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1

Introduction

Lars Ulriksen and Camilla Rump

Department of Science Education

Introduction

This anthology presents papers reporting from projects that have aimed at
developing the quality of the teaching and learning at the University of
Copenhagen. The projects have been developed and carried out as a part of
a teacher development programme (TDP) offered to academic staff across
different faculties at the university. The programme consists of a practical
part, where the participants’ teaching is supervised by senior teachers, and
a theoretical part where participants are introduced to fundamental pedago-
gical principles of relevance to university science teaching and learning. In
the theoretical part, participants continuously relate the theories of univer-
sity teaching and student learning to their own courses and teaching envi-
ronments, but particularly they inquire into their own practice of teaching
in the two projects at the beginning and at the end of the programme: The
former is related to student learning, and the latter is specifically aimed at
the participants developing their own teaching.

This volume contains a number of these final projects that were carried
out by the participants in the TDP in 2010/2011. For further description and
information about the TDP, see (Christiansen et al.; 2009). The participants
came with an array of different cultural and disciplinary backgrounds, as
does the population of teachers and researchers in general at the university.
Therefore, the course was given in English, as are the papers in the current
volume.

The present volume is the fourth collection of papers presenting the
works of the participants at this TDP. As in the previous volumes, the col-
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lection does not present scientific papers as such, but theoretically informed
personal accounts of how and why teaching has been developed in various
ways. As such, the contributions tell us how teachers actually work in de-
veloping their courses, and they show us what they learn in the process.
In this sense, the papers provide an insight into something that scientific
papers often fail to show.

The papers present both successful experiments and experiments that
failed or where the teacher considers that further development is needed.
In fact, it is at the heart of the teachers’ approaches to developing their
teaching that the evaluation should have a formative purpose, suggesting
ways forward, but only rarely do such accounts find their way to the peer-
reviewed educational journals.

The themes of the papers reflect the conditions and challenges of
present-day university teaching. There are papers addressing an increas-
ingly diverse student body in the courses. This is partly related to a grow-
ing number of students from abroad attending courses at Danish universi-
ties, but this is not the only reason. Interdisciplinary courses and students
moving across traditional borders between programmes mean that teachers
cannot take for granted a particular body of prior knowledge. Some pa-
pers address the challenges facing a teacher who only teaches parts of a
course, while others address the question of evaluating and developing en-
tire courses. However, running as a common thread through the papers is
a sincere dedication to improving student learning and providing the best
possible conditions for students’ engagement in teaching and learning acti-
vities.

When reading across the papers it is also possible to trace a shared focus
on student learning outcomes rather than on the teachers’ presentation of
content matter, and an emphasis on the active participation of the students
in the teaching. This reflects the inspiration from the teaching material used
during the course, not least the concept of constructive alignment and of
deep learning approaches (Biggs & Tang; 2007).

We have organized the papers of this volume in four parts according
to shared themes, even though some papers address issues related to more
than one theme:

1. Stimulating student activity and deep learning,
2. Lab work, exercises and group work

3. Diversity in students’ backgrounds and

4. Evaluation and redesign of an entire course.
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The individual contributions are introduced below.

Stimulating student activity and deep learning

Annette Eva Langkilde’s paper concerns how to encourage students to en-
gage actively in classroom exercises in a course in organic chemistry at the
Faculty of Pharmaceutical Sciences. She focuses on establishing shared ex-
pectations between students and teachers and she addresses how students
can be guided towards a deep learning approach focusing on understanding
rather than through training specific exercises. Further, she emphasizes how
the atmosphere of the class has an impact on students’ learning possibilities
and enhancing their self-efficacy.

In her paper, Vanessa Hall the design, implementation and evaluation
of a number of integrated motivational activities for large lecture groups,
in this case classes in anatomy and physiology in a veterinary study pro-
gramme with approximately 180 students. Since the number of students in
the class may rise even further, it is of immediate importance to design and
evaluate relevant and motivational learning activities for large class sizes.
Following a review of three different interactive tools — clickers, flash cards
and quizzes — which have been tried out mainly in American universities
and rarely in veterinary programmes, Hall tried out two of the techniques
(flash cards and clickers) in her own class and evaluated their effectiveness.
For both clickers and flash cards she finds that the benefits clearly outweigh
the disadvantages, and she provides some tips and tricks for further use. The
question of dissemination to the whole programme faculty is discussed.

Brian Mgller Andersen evaluates his new design of a graduate physics
course on condensed matter theory introducing lessons where shorter pe-
riods of (interactive) lecturing of no more than 15-20 minutes are inter-
twined with different student activities of shorter (a few minutes) or longer
(20-30 minutes) duration. One part of the evaluation is a systematic com-
parison of the effectiveness of the two formats: the traditional format and
the redesigned format. For both formats, the students were given a test of
understanding after four 45-minute lessons. With a reservation due to the
limited number of students, the test results provide a surprising, but quite
convincingly higher result from the redesigned course format than the tra-
ditional one. Furthermore, the questionnaire evaluations from the students
show support for the new format from 80% of the students.
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The paper of Arne Henningsen presents the design of a course in
agribusiness economics for the MSc programme in Agricultural Economics.
The course design focused on encouraging active student participation and
on deep learning. It applied problem-based learning as the basic teach-
ing format and emphasized dialogue in the lecture sequences. The course
contained weekly group assignments that also served as the starting point
for the final oral examination. The group assignments were peer-reviewed
by other groups and the peer comments could be used for revision of the
handed-in assignments. The paper provides examples of other kinds of ac-
tive participation and of addressing the problem of gaps in students’ prior
knowledge. The overall result of the design was good in relation to both
student learning and the author’s experience as a teacher. There were, how-
ever, some students who were critical of the format and who demanded a
more traditional format.

In her paper, Gitte Erbs addresses the question of how it is possi-
ble to provide a productive learning environment for students when the
teacher teaches just once or twice during an entire multi-departmental and
multi-teacher course. Among the challenges are that the students experi-
ence highly diverse teaching, and that it may be difficult for a teacher who
teaches a single lecture to involve students if they are not used to being in-
volved. Erbs describes how, for a second-year course in microbiology, she
organized a lecture with an emphasis on student involvement. Based on her
own experience with the teaching and on the feedback from the students she
concludes that it is possible — within these restrictions — to engage students
in interactive lectures even within the frame of a ‘one-lecture stand’.

Henrik Liitken reports on a joint BSc and MSc course in seed science
where he teaches three half days on a topic concerning gene manipulated
crop (GMO) seeds. His aim was to increase student motivation and activ-
ity and to stimulate deep learning approaches through interactive lectures,
small assignments, buzzing in pairs and other short activities. He experi-
enced that these measures eventually led to increased activity. The course
was taught twice for two different groups of students (one purely inter-
national and one of mixed Danish and international students), and Liitken
explores whether the design has a different impact for the two groups. He
finds that both groups of students preferred the interactive lecture format
to the traditional, and that the students participated more actively than be-
fore. Still, he points to the importance of adjusting the lecturing to different
groups of participants. This paper, therefore, also relates to the third theme
on students’ backgrounds



1 Introduction Xi

Pernille Kastel’s project deals with the issue of assessment and ex-
amination. Taking her point of departure in the pivotal role that exami-
nation and assessment play in the students’ learning approaches and learn-
ing outcome, she discusses the development of the assessment format in a
postgraduate course on nutrition and health at LIFE. The changes aimed
at focusing the examination and the students’ attention on understanding
rather than recollecting and to more generic academic competences. This
was done, for instance, through the formulation of different types of ques-
tion. Further, she shows how they aimed at increasing the alignment of the
course, and providing the students with access to the assessment criteria.
This was done, inter alia, through the construction of a rubric that states the
criteria for obtaining different grades. Finally, she comments that the fur-
ther development may involve changes in the intended learning outcomes.

Lab work, exercises and group work

Anders @. Madsen’s paper deals with a mathematics course for biochem-
istry students. Since the course is a ‘tool-box course’ for five study pro-
grammes, there are several restrictions on the design, including a common
exam across all programmes and a core set of compulsory assignments to
be solved by the students. A central challenge of motivation for the bio-
chemistry students is that the outcome description of the biochemistry pro-
gramme does not mention mathematics at all, as it is close to impossible to
make contextualized mathematics assignment in biochemistry at that level
(first-year, first-semester Bachelor’s course). In order to meet this chal-
lenge and the general scarcity of student activity in traditional problem-
solving classes, Madsen designed a number of experiments to meet these
challenges. The experiments were quite successful in promoting another
atmosphere of learning in the classroom. However, time pressure and an
assessment based on multiple-choice tests, as well as large differences in
the abilities of the students, caused a backwash effect that is hard to cir-
cumvent without realigning the course with a new type of assessment.

In his paper, Anan Yaghmur presents results from an extensive ques-
tionnaire survey of students’ experience of a series of laboratory exercises
they completed in a course in physical chemistry for pharmaceutical sci-
ence students. The questionnaire addresses questions of student prepared-
ness, their experience in the lab, their experience of writing the report and
the learning outcome they experienced from these activities. The results
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show that students’ preparation for the labs is insufficient, but even so their
experienced learning outcome after having completed the reports is quite
good. The students prefer laboratory exercises with an immediate pharma-
ceutical relevance. Suggestions for how to improve student preparedness
are given.

Annie Hggh presents her experiences with letting students do small in-
class presentations of parts of the curriculum. The idea was to make the
students study the compulsory literature of the course, but since the format
of the presentations resembled the format of the exam they also prepared
the students for the examination requirements. Further, the paper reports
experiments with letting the students work with cases or problems where
they were to use the theories and models that were presented.

The paper by Alberto Grossi evaluates the role of group work in student
learning, in a course on physical and chemical changes of food quality. The
group work is mainly done in relation to the practical work in the course.
The evaluation is based partly on a thorough analysis of the alignment of
the course and partly on a questionnaire survey of the students’ experience
of the actual group work in the course. The analysis shows a good align-
ment of the course, and the questionnaire shows that students were in gen-
eral satisfied with the group work and thought it was a positive experience.
Even so, one-third of the students do not consider that it is an advantage
to have students of different nationalities and different educational back-
ground in the group. This suggests a need for more group reflections on
the group work process and a more explicit focus on opportunities for the
development of group working skills. Hence, this paper is a bridge to the
next section of this volume.

Diversity in students’ backgrounds

The paper of Alicia Budek Mark and Lesli Hingstrup Larsen addresses the
issue of second-language teaching and learning. An increase in failure rate
was observed when the language of instruction of a graduate course in nu-
trition physiology was changed from Danish to English. Mark and Larsen
involved the university’s Centre for Internationalization and Parallel Lan-
guage in the introductory week of the programme by offering the students
a test of their English skills and an optional language course, and then de-
signed, implemented and evaluated a teaching and learning activity based
on peer feedback on an exam-assignment example and reflection on lan-



1 Introduction xiii

guage skills. The question of the potential for different challenges for stu-
dents with the background of a professional Bachelor’s degree and students
with a university Bachelor’s degree was considered, but no significant dif-
ferences were found. Overall, the activity was found to be successful in
that the students experienced benefit from the activities, and the failure rate
dropped dramatically. With respect to the latter, reservations are expressed
with respect to differences in the two student cohorts. The authors decided
to continue to use and develop the activity.

Mingshi Yang studies a particular course in a Master’s programme in
pharmaceutical sciences. The students on the course come from diverse
disciplinary backgrounds and have chosen different lines of specialization.
On the basis of a questionnaire addressing the students’ expectations prior
to the course and the students’ evaluation halfway through, he discusses the
importance of paying attention to the students’ background, and he points
out how some of the course elements need further development to further
increase internal alignment and in order to take the students’ different back-
grounds and interests more into consideration.

In her paper, Sine Lo Svenningsen investigates the challenges of teach-
ing a course that is interdisciplinary not only in content, but also in the
group of participating students and the teachers teaching the course. Based
on a thorough and critically reflected discussion of students’ evaluations
of the first run of the course and of her own experiences, she makes the
important — and by no means trivial point — that interdisciplinary courses
should be taught in an interdisciplinary way and that this requires consid-
erable effort from the teachers. Also, she points out that the assessment
provides a particular problem when both course content and the students
come from diverse disciplinary backgrounds. Finally, the paper discusses
how the development of the research discipline in question presents the
study programmes with new challenges concerning the curriculum and the
traditional borders between disciplines.

Evaluation and redesign of an entire course

Derek V. Byrne examines a popular and well evaluated course in sensory
and consumer science by means of a questionnaire and a focus group in-
terview. He focuses on alignment — internally within the course between
ILOs, TLAs and assessment and externally between the course ILOs, the
programme ILOs, and students’ future work. The course has continuously
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received top evaluations from the students, and the focus of the inquiry is
to learn what in the course makes it good, and to improve the course fur-
ther. The analysis shows that the students experience the course as well
aligned internally and in general they found the teaching and learning acti-
vities meaningful and useful. The students found that the project played an
essential role in the course, and in general they appreciate the holistic struc-
ture of the course. It is argued that all lecturers should state their intended
learning outcomes explicitly, and a new week plan is suggested.

Michael Timm presents experiences from redesigning an elective Mas-
ter’s course on quality control in the pharmaceutical sciences. The intention
was, inter alia, to draw the methods used closer to those applied in the in-
dustry and to increase the independent student work by reorganising the
exercises in a problem-based learning (PBL) format. The students were to
analyze two pharmaceuticals instead of doing separate “cookbook” exer-
cises, they were required to study original literature, and specialists from
the industry were invited give lectures. The paper discusses the changing
role of teachers, not least the difficulty of finding a balance in letting the
students work independently without appearing unapproachable or uninter-
ested. Generally, the students were able to meet the challenges of the more
open and demanding format.



Part I

Stimulating student activity and deep learning
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The first lesson in the classroom — getting
students engaged in active learning process

Annette Eva Langkilde

Department of Medicinal Chemistry, FARMA, University of Copenhagen

Introduction

The aim of this project was to search for alternative ways of encouraging
the students to take an active part in the classroom, and to break from the
traditional walk-through of exercises on the blackboard.

The focus in this report is on the initiatives made for the first session,
as I believe the impressions from the first encounter have a crucial impact
on the rest of the course programme. If the students walk away from the
first session with a good “feeling” of being capable, and at the same time
getting something out of showing up and participating, the positive attitude
will affect the following lessons.

Description of the course

Organic Chemistry I (M31) is a mandatory course in the first semester for
all students at the Faculty of Pharmaceutical Sciences. The official course
description (in Danish) is included in Appendix A. The course consists of
lectures with 200-250 students, classroom exercises with 30 students per
class (i.e., eight more or less parallel classes). In addition, a study-café is
held five times during the semester, with older students being available for
help in three connected courses. A second part of the course in the following
semester also included practical laboratory exercises.

The content of this project is focused on the classroom exercises, which
I have taught, with particular focus on the first lesson. The classroom teach-
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ing is organized as twelve double lessons (2x45 min) of which one involves
specific exercises at computers. In the following, I will use the term first les-
son to refer to the first double lesson (i.e., 2x45 min). Suggested exercises
are chosen by the teacher responsible for the course, and the classroom
teachers meet prior to the start of the course to discuss possible approaches
to the classroom teaching and their previous experiences.

Generally, Organic Chemistry is a course the students evaluate posi-
tively and the students are generally motivated, despite the fact that it may
well be considered a tool-box course.

Initial plans and aims for the first lesson

e Questionnaire and a general discussion on mutual expectations. Ques-
tionnaire first to give the individual student a moment to think about
his/her own expectations before a general discussion.

e Introduce myself: name, affiliation, teaching experience, motivation,
taking part in a pedagogical course.

Learn student names (or at least start to).
Student activity. Play the game cards. See a more detailed description
below.

e Evaluate the game. Ask students what they successfully explained to
each other and what is still problematic. Did they like the cards?

e Close unresolved questions in a general discussion by the end of the
lesson.

Overall aim: Set the scene for high level of student activity and a good
atmosphere for the learning process.

The game cards

Inspired by a group of students attending the course last year, we (the team
of classroom teachers for the course) made a card game for the final session
before the summer break (i.e., the second part of the organic chemistry
course). Several of the students mentioned it would have been great to do
this earlier. Thus, this was the inspiration for this part of the project.

The aim is to work through the planned exercises as game cards in small
groups of four or five students. The group is given a set of cards, and with-
out using their books (or at least only after a thorough discussion) the stu-
dents take turn in picking a card with a question. The student should not
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A8

Phosgene, C1,C=0, hasa
smaller dipole moment
than formaldehyde ,
H,C=0, even though it
contains electronegative
chlorine atoms in place of

hydrogen. Explain.

A8 (answer)

In phosgene, C1,C=0
carbon is the least
electronegative atom, thus
the two Cl atoms and the
O all “pull” the electrons in
different directions,
resulting in a smaller net

polarity of the molecule.

Ald
Assign formal charges to

the atoms in this molecule:

HaC—N—N=N:

Al4 (answer)

N;NEN:

I

HaC

+/- indicates a formal

charge of +/- 1, all other
atoms 0.
(2.30b)

(2.26)

Fig. 2.1. Examples of two game cards from the first lesson. See more in Appendix
B.

only answer but also explain how or why he or she arrived at this answer.
If needed, the group may help and finally the answer can be checked on the
back of the cards. To keep a positive atmosphere, the level of competition
is left up to the individual group, and no winners or losers are announced.

As the suggested exercises for the classroom teaching were posted on
the course homepage prior to the lesson, I decided to base the questions on
the game cards (see above and Appendix C) on these exercises. I chose this
to avoid well prepared students feeling their preparation was superfluous,
but instead to reinforce the well prepared students’ self-efficacy as they
experienced improved understanding and ability to explain to their peers
thanks to their preparation. Turning it into a game should give all group
members a chance to be the one to explain (as they take turns in picking
random cards) and a bit of fun may even stimulate the intrinsic value for
the student.

My role during this game (as well as later sessions with group work) is
not to give the answers when asked, but try to assist the students in finding
the answer themselves.

Implementation

The first lesson was attended by 28 students (of 30 listed). Overall, the plan
was followed, though I chose to start the name-learning as the groups were
“playing”, as this gave me a chance to interact a bit more closely and add a
few names to the faces at the same time.
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The students were very willing to answer the questionnaire. They had
several and very widespread suggestions as to what they would like dur-
ing the classroom teaching, including the “classic” teacher-go-through-all-
exercises-at-the-blackboard-while-we-(passively)-take-notes scenario, which
was the only thing I ruled out on the spot.

Regarding the card game, the students engaged in great discussions,
while I circulated among the groups, on request to assist or on my own
initiative to “listen in”” and learn names.

All in all, there was a very positive atmosphere and I left feeling moti-
vated for the lessons to come.

Evaluation

The course was taught during the autumn of 2010, and as the Bachelor’s
degree part of the studies at the Faculty of Pharmaceutical Sciences is still
running over semesters, the students had not yet sat the exam for this course
(scheduled for January 2011). Thus the evaluation is based on student feed-
back (primarily from the first and last lessons) as well as my own reflections
(from both the first session and the overall course programme).

The first encounter

Student responses on expectations and my comments

I prepaired and distributed a small questionnaire' to give me written re-
sponses as well as to give the students a moment to think about their own
expectations before a general discussion and also an opportunity to com-
ment anonymously. The second half of the questionnaire focused on a state-
ment from the course homepage on our (the teachers’) general expectations.

A large part of the students would prefer the teacher to go through all
exercises, which was also mentioned in the following general discussion.
Slightly contradictory to this, the majority also thought students should go
through the exercises.

The group was completely split on the question of working with the ex-
ercises and syllabus during the lessons. Thus this is a point where it will be

! The questionnaire handed out to the students was in Danish.
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Strongly Disagree Agree Strongly agree
disagree
The teacher is prepared for the class 0 1 5 21
The teacher go through all exercises 0 10 14 3
The teacher go through selected exercises 1 4 11 12
Students have solved (or attempted to solve) all 0 0 11 16
exercises prior to the lesson
Students work with the exercises/syllabus during the 3 10 12 2
lessons
Students go through exercises 2 4 16 4
I'll be (expect to be) prepared for the lessons 0 1 11 15
I expect to participate in all lessons 0 0 12 15
I'll choose lessons depending on theme or other... 7 15 3 0

Fig. 2.2. Answers from the first part of the questionnaire.

challenging to please everybody. However, it is in this scenario that much
is learned and it is part of the “official” aim of these lessons that in some
form will be a large part of the sessions. In the general discussion, I re-
ceived several good comments on how this could be done, many of which
were implemented or tested during the course programme, e.g. prioritize
the suggested exercises at the beginning of the session or after the group
work session, then discuss in this order, to address the most difficult first.

The second part of the questionnaire included a statement from the
course homepage (Appendix B), concerning some general expectations
from the course organizers/teachers on how the classroom lessons will run.
I had previously assumed that all the students had read this, but for this
class, I printed the statement on the second page of the questionnaire (i.e.
not visible when answering the first part) and asked:

1. Have you read this statement from the course homepage?
2. Has it changed your expectations?

There was room for additional comments.

Much to my surprise, only half of the students had actually read the
statement. One commented that she knew about it (presumably from other
students) and thus it did not change her expectations.

The fact that most students (20) say that this statement had not changed
their expectations suggests that the students have had very similar expec-
tations, which is not really reflected in the fact that the majority expect
me as teacher to go through all the exercises as seen from the first half of
this questionnaire. Alternatively, they still hold on to whatever expectations
they have regardless of this statement. In any case, it prompted a fruitful
discussion during our first session.



8 Annette Eva Langkilde

yd

/

Ql:Yes Ql:No

M Q2:Yes Q2:No M blank

Fig. 2.3. The answers to the questions regarding the statement written on the course
homepage.

Playing the game

The response to the game was very enthusiastic and the students took on
the challenge with no complains. The game format, with a loose rule of no
books (or as limited reference to books as possible) prompted more peer
discussion and less flipping around in the books. I was circling the groups,
sometimes on request, but just as often on my initiative, as the students
resolved most issues in the groups.

The immediate evaluation was very positive, in terms of successful ex-
periences with having explained things to peers and having understood
something from the group. Most of the groups struggled to come up with an
unresolved question. Perhaps this reflected the exercises being at the easy
end of the scale, with some exercises summarizing a few things from their
high-school syllabus.

In the end, by focusing on what was explained well by peers, hopefully
the students self-efficacy in smaller groups had increased, thereby the stu-
dents should be more likely to participate in full class discussions. Also by
not forgetting to close the lessons with a general discussion on the final un-
resolved issues the aim is that the students walk away from the class, feeling
like they “got something out of it”, i.e., increased (or at least attained) the
value of these lessons for the individual student.
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Reflections based on the entire course program

Previously, when I have taught this course (12 double lessons) I have ex-
perienced very low attendance rates — at worst two students. Although this
class coincided with project work in another course, it was still not very
motivating). The group of teachers involved in the course, have introduced
group work as a major part of the classroom lessons, but I felt reluctance
towards this from a majority of the students, and several kept asking for the
traditional walk-though of exercises.

With this class from autumn 2010, my experiences have generally been
much more positive. The attendance rate has also been high (mostly 20+
students), the lowest being the lessons from 8-10AM with no other lessons
scheduled with twelve students attending. Of course, other factors may
have a significant influence on this; i.e. I think the coordination with other
courses has improved. Project work with hard deadlines in other courses
was at least part of the reason for the very low attendance rate experienced
previously.

Throughout the course the students have been free to form groups as
they pleased, and in connection with a supervision session I noted how
these group formations were more dynamic than I expected and had pre-
viously noticed. The students are not sitting with the same group every
time. According to Biggs and Tang ((2007)), referring to Yamane, there
would be a higher likelihood of gossip and off-task discussion in this kind
of free-formed groups. I have not (yet) compared them with the discussion
level in groups that I have chosen, but I have been impressed thoughout the
course with the level of discussion among the students and the enthusiasm
they have shown towards the work. It has not been easy to enforce breaks
between the two connected 45 min lessons, as students continued to ask
questions, in groups and individually.

Throughout the course the students have given feedback in a very pos-
itive tone, on what they liked/disliked, resulting in many smaller variations
throughout the programme. Generally, at least half of the time has been
dedicated to group work and discussions, while there have been variations
in how much time was spent before or after on general introduction and
discussion or students going through exercises at the blackboard.

When it comes to the students at the blackboard, it was dominated for
quite some time by just a few students volunteering. Inspired by the peda-
gogical supervision during one of the lessons, we tried assigning different
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exercises to groups which raised the amount of students actively participat-
ing at the blackboard. This can still be improved, however.

As a last aspect, I also realize that I am still struggling slightly with
the concept of coverage. It is described by Biggs and Tang (2007, p. 40)
in terms of students being overloaded, but I sometimes feel some guilt (for
want of a better word) when I have not discussed all the problems. I am
convinced that the deeper approach and detailed discussion of a single or
fewer problems is more valuable than a list of answers with a quick or no
explanation, but I believe the residual struggle is a result of the way I was
most often taught (we or the teacher did go through all listed exercises at the
blackboard). Thus the ongoing task is to keep encouraging a deep approach
to learning. This can be done, for example, by showing students what they
can gain from understanding the basic principles of a chemical reaction
instead of learning how to solve specific types of exercises, showing that
with the basic principles one can “recognize” this in most reactions and
then be able to predict the product in reaction types that are new to the
student.

Conclusions

I found that the open discussion of the students’ expectations was very use-
ful and we had smaller similar sessions throughout the course. Assuming
we all know at least has not worked for me before. It may take up time from
the exercises, but this is time well spent! The students gain more ownership
as they have a large influence on the format. When asked for feedback at
the end of the course, where I assumed they would remember the game
from the first lesson, several marked the discussion of expectations as a key
element from the first lesson.

I have used group work or learning cells throughout the course, mainly
to have the students take an active part in the learning process, in discus-
sions with their peers. Formulating what they do not understand and ex-
plaining subjects to others are both challenging and useful exercises.

As the hours allocated to this course have been decreased, there are no
longer hand-in exercises in this course, thus an advantage of the group work
during class is that it also gives me as the teacher an opportunity to better
follow the individual student and know their capabilities better. The inter-
action with a small group allows me to follow the individual’s expressions
and notes, and some students may feel more free to ask questions or ask
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for alternative explanations when with a small group. Thus, overall, I get a
more nuanced picture of the capabilities in the class than I would have from
the “classic” blackboard teaching.

The card game was a successful ice-breaker in the first session and il-
lustrated some important points of group work. Games like this are not to
be used all the time, but may help engage the students. I had originally
planned to use it more times, and even had the cards prepared once, where
the students chose to work differently with the problems. For that given
lesson, I had misjudged the capabilities and needs of the students and thus
adjusted accordingly. However, I have searched for more inspiration from
other games, e.g. Chemistry Taboo (Capps (2008) and references herein)
and Where’s Ester (Angelin & Ramstrom; 2010) and believed that a few
varied sessions like this could be helpful in many ways as this card game
was for this group of students.

There are many more aspects to the classroom teaching that I have not
touched upon here, but doing this project work and searching through liter-
ature for it I found much more inspiration, e.g. on how to employ “minute
papers” and “fish bowls” (as described and further referenced in Paulson,
1999). Some of all this inspiration will be implemented in the coming
semester where I look forward to continue teaching the same group of stu-
dent more organic chemistry.
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A Course description in Danish

From August 2010.

Praktiske oplysninger

Status: Obligatorisk pa bacheloruddannelsen i farmaci

Tidspunkt: 1. semester - efterar

Undervisningsform: Forel@sninger og klasselektioner. Undervisningen stgttes
af hjemmeopgaver.

Kursusomfang: 6,5 ECTS-points

Timetal: 24 forelesninger 4 45 min. og 24 klasselektioner 4 45 min.
(aftholdes som 12 dobbeltlektioner)

Frekvens: 1 gang arligt

Prgve:
o Prgveform: Skriftlig prgve af 2 timers varighed
e Bedgmmelse: Bestéet/ikke bestdet
e Bedgmmere: Fagl®rer(e) uden medvirken af censor
e Tilladte hjelpemidler: Brug af molekylmodelbyggesat ellers ingen
e Serlige forhold: Prgven, der er en del af 1.arsprgven, atholdes i januar.

Reprgve aftholdes lige for eller lige efter paske, jvfr. regler om 1.arsprgven.
Undervisningsmateriale: J. McMurry: Organic Chemistry with Biological
Application. 2nd ed. 2011, Brooks/Cole

Sprog: Dansk

Formal

Kurset har til formal at indfgre den studerende i de grundleeggende begreber
inden for organisk kemi, herunder:

Simple organiske forbindelsers molekylstruktur
Basal stereokemi
Enkelte kemiske reaktioner og deres reaktionsmekanismer, s som ad-
dition, elimination, nukleofil substitution og nukleofil addition til car-
bonylgrupper

e Tolkning af IR- og 1. ordens 1H-NMR-spektre.
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Indhold

Kurset bestar af 24 foreleesninger og 24 klassetimer (som dobbelttimer).

I forleesningerne gennemgas stoftyperne: alkaner, cykloalkaner, alkener,
alkyner, aromatiske carbonhydrider, alkylhalider, alkoholer, phenoler, thi-
oler, ethere, sulfider og oxoforbindelser. For hver stoftype bergres: molekyl-
struktur (herunder stereokemi og resonansformer), fremstilling, fysiske
egenskaber og kemiske reaktioner. I forbindelse med de kemiske reaktioner
gennemgas mekanismerne for: addition, elimination og substitution. End-
videre vil forel@sningerne omfatte introduktion til UV-, IR- og 1H-NMR-
spektroskopi. I klasselektionerne arbejdes med opgaver til understgttelse af
det teoretiske pensum. Endvidere vil de studerende blive trenet i at tolke
IR- og 1. ordens 1H-NMR-spektre. I forbindelse med klassetimerne tilby-
des 2 hjemmeopgavesat, hvoraf det sidste opgaveszt er et eksempel pa et
eksamensszat.

Formeltegningsprogrammet ChemBioDraw vil blive introduceret i en
dobbeltlektion.

Malbeskrivelse

Efter kurset skal den studerende

e Kunne redeggre for de i pensum omtalte stoftypers opbygning og
deres systematiske navngivning

e  Kunne opskrive konstitutions- og konfigurationsformler for simple or-
ganiske forbindelser ud fra deres systematiske navne

e Kunne redeggre for de i pensum omtalte reaktioner og deres reaktion-
smekanismer

e Kunne redeggre for oprindelsen og udseendet af signaler i UV-, IR-
og 1. ordens |H-NMR-spektre.

De nzvnte kundskaber skal kunne anvendes med henblik pa

At navngive simple organiske stoffer efter [UPAC-reglerne
At beskrive et stofs struktur, herunder molekylgeometri, relativ og ab-
solut konfiguration samt isomeri-muligheder

e At skgnne over et stofs fysiske egenskaber, herunder oplgselighed,
smeltepunkt og kogepunkt, pa basis af molekylstruktur
At foresla reagenser til gennemfgrelse af kemiske reaktioner
At forudsige forlgbet af simple reaktioner
At kunne udlede strukturen af simple organiske forbindelser ud fra
stoffets IR- samt 1H-NMR-spektre.



14 Annette Eva Langkilde

Studenterbelastning
Antal timer

Forelasning 24
Forberedelse 48
Klassetimer 24
Forberedelse 48
Eksamen og eksamensforberedelse 35
Totalt antal timer 179
Kursusansvarlig

Bente Frglund, Institut for Medicinalkemi

B Quote from the M31 course homepage (in Danish as
originally stated)

Klassetimer
Klassetimerne er et forum, hvor du som studerende selv skal arbejde med
stoffet.

Til hver klassetime vil der vare foreslaet et vist antal opgaver, som re-
laterer sig til det gennemgaede pensum i foreleesningerne.

Opgaverne skal forsgges lgst inden klassetimerne

For at opnd optimalt udbytte af klassetimerne er undervisningen baseret
pa at opgaverne er forsggt lgst inden klassetimen, evt. sammen i mindre
leesegrupper. Klassetimerne skal bruges til at fa afklaret specielt vanske-
lige opgaver.

Lgsninger pd opgaver kan findes i Study Guide

Det kan ikke forventes at alle opgaverne bliver Igst i Igbet af klasse-
timerne. Lgsninger til opgaver fra lerebogen: ‘Organic Chemistry with
Biological Applications’ kan findes i den tilhgrende Study Guide. Study
Guiden kan evt. lanes pa bibliotektet eller kgbes, evt. sammen i laesegrup-
perne.

Translation of the statement from the course homepage:
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Classroom lessons
The classroom lessons represent a forum where students themselves work
with the syllabus.

For each class lesson a number of problems or assignments that relate to
the syllabus of the lessons will be proposed.

The problems should be attempted solved before the lessons

To obtain optimal yield of class lessons, teaching is based on the assign-
ments having been tackled before class lessons, possibly in small reading
groups. Class lessons are aimed at clarifying particularly difficult prob-
lems.

Solutions to the assignments can be found in the Study Guide

It cannot be expected that all assignments are solved during class hours.
Solutions to assignments from the textbook ‘Organic Chemistry med Bio-
logical Applications’ can be found in the corresponding Study Guide. The
Study Guide may be borrowed from libraries or purchased, e.g. together
in reading groups.

C Examples of game cards used in the classroom

The cards were printed two-sided (Question/Answer):
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Al
State the expected
hybridization for each C

atom in this compound:

CH3CH,CH3

A2
State the expected
hybridization for each C

atom in this compound:

CHg
CH3C=CH,

A3
State the expected
hybridization for each C

atom in this compound:

HC=CH—C=CH

A4
State the expected
hybridization for each C

atom in this compound:

Il
CH3COH

A5
How many hydrogens are
bound to the C atoms in

this compound?

C%N

... and state the molecular
formula of the compound.

Ab
How many hydrogens are
bound to the C atoms in

this compound?

... and state the molecular
formula of the compound.

A7
How many hydrogens are
bound to the C atoms in

this compound?

... and state the molecular
formula of the compound.

A8

I’Imcg«-nc‘ CLC=0, has a
smaller dipole moment
than formaldehyde
H,C=0, even thoughit
contains electronegative
chlorine atoms in place of
hydrogen. Explain,

AS (answer)
No. of hydrogens bound:

A6 (answer)

No. of hydrogens bound:

A7 (answer)
No. of hydrogens bound:

AS (answer)
In phosgene, CLC=0

3 carbon is the least
1 electronegative atom, thus
1 91 3 2 1 I the two Cl atoms and the
Br A0 _~ 0 Ce . }
0 OH O all“pull” the electrons in
1 = 0 2 . different directions,
1 C%N 3 o 1 resulting in asmaller net
polarity of the molecule.
Malecular formula: Molecular formula: Moalecular formula:
(R i C,H,,0,Br (E51E)
(1.42a) (1.42a) (1.42a) (2.26)
Al (answer) A2 (answer) A3 (answer) A4 (answer)
Expected hybridization of | Expected hybridization of | Expected hybridization of | Expected hybridization of
Catoms: Catoms: Catoms: Catoms:
CH3CH,CH3 3 ol (o]
cd—ch HaC=CH—C=CH o
o L]
o Bt CH3COH
sp
(1.33a) (1.33 b) (1.33¢) (1.33 dy
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A9

Which bond is more polar?
Indicate the direction of
bond polarity for cach
compound.

H,C-Cl or
cl-cl

Use the electronegativity
table.

Al0

Which bond is more polar?
Indicate the direction of
bond polarity for each
compound.

H,C-H or
H-Cl

Use the electronegativity
table.

All

Which bond is more polar?
Indicate the direction of
bond polarity for cach
compound.

HO-CH, or
(CH,),Si—CH,

Use the electronegativity
able.

Al12

Which bond is more polar?
Indicate the direction of
bond polarity for each
compound.

H,C-1i or
Li-OH

Use the electronegativity
table.

Al13
Assign formal charges to
the atoms in this molecule:

g

Al4
Assign formal charges to
the atoms in this molecule:

Al5
Assign formal charges to
the atoms in this molecule:

Ale
Rank in order of increasing
acidity:
o o O
Il [
CH4CCH3 CH3CCH2CCHy

Acetone  Pentane-2,4-dione

H3C 'Tl 9: HaC ﬁ—NEN: H3C_|.\|.=N=I.\]: (ply= 19.3) M_o_,,
CHg @m Chatom
Phenol Acetic acid
(pKy =99  (pKy =476
A13 (answer) Al4 (answer) A15 (answer) Al6 (answer)
P Acidity
CHg s
HaCN—0O: HaC—N—N=N: | HiC—N=N=N: m:ml
I (pKy = 9.9)
CH
(pKy = 19.3)

+/ - indicates a formal
charge of +/- 1, all other

+/-indicates a formal
charge of +/- 1, all other

+ /- indicates a formal
charge of +/- 1, all other

A lower pKa value

atoms 0, atoms 0, atoms 0. indicates a stronger add
(2.30a) (2.30b) (2.30c) (2.38)
A9 (answer) A10 (answer) All (answer) Al12 (answer)
5" & & & & &
H,C-Cl most polar H,C-H HO-CH; most polar H,C-Li
- Non polar —* =t
(EN difference <0.4)
8t & 8" & 5t &
Cl-Cl H-Cl most polar (CH;);Si—-CH; Li-OH most polar
Non-polar o — i
Larger difference in EN, Larger difference in EN,
more polar more polar
(2.28a) (2.28h) (2.28¢c) (2.28d)
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Integration of novel motivational teaching tools
for large lecture sizes

Vanessa Hall

Department of Basic Animal and Veterinary Sciences, LIFE, University of
Copenhagen

Introduction

Class entry sizes for Veterinary Science at the Faculty of Life Sciences
(University of Copenhagen) have been increasing annually the last few
years and may continue to do so in the coming years. The size of the
current first-year class is 186. I have been involved in teaching com-
ponents of a first-year course, Anatomy and Physiology II to these stu-
dents. The course includes lectures, practical demonstrations and exer-
cises. The lectures, practical demonstrations and exercises, both micro-
scopic and macroscopic, are performed by the whole year group at the same
time, either in a single lecture hall, the large histology rooms or in a sin-
gle dissection hall. For more details of the course information, see link:
http://www.kursusinfo.life.ku.dk/Kurser/300059.aspx (from University of
Copenhagen website).

The current teaching methods employed for lectures within this course
are based on standard school lecture principles. That is, lectures are de-
signed as monologue-teaching with PowerPoint presentation from a single
teacher to a large hall containing 186 students. The amount of anatomi-
cal structures and Latin names that need to be learned and memorized are
extensive. From my own observations, attendance at lectures is not at full
capacity. This may be due to a lack of motivation and difficulties in learning
in such large-scale teaching environments. From my own experience at an-
other university and participation in large lectures with over 200 students,
I found the teaching to be un-motivating and I was easily distracted. When
questions are posed in large lectures, the student answering may be difficult
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to hear (due to distance) and participation is limited to a single individual
in the class (and usually only the confident students who are not scared
to answer). As student class sizes continue to grow, it should be expected
that our teaching styles will adapt accordingly to maximize the learning
outcomes and provide high-quality teaching, which keeps the students mo-
tivated in what could be considered an un-motivating scenario for many of
them. This lack of motivation may stem from one or more of the following:
little personal interaction with teachers, difficulty to express and provide
feedback or questions, or a general feeling of students being distant from
the education programme and the teachers, in general.

Proposal

It would be useful to integrate more modern teaching approaches to im-
prove the participation of the students in learning, to improve their motiva-
tion and ultimately yo increase their learning capacity and to be interested
in and want to attend all the lectures. In this project, I will analyse the pros
and cons of different interactive tools for teaching in large environments. I
will reflect on my own teaching experience where I applied two such tools.
I will also reflect on how to integrate, in a practical sense, these tools in
such classes (taking into consideration, the “selling” of these techniques to
other teachers and the teaching coordinator as well as the current depart-
mental budgets). I will also try to contact other universities (mostly based
in the United States) employing such interactive tools in their teaching and
obtain feedback about implementation and usefulness of these tools in their
curriculum.

Overview and definition of novel interactive tools

In this paper, I will review three different interactive tools which are ap-
plicable in large lecture teaching: 1. Clickers 2. Flash Cards 3. Interactive
quizzes. Some simple definitions of these tools are as follows:

Clickers

Clickers (also known as Classroom Response Systems (CRS)) are simple
electronic handheld devices used by students to send electronic (infrared)
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responses to the teacher. The device may allow at least two different op-
tions that the students can choose from (usually they have multiple op-
tions). Therefore, the question posed by the teacher must be constructed
to include at least two different possible answers that the students must
decide between. The feedback is directed back to the software and to the
teacher’s computer and may be reported immediately back to the students,
often shown as a graph in percentage of answers for either A, B etc. Most
often, the responses made are anonymous, however, in some clicker pack-
ages software the teacher can choose to track the responses from individuals
over time. The use of clickers has been growing rapidly, in particular in the
United States with the Interwrite PRS RF clicker adopted at the University
of Delawere, and the iClicker at Colorado State University, the University
of Miami and the University of Alberta. Ohio University and the Univer-
sity of Utah currently use Turning Point clickers, which includes Turning
Technology software that can be used through a dedicated clicker, or the
students’ own smart phone or mobile phone. University of Iowa is using a
clicker called ResponseCard.

Flash cards

Flash cards are a low-technology alternative to clickers and generally in-
clude colour, text or image cards that students can raise order to respond
to directed interactive questions during the class. As in the case of clickers,
these are used to respond to multiple-choice questions. Generally there are
at least two card alternatives to choose from. Some booklets are available
with a number of different response alternatives to choose between.

Quizzes

Quizzes are a set of written questions given to pairs or individual students
and may be developed in varying ways. Effectiveness in large classes may
mean adaptation of quiz styles to reflect the class size. Feedback may or
may not be given directly in class. To be considered an interactive tool,
responses should be given and discussed during class.
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Pros and cons of novel interactive tools

Clickers
Pros

There are a number of features in using clickers that are considered advan-
tageous. One is that they give the student a feeling of anonymity in answer-
ing. Their friends by their side may not even know their chosen answers.
This may also lead to a feeling of self-confidence and more willingness to
contribute to giving feedback during class, particularly for those who have
less confidence in speaking up or participating in classes. More importantly
this feedback gives detailed responses to the teacher and statistical feedback
on questions posed which helps the teacher gauge how the students perform
at problem-solving and in grappling with the new themes presented during
class. This feedback can be used to further develop problem solving or get
students to discuss between themselves why these answers were or were
not chosen. In some scenarios, students may be askes to discuss in pairs
why their answer was chosen and then asked to respond a second time,
before the correct answer is revealed. This can lead to an improvement in
responses. It is known as peer instruction and is described by (Bruff; 2009)
and further referred to in figure 3.1.

The types of questions used need not necessarily be restricted to multiple-
choice questions. They may also include: 1. Recall questions (which can
be used to recall facts, concepts or techniques), 2. Conceptual understand-
ing questions, 3. Application questions (where students apply their know-
ledge to particular scenarios), 4. Critical thinking questions (where students
can analyze relationships between multiple concepts), 5. Monitoring ques-
tions (on course design, structure and working dynamics) and many others
listed on the website: http://cft.vanderbilt.edu/teaching-guides/technology/
clickers/.

Molly Morris, an Associate Professor at Ohio University believes that
her students get a lot more out of her class when she uses clickers (see
video link: http://www.citl.ohiou.edu/quickstarts/clickers/stub.html). Pro-
fessor Eric Mazur from Harvard University claims he would not revert to
another teaching style after adopting clickers in his physics class.

Cons

Leslie Madsen Brooks, a pedagogic specialist from California speculates
that there may be some drawbacks with the use of clickers. She also men-
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Brief lecture (=10min)

!

ConcepTest
Students Vote

correct ans <30%

correct ans: 30%-80% | correct ans >80%

h J Y

Revisit Concept Peer discussion (2-3min) Remaining
students fry to convince misconception
each other explained

| / I

| Students revote | Next Topic |

Fig. 3.1. A peer instruction implementation algorithm (From: Lasry (2008)).

tions that there is a price to pay for such technology. Whether this becomes
a cost for the student or the University is something that has to be ascer-
tained by the university curriculum. Bugeja (Retrieved December 8 2010)
reported that a student advisory committee was against clickers as students
deliberately were slowing down the class by selecting incorrect answers.
There is also the potential for students to answer on other students’ click-
ers.

It can also be considered that the impact of the clicker tool relies greatly
on the teacher’s ability to formulate appropriate questions. It also requires
the ability of the teacher to interact with the students and their responses to
generate the most value from the tool. In some cases, training of teachers
in the use of the product would be recommended. Not all teachers will
be open to adapt to such new tools for varying reasons. Added workload
or a lack of willingness to change their teaching style may contribute to
this. Simply launching a new tool within a curriculum does not necessarily
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improve teaching and student learning. It does require teacher training and
instruction on how best to utilize the technology.

Flash cards
Pros

There appears to be little pedagogical difference between flash cards and
clickers, provided the questions are applied in the same way. These tools al-
low for interactive questioning, asking multiple-choice questions etc. They
improve interaction between all students and the teacher and may stimulate
learning by the students.

Cons

When compared with clickers, one issue arises: that votes can only be vi-
sualized by the teacher and the answers can then only be approximated and
not accurately calculated. There is also the concern that students can look
around the room and see the answers being displayed which may make
them doubt their own answer and change to fit the majority of answers be-
ing displayed. There is also less anonymity with flash cards than clickers,
as individuals can be identified for displaying either the right or wrong an-
swer. The lack of anonymity may be a concern for some students. Neither
can the teacher track the response record from students over time, as is the
case with some clicker software programs.

Quizzes
Pros

These are good tools for helping students to engage in a lecture. It improves
their listening ability and concentration. Quizzes are useful if feedback is
given either at the end of class or later in follow-up classes. They may also
be useful for summarizing the main points or concepts in the class and
placing focus on those concepts that are potentially more important than
others. They also induce “active” participation of students in the lecture,
and this may be important in their attitude towards lectures and improve
their motivation.
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Cons

Quizzes may not necessarily improve interactive participation between
teacher and students if they are not applied properly. It may also distract
the student from listening to other key concepts if he or she is mostly fo-
cused on the quiz material. Quizzes are not so useful if feedback is not
given, as the students become unclear whether their answers are right or
wrong. Quizzes need to be designed well if they are to function well. Too
much information can overload and distract the student.

Implementation of novel interactive tools in large class
sizes

In my own classes, I applied both flash card questions and quizzes simul-
taneously to a large lecture hall containing approximately 180 students on
two separate occasions. The flash cards used were of two colours, orange
and blue, thereby allowing only one choice of two alternative answers.
These cards were distributed at the beginning of the class along with the
quizzes.

The aim of the flash cards was to stimulate thinking and motivation and
participation of the students and to ascertain how much they were obtaining
from the lectures. Three flash card questions designed as “True” or “False”
were posed during a 50 minute lecture and followed directly after a partic-
ular topic. The students were allowed to talk in pairs for one minute before
responding and then flash their chosen colour card. The answer was then
revealed and feedback given directly. An example of a flash card question
can be viewed at the end of this chapter. Some questions in particularly
worked better than others. The questions that did not work well, were those
that elicited an almost 100% correct response (i.e., they appeared to be too
easy). Some questions worked much better and gave more mixed results,
which could be followed up in going through the concept again briefly. At
the end of the second lecture, students were asked to use their flash cards
to reveal whether they thought that this tool helped them to acquire the
key points of the lecture. They unanimously voted True, which was very
encouraging.

The aim of the quiz was more for motivational participation by the stu-
dents. In this case, it was necessary for the students to determine three or
four answers, which were mentioned during the PowerPoint presentation
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lecture and were required to fill in the gaps needed. The responses were
then presented at the end of the lecture and the students were allowed to
keep the information, which was on clear anatomical differences between
the different animals that were discussed, as good preparatory material for
the exam. A final flash card question asked whether the students found that
the quiz helped to show fundamental anatomical differences between dif-
ferent animals and they all agreed. There were a few selected cards that did
not show this, which might suggest that a refinement of the complexity of
the quiz could be performed.

Feasibility of application of novel interactive tools

In the case of clickers, if the university decides to invest in this teaching
tool, it is probably worth setying up classroom pilot tests using clickers
from different vendors. There are a growing number of different clicker de-
vices available with a variety of functions and practicalities and it is useful
to test these in advance to find the right one, not only by price but also by
their functionality and applicability to the course(s) being taught. One use-
ful suggestion could be that the students pay the full price of a clicker, and
the campus bookstore pays 50% to buy back the device. It is also a consid-
erable advantage to have a multichannel device, so that nearby classrooms,
which may also be using the device, are not affected by the same channel
being used. It may also be an advantage if the teacher has the possibility to
track answers made by individual students which gives them the ability to
track the progress of students during the course and to make changes during
the term to match the progress. Ultimately these decisions are made accord-
ing to the curriculum and this needs to be made to an educated decision. The
teachers need to be informed of the considered values of the clicker and the
warrant for its introduction into lectures. It may be worth beginning with
flash cards, in this case, to gain the students’ and teachers’ appreciation of
interactive teaching with large class sizes before such decisions are made.

Flash cards and quizzes are easily implemented into teaching and cer-
tainly do not come at any cost to the institution. It is more up to the teacher
to take upon the decision to bring in interactive teaching into his or her
classes. Spreading the word through colleagues or introducing fellow teach-
ers and colleagues to one’s own classes may open up the discussion and
potential spread of such interactive tools.
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Quizzes need to be designed well in order to function well. They need to
be relatively short and precise and focus on important concepts and themes
in the lecture material. Careful consideration of the types of questions posed
in quizzes is also important. Multiple-choice questions work well, as do
short one-word or short-phrase responses. The key is not to distract the
student from the lecture, and provide time during the lecture for the student
to be able to respond. Getting interactive responses from the students could
be performed in combination with flash cards to get immediate feedback on
the answers provided.

Reflections on use of novel interactive tools

“Each instructor’s choices regarding how to use these systems depend on
his or her teaching goals and context. A type of question or a structure for
a classroom activity that uses clickers might work well for one instructor,
but not as well for another instructor teaching a different kind of course in
a different discipline to different students”. (Bruff; 2009, p. 13)

Therefore, it is important that the use of the clickers remains flexible,
but still obtains maximal output from the students, that is, improved learn-
ing.

In an article written by (Lasry; 2008), a Physics professor from John
Abbott College in Montreal, Canada, summarizes that from a teaching per-
spective, there are significant advantages in clickers compared with flash
cards, as they give precise feedback and store students’ responses. How-
ever, from a learning perspective, there are no significant advantages for
the students in using clickers compared with flash cards. His concluding
sentence is “The pedagogy is not the technology by itself”.

The benefits of both clickers and flash cards definitely appear to out-
weigh their disadvantages. I think, from an economical perspective, it may
be worth beginning with flash cards before convincing the teaching ad-
visory boards to invest in clickers. If economy is not an issue, then they
should seriously be considered. Given the positive feedback from lectur-
ers and professors using clickers in the United States, it seems that there is
more to gain than to lose in applying them in the teaching environment.

In retrospect on my own application of flash cards and quizzes, I did
note an advantage in using them in large lectures. The students did appear
engaged and responded well to both tools. Some members of the class even
came down to me afterwards with some positive words of encouragement
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on the use of flash cards and quizzes. However, there are ways of adapt-
ing and improving the use of them in class. Next time in my own class,
I would add one or two additional colour options for the flash cards, giv-
ing the students more options and more opportunity to reflect on right and
wrong answers. A 50/50 scenario with two cards could be a little too limit-
ing. In addition, I think the quiz could be refined so that less information is
presented and there is more discussion afterwards of the answers. Further
quizzes could be designed which also pick out main concepts from the lec-
ture. Gaining further feedback on these tools from the students is also vital
to ensure that they benefit from them.

A Example of a flash card question given in lecture 1

Flashcard question

The uteri of domestic mammals can be defined as a
uterus duplex.

FALSE?

FALSE - The domestic mammals have a uterus
bicornis (partly fused, partly separated)
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How to enhance student learning by improving
the lecture format

Brian Mgller Andersen

Niels Bohr Institute, SCIENCE, University of Copenhagen

Introduction

During Blok 2 2010-11 I taught the graduate physics class “Condensed
Matter Theory I” at the Niels Bohr Institute, University of Copenhagen. The
course has been running for a number of years and the intended learning
outcomes (ILOs) and the teaching and learning activities (TLAs) are, to my
mind, well aligned with the exam (Biggs & Tang; 2007). The ILOs clearly
state what the students are expected to be able to do after completing the
class and the exam tests this. During the course the students (in groups or
individually) have to complete and hand in four written assignments. They
receive formative feedback (Biggs & Tang; 2007). The exam is constructed
as a fifth written assignment, which they have 24 hours to complete.
Inspired by the KNUD programme, our pre-project (“How does the lec-
ture format influence student learning?”’), and Mazur’s (1997) ideas about
the didactic game of peer instruction, I became motivated to try new me-
thods to make the lecture format more interactive with the purpose of acti-
vating the students and thereby enhance their learning outcome during the
lectures. Some previous inspirational KNUD projects on changes in the lec-
ture format have also served as inspiration for this project (Schneider; 2007;
Xella; 2009). I was solely responsible for the planning of the class as well as
the teaching, which gave some advantages with flexibility to intertwine lec-
tures and exercise classes. I attempted to “measure” the learning outcome
by anonymous questionnaires about the content of the lecture immediately
after the sessions and also by observation of the student activity level. Ad-
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ditionally, I gave the students a questionnaire at the end of the course about
their views on the different activation activities used throughout the course.

The potential problem with lectures

What is the problem? Depending on the particular course, the particular lec-
turer, and the students there may not be a problem. But the aim is clear; to
increase the learning outcome during the time the teacher and the students
spend together. Traditional lectures are often hampered by an important
problem, namely the misconception that student learning equals attentive
listening. According to Mazur, we want to avoid the situation where a lec-
ture becomes “a process whereby the lecture notes of the instructor get
transferred to the notebooks of the students without passing through the
brain of either” (Mazur; 2009). Even with highly motivated students as in
the present specialized course with just 20-25 students, the level of concen-
tration drops significantly after approximately 15-20 minutes (see, e.g., the
excellent Chapter 2 of Forsvarskommandoen (1989)). A 45 minute lecture
with a monologue by the instructor introducing highly technical concepts
comes with a large risk of 1) loosing a large fraction of the students, 2)
de-motivating a large fraction of the students, and 3) simply wasting every-
one’s time because the students are not susceptible to learn any more.

After having given some of these tour-de-force lectures myself in the
past, the blank glare in the eyes of the students remaining awake clearly sig-
nifies that the learning outcome could be improved by changing the lecture
format into a more interactive style. The philosophy is simple: you learn by
doing, by making mistakes, and by learning how to undo these mistakes.
According to a worldwide study we know that the learning outcome nearly
triples by using an interactive teaching style centred on student involve-
ment (Fagan et al.; 2002; Peer Instruction: From Harvard to Community
College; n.d.). It is exactly this fact that motivated the present study. Is it
still true that more activation of students during the lectures increases the
learning outcome in a small and rather technical course of physics graduate
students?

Improving the format of lectures

Personally, I very much prefer a problem-based learning (PBL) style (Biggs
& Tang; 2007). However, the present course is very tool-oriented and the
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students are constantly introduced to new rather abstract concepts. For this
reason, | had trouble using PBL more than sporadically to illustrate some
problem (which was unsolvable for the students) and thereby motivate the
introduction of new methods. In addition, most of the students were actually
very motivated already since they had specifically chosen this class because
of their interest in the subject. Instead, I chose to introduce the following
items into the lectures in order to enhance student activity (and thereby,
hopefully, their learning):

1. Lectures and problem sessions were merged in order to shorten the
lectures in the 20 minute sessions followed by individual or group work
on a problem related to the past 20 minutes of lecturing.

2. Students were grouped together to discuss their solutions and help each
other to reach consensus on the problem.

3. Depending on the specific problem, some groups presented their results
followed by group discussions.

4. Students took turns to prepare a 10-15 minute part of the lecture (peer-
learning).

5. During lectures I was very conscious of the need to ask the students
questions regularly. Depending on the question or “active thinking ac-
tivity” (ATA), they were supposed to answer right away, or briefly con-
sider and discuss the question before proceeding.

6. Whenever suitable I introduced research papers and presented visual
computer simulations to put another perspective on the material at
hand.

Other ideas of student-activating TLAs can be found in Biggs and Tang
(2007).

Results

In the beginning of the course, the students were handed a short question-
naire about their exposure to various lecture formats and their general pref-
erences in this matter (Appendix A). The first noteworthy result was that
on average 94% of the lectures that the students had attended were of the
“traditional” monologue lecture format without student participation. This
shows that this style is still by far the dominant teaching format at most
universities. Half of the students claim to accept this format (although they
have not been exposed to other lecturing formats) whereas the other half
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find it problematic due to minimal personal participation. The students es-
timate that they lose concentration after approximately 15 minutes. The
majority (90%) of the students prefer group work to solve problems and
enhance their learning by peer instruction. They have concerns, however,
about wasting time if the group is too large, and also many of them stress
the importance of the participants in each group being on an equal level.

In order to measure the effects of introducing some of the above six
items into the teaching, I decided to use two lectures in the old-fashioned
style consisting of teacher-monologue interrupted by just a few questions
(by the teacher or the students) as a reference point. After these 2x45
minute sessions, we had 2x45 minutes of problem sessions where the stu-
dents worked individually on solving a number of problems related partly to
the material covered in the lectures on the same day, and partly to a previous
lecture. The solutions were discussed by the class afterwards. At the end of
the 4 x45 minutes, I gave the students a questionnaire about the main items
covered on that particular day. The questionnaire consists of eight ques-
tions, four testing their ability to repeat an important result, and another
four testing their deeper understanding of the newly introduced concepts
(see Appendix B for an example). The former (latter) is referred to as a
“superficial” (“fundamental”) question. Of course, I realize that these ques-
tions do not properly test the declarative knowledge of the student, but it
does give an idea about their initial learning outcome. In the case of the
old-fashioned instructor-monologue lecture format, the results of the ques-
tionnaire are seen in the histogram plot (Fig. 4.1).

The y-axis shows the percentage of correct answers to the superficial
(blue bar) and fundamental (red bar) questions. I performed this kind of test
after two lectures, referred to as lecture 1 and lecture 2, which had eleven
and fourteen participating students, respectively. Evidently the scores are
disappointingly low. Personally, I was rather surprised to see these low
scores. It does agree with the students’ own feedback, however, that they
lose their concentration after 15 minutes. This means a rough estimate of
one-third (half an hour) essential “learning time” and two-thirds (one hour)
wasted time during lectures. Although it is not completely clear, it seems
that the exercise classes following the 2x45 minute lectures did not play
a key role in changing the learning outcome of the session on these two
days. This makes sense since the majority of the students did not learn the
material during the proceeding 2x45 minute of lecturing. How then were
they supposed to solve the related problems?
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Fig. 4.1. Histogram showing percentage of correct answers to superficial (blue bar)
and fundamental (red bar) questions for two different lectures of the traditional
monologue lecture format.

Two questionnaires similar to the ones given after the non-student-
centred lecture format discussed above, were presented to the students af-
ter 4x45 minutes with intertwined lectures and exercise classes (see e.g.
Appendix C). In addition, several of the six items outlined above were in-
troduced into these sessions. The lecture parts never exceeded more than
15-20 minutes and I took care to ask several questions during these lecture
stretches. The results of the questionnaire are seen in the histogram plot
(Fig. 4.2).

For these results lecture 1 and lecture 2 consisted of thirteen and eigh-
teen students, respectively. Evidently the percentage of correct answers
has dramatically increased and the learning outcome seems to have sig-
nificantly improved, by a factor of three! Similar to the results from the
old-fashioned monologue lecture format, there is no noticeable difference
between the superficial and fundamental questions; they have both been
enhanced by roughly the same amount. It is peculiar that this study finds
the same enhancement in the learning outcome by a factor of three simi-
lar to the comprehensive survey reported in Fagan et al. (2002) and Peer
Instruction: From Harvard to Community College (n.d.).
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Fig. 4.2. Histogram showing percentage of correct answers to superficial (blue bar)
and fundamental (red bar) questions for two different lectures containing the six
items outlined in the above section “Improving the format of lectures”.

Discussion

It is remarkable how the simple tests performed during this course have
confirmed the superiority of the student-centred teaching format. Of course,
one can question the (large) statistical uncertainties in this survey, and one
might discuss the particular questions asked in the questionnaires. Never-
theless, I think the trend is very clear; the learning outcome is enhanced
significantly by continuously activating the students, and keeping the “tra-
ditional” lecture stretches below 20 minutes.

Another less measurable difference between the two lecture formats in-
vestigated in this project is the overall atmosphere in the classroom. I find
that student-centred activities naturally give rise to a positive learning en-
vironment. This is largely because such activities “break the ice” and the
students quickly become used to doing something or discussing something
with their peers during the lectures. Once this kind of environment is es-
tablished, new questions are naturally generated and the barrier that would
often exist to asking the instructor or peers has already been broken down.
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As an additional spin-off, the sessions tend to be a lot more interesting for
the teacher as well.

Halfway through the course, the students were given a short question-
naire about the lecture format and their estimated workload for this course.
This questionnaire was intended mainly to correct the pace of the lectures
or the exercises. For the present study, it is interesting that all (except one)
found the pace of the lectures satisfactory. This was irrespective of whether
I used the old-fashioned lecture style with minimal student involvement or
the activated-student lecture format. The reason that students did not com-
plain about the pace being too fast during the long 2x45 minutes monologue
lecture is probably that the pace was appropriate, but that they simply got
tired, lost their concentration, and the material presented just did not regis-
ter. At this point, halfway through the course, a small (but sizable) fraction
of 15-20% of the students “complained” that they missed the standard for-
mat of 2x45 minute lectures followed by 2x45 minute exercise classes.

The opinion of the students was followed up at the end of the course by
a questionnaire with explicit questions about their preference for the lec-
ture format (Appendix D): 80% of the students preferred the “new” lecture
format for the following main reasons:

Easier to stay focussed in shorter lecture stretches.

Exercises came at opportune time.

Activation by questions and peer discussions helped pinpoint which is-
sues are not properly understood.

On the other hand, 20% of the students preferred the “old” lecture for-
mat but half of these still prefer lectures with questions and good discus-
sions whereas the other half prefer a 2 x45 minute monologue lecture. They
question what they can learn from peers and point out a problem with in-
tertwined lecture and problem sessions: wasted time for the good students.
Regarding the former, I simply disagree. Even if they cannot learn much
from their peers, they can still learn a lot from discussion with them and
explaining the physics to them. Regarding the latter, I agree that there can
be a potential problem in the sense that very good students end up wait-
ing for the rest to catch up before the next part of the lecture can proceed.
There need to be additional problems or follow-up questions to challenge
these students.
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Conclusions

The learning outcome can be significantly enhanced by planning student-
centred and student-activated lectures. This is true even in small graduate
classes where the students are supposed to learn how to work with new
theoretical tools, i.e., in rather technical courses. The present study showed
that the learning outcome is enhanced by a factor of (approximately) three
by this method. This increase is valid both for the deeper understanding as
well as the ability to use and remember newly acquired tools and results.
While most of the students prefer the “new” lecture format this opinion
is not unanimous. A minority of the students preferred the old-fashioned
style with much less student-instructor interactions during the traditional
2x45 minute lectures. I speculate that this may be related to the fact that it
is easier to remain inactive/passive, whereas continuing student challenges
during lectures is more demanding for students. When lectures and problem
sessions are intertwined special care must be paid to the stronger students
to that they are challenged throughout the whole session.

A Student questionnaire on ‘“How to enhance student
learning by improvement of the lecture format”

Below, the phrase “traditional lecture format” refers to non-interactive lec-
turing where the teacher alone presents the material on the board/computer
and asks only very few questions from the audience.

1. During your previous courses what percentage (roughly) have been by
the traditional lecture format?

2. Do you like that way of learning? Why/why not?

3. How much of a 45 minute class would your brain tend to go on
standby? What would it take to avoid this “zoom-out” state?

4. What other format have you been exposed to in lectures? Did any of
them enhance your learning?

5. Do you find that group work makes you learn better? Why/why not?

6. Other comments/remarks:
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B Small set of questions for today’s lecture: 4 December,
2010

—

Nk

What is the meaning of A(t) in the imaginary time formalism?

What is the definition of U(p,0) (words or equation)? What expression
for U did we derive today?

We used U(B,0) to derive an explicit expression for — (Tt (A(T)B(T'))).
What was this expression?

What are ion for fermions?

What is the free Green’s function in terms of Matsubara frequencies?
What reasons are there for introducing the imaginary time formalism.
Why did we have to learn how to perform sums of Matsubara frequen-
cies?

How is the imaginary time formalism related to what we have studied
earlier?

C Small set of questions for today’s lecture: 7 December,

2010

1. Why is Wick’s theorem important for arriving at the Feynman dia-
grams?

2. What is the Master Equation for the full Green’s function G(b,a) that
we derived today?

3. How would you draw an expression containing
W11°"W22°G0(b,1”)G0(1,2)G0(1°,1)G0(2,2°)G0(2°,2)?

4. Is it possible to write the full Green’s function G(b,a) in terms of only
connected diagrams? Why/why not?

5. How would you draw (U(j3,0))0 to 1. order?

6. What is a Feynman loop and what is the importance of the number of
these beasts for a given diagram?

7. Our formalism is for imaginary time. But where exactly does tempera-
ture T enter a given Feynman diagram?

8. How many of the 6 Feynman Rules do you remember?
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D Small set of questions to lecture format: 4 January,
2011

During this course we have had different formats for the lectures. This ques-
tionnaire asks your opinion about these.

1.

Which do you prefer: (A) Standard 2x45 minute lectures followed by
2x45 minute problem session, or (B) mixed lectures and problem ses-
sions with shorter stretches of lecturing by the teacher?

What are your reasons for choosing (A) or (B)?

. Do you think you learn more/better with format (A) or (B), or does it

not matter.
What is your preferred lecture format?

. Often during the lectures we have had a student present a small section

from the book. Did you like this? Why/why not?
During some lectures the teacher has asked many question to the audi-
ence. Do these help you? Why/why not?

. Do you have any suggestions on how our 2x4 weekly hours together

could have increased your learning outcome?
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Designing a Course in Agribusiness Economics
that Encourages Active Student Participation

Arne Henningsen

Institute of Food and Resource Economics, LIFE, University of Copenhagen

“Learning takes place through the active behavior of the student”

Ralph W. Tyler (1949)

Introduction

This report describes how I designed and taught the MSc course Agribusi-
ness Economics II”! and evaluates the various teaching methods and mea-
sures that I used.

The course Agribusiness Economics II gives 7.5 ECTS points and
should have a total workload of 206 hours. Eight weeks are designated for
teaching and one week is for the exam. Classes can take up to 12 hours per
week, and the lecturer is free to allocate different teaching methods (e.g.
lectures, exercises, group work). I was the only teacher of this course, al-
though I received some assistance from a PhD student, for example, in the
practical exercises.

As the title of the course is rather vague and my research interests differ
considerably from those of the previous teacher, I changed the content of

! The course is taught at the Faculty of Life Sciences of the University of Copen-
hagen and has the course number 290050. It coincides with the second part of
the Thematic Course: Agribusiness Economics (course number 290062), which
is compulsory for students who follow the MSc programme in Agricultural Eco-
nomics and choose the specialization “Agribusiness and Food Economics”. Usu-
ally, a few students from other specializations or other MSc programmes take
this course as an elective course.
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the course so that it fitted better with my research interests. When I selected
the content of the course, I considered four criteria: (i) the content should be
comprised of topics which are generally considered to be important aspects
of a curriculum in applied (agricultural and agribusiness) economics; (ii)
the content should be covered by the intended learning outcomes (ILOs) of
the study programme; (iii) the content should not be covered by any other
course at our faculty, and, (iv) the content should be related to my research
areas in order to facilitate stimulating research-based teaching. Based on
these criteria, I chose two topics: (i) reducing price risk by using futures
markets (two weeks) and (ii) applied econometric production analysis (six
weeks). In both parts of the course, I focused on agribusiness firms and con-
centrated on practical applications, as I was sure that most students would
benefit (e.g. in their future jobs) from practical skills and competences more
than from theoretical knowledge.

This year, fifteen students participated in the course: five were Danish,
three came from other European countries, five came from Sub-Saharan
Africa, and two from Asia. As these students came from different uni-
versities and had degrees in different subject areas, I expected that their
prior knowledge in the subject areas relevant for this course (e.g. microeco-
nomic production economics, econometrics, statistics, mathematics) would
be very heterogeneous.

As students learn best when they are active (see e.g. Tyler; 1949; Biggs
& Tang; 2007, p. 21), I designed the course in a way that would “acti-
vate” the students. The general approach to teaching was “problem-based
learning” and I tried out various teaching methods that are supposed to ac-
tivate students. Furthermore, the intended learning outcomes (ILOs), teach-
ing methods, and the exam should be constructively aligned.

In the following section, I will describe the most important teaching me-
thods that I used during the course, present my reasons for choosing them,
and evaluate their success. In the third section, I will present an overall
assessment of the course. The fourth and last section concludes.

Teaching methods

Problem-based learning and the use of textbooks

The general teaching method that I used on the course was “problem-based
learning”. Hence, I did not go through a textbook page by page, rather the
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problem that had to be solved determined which part of the theory and
hence, which pages of the textbook were relevant. As the students will
probably have to find the relevant information and theories on their own
at a later date (e.g. in their job or when writing their thesis), I told them that
they should practise these skills by finding the relevant information them-
selves. I suggested a few textbooks and left it to them to select the one they
liked the most. This also meant that the students had to reflect on the kind
of information they needed from the literature, which should further in-
crease their learning. To facilitate this, I provided a lecture schedule on the
e-learning platform for the course” where I listed the topics for each class
so that the students could easily find these keywords in the index of their
textbook. However, some students felt uncomfortable with this and a few of
them complained and said that they would rather have traditional lectures,
where the teacher goes through a textbook page by page. As a compromise,
I added the numbers of the relevant pages in the primary textbook (Cham-
bers; 1988) to each topic in the lecture schedule on the e-learning platform
so that the students could find the theories which were taught during class
even more easily (e.g. if they did not attend the class). Furthermore, the
library only provides a very limited number of copies of the suggested text-
books so that most of the students had to buy their own. As they did not
want to buy more than one textbook, or take the risk of spending money
on the “wrong” textbook, all the students obtained the primary textbook.
Of course, this somewhat contradicts the intended learning outcome, but I
could understand that the students did not want to gamble with their money
and I thought that it did not make sense to overstrain the students, who
had not experienced problem-based teaching before, with a change in the
teaching method that was too substantial and abrupt.

However, in general, I think that the problem-based learning approach
was very successful: the students were usually very motivated and active
and were rarely idle during classes, whilst most of them generally took a
“deep” approach to learning. Furthermore, most of them liked this way of
teaching very much. When I teach my next course, I will first check the
availability of textbooks in the library and explore how familiar the stu-
dents are with the problem-based learning method and then decide whether
I should refer to several textbooks or just focus on a single textbook. Finally,
as problem-based learning requires the students to think independently and

2 The University of Copenhagen uses the e-learning system “its learning” (http:
/lwww.itslearning.eu/) and calls it “Absalon”.
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to apply their theoretical knowledge, it is more demanding for students than
traditional lectures. Hence, one should not expect that all the students will
be happy with this teaching method.

Pre-assessment and catch-up sessions

As I expected that the prior knowledge of the students would be very hetero-
geneous, I conducted a pre-assessment of the students. This pre-assessment
showed that their prior knowledge was less heterogeneous than I had ex-
pected, but it was generally rather low. Almost all the students had sig-
nificant gaps in their knowledge about the basic concepts of production
economics (e.g. production function, marginal product) and basic calcu-
lus (e.g. simple operations with fractions). These findings were confirmed
in the problem-based exercises when the students had difficulty solving the
exercises because of their lack of knowledge in basic production economics
and basic calculus. Therefore, I offered a few short catch-up sessions in ba-
sic production economics and basic calculus during the first two weeks.
These sessions were either at the beginning or at the end of a class so that
students could easily skip the sessions. I think that these catch-up sessions
brought the students’ knowledge up to standard so that they could solve the
exercises, although a few students complained that basic topics should not
be taught on an MSc course. Hence, in the future I will communicate more
clearly to the students that these catch-up sessions are voluntary. Alterna-
tively, I might even skip the catch-up sessions and suggest books to the
students that they can use to fill the gaps in their knowledge, i.e., also allow
the students to use problem-based learning to fill their knowledge gaps.

Long classes

A maximum of twelve hours per week can be used to teach this type of MSc
course, although most teachers use nine or less hours. However, I decided to
use nearly all twelve hours per week for teaching, which gave me sufficient
time for extensive practical exercises, thorough repetition, and some extra
sessions such as catch-ups, quizzes, and interactive preparation of lists of
definitions (see below). I consider this to be an important advantage, as
usually only a few students do voluntary homework exercises and repeat at
home. As weaker students often do not benefit from individual homework
(Wiere & Gingler; 2008), these classroom repetitions should be particularly
supportive of these students.
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I think that using the maximum available time was a good decision, as
the practical exercises and the repetition sessions definitely supported the
students’ learning, particularly the learning outcomes of the weaker stu-
dents. Furthermore, the students liked the extra sessions (e.g. quizzes) very
much and only a very few mentioned that the classes were too long.

Hands-on learning

My primary aim for this course was that the students should learn practi-
cal applications in the areas of futures markets and econometric production
analysis, as most students will benefit much more from these skills and
competences than from pure theoretical knowledge. As practical skills can
be only learned by practical applications, a large proportion of the classes
was devoted to practical exercises. For instance, the students had to pro-
tect a (virtual) firm from losses due to price changes by trading (realistic)
futures contracts on a virtual futures trading platform?, or they had to find
out the optimal firm size by using microeconomic production theory, data
of individual firms, and econometric software.

Given that I used the problem-based learning approach and that we fo-
cused on practical applications, the students only learned those parts of
the theory that were relevant for answering the addressed questions (prob-
lems). Of course, I selected and formulated the questions (problems) so
that the most important parts of the theory were covered. When conducting
the practical applications, most students really “internalized” the theoreti-
cal background. Hence, I did not consider it problematic that the course
did not cover a wider range of theories as I consider the “deep learning”
of a limited amount of theory to be much more desirable than the “surface
learning” of a much larger amount of theory that the students cannot apply
and quickly forget after the exam.

While most students appreciated this hands-on approach very much,
a few of them attached little value to the practical skills and compe-
tences. These students complained that they learned too little (theory) on
the course. For instance, a part of the theory that they used for their

3 This futures trading game is organized once a year by the Commodity Fu-
tures Trading Group of the University of Kiel (http://www.bvwtm.uni-kiel.de/
en_index.html). Many different futures contracts can be traded in the game. The
contracts have exactly the same specification as real futures contracts and prices
are also taken from the real futures contracts.
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practical applications had already been taught on the BSc course “Pro-
duktionsgkonomi” (production economics). However, the students had not
learned how to apply this theory for econometric production analysis. As
some students did not assign value to the learning of these skills, they
complained that they did not learn anything during the lectures*. However,
while at the beginning of the course none of the students could conduct the
empirical analyses, let alone the interpretation of the results, most of them
had become very skilled at this by the end. Furthermore, most students con-
sidered the academic level of the course to be suitable (see section “Overall
evaluation of the Course” and figure 5.1(b)). Therefore, I will continue to
focus on the application of economic theory rather than teach pure theore-
tical knowledge in my future courses.

Dialogue teaching

During the actual teaching, I used the method “dialogue teaching”. I asked
questions to guide the students so that they found the answers and solved
the problems themselves rather than telling them the solutions straight-
away. This should encourage students to really think about the topic and
hence, support the deep approach to learning (see e.g. Biggs & Tang; 2007,
p. 22ff). Furthermore, students should become aware that they can find an-
swers and solutions on their own, which should increase their confidence
in their abilities. Finally, I think that this way of teaching reduces the like-
lihood that students will be idle or drift away with their thoughts during
sessions, as I engage them in the “dialogue”.

To facilitate communication with the students, I learned the students’
names very quickly (which was actually not very difficult with just 15 stu-
dents). If no student volunteered to answer, or only those who had already
contributed a lot, I encouraged individual students to share their thoughts
with the others. However, two students told me that they did not like to be
asked questions unless they raised their hand; I respected their wish.

If no student knew the answer to my question right away, I asked the
students to discuss the question with their neighbours for two minutes and
I repeated the question to be sure that all the students knew exactly what

4 Although these students claimed that they had already learned this theory, they
were usually unable to recall, let alone apply it. In fact, the students who had
taken the course ‘“Produktionsgkonomi” were on average no better at solving the
theoretical exercises in the written exam than the students who obtained their
previous degree from another university.
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they were supposed to discuss. This really “activated” the students and they
often found the answer after discussion, or they at least got much closer to
the solution. This was a nice psychological break for the students, and some
were even able to discuss in their native languages (Danish and Swabhili),
whilst it also gave the teacher a welcome short break.

During these lectures, I visualized all important statements on the black-
board and I did not project slides onto the wall, as dialogue teaching is
driven by the students and I could more easily follow the students’ way of
thinking on the blackboard. In contrast, slides cannot be adjusted in real-
time which means that I would either have to force the students to go “my
way”’ or a situation might arise whereby the sequence of concepts presented
on the slides might deviate from the development of discussion during the
lecture — both procedures are very undesirable.

I am very satisfied with this way of teaching, as the students in general
were actively thinking and searching for a solution and they were not afraid
of giving the wrong answer. Furthermore, most students liked this way of
teaching very much. For example, one student (No. 4) wrote in the course
evaluation “I like his way of teaching, because somehow everybody gets to
understand” and a further student (No. 8) wrote “it was never boring”.

However, as this teaching method — likewise problem-based learning
— is more demanding for students than traditional lectures, one should not
expect that all students will like it. For instance, one student (No. 9) made
the following criticism in the course evaluation: “It seems like he wants
us to discover everything on our own” (which is indeed the aim of dia-
logue teaching). Furthermore, some students preferred to be given the lec-
ture slides. As I understand this request, but I would like to continue using
the blackboard in future courses, I plan to take a photo of the blackboard
before I clear it and make these images available to the students on the
e-learning platform.

Homework assignments and peer assessment

The ILOs of this course stress practical skills and competences in particular.
As performing practical applications is the best way to achieve such ILOs,
it is important that the students not only practise this during class, but also at
home. Therefore, I planned homework assignments for the students, which
I wanted to implement in such a way as to achieve the following objectives:
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e the students should not do the homework assignments individually,
but in groups so that they can learn from each other and learn to dis-
cuss and communicate the theories, methods, and results,

e the students should have a strong incentive to prepare their homework
assignments thoroughly, because in my experience, many students —
and particularly the weaker students — are not very motivated to do
voluntary homework assignments and they often do not do them at
all,

e students should only receive formative feedback on their homework
assignments, because — in contrast to summative feedback — this sup-
ports students’ learning (Butler; 1988; Black & Wiliam; 1998),

e students should give and receive feedback on each other’s homework
assignments, as this allows them to learn from each other and to reflect
on their own assignments, and

e finally, the grading of the students should not be based on the assess-
ment of group work, as this is prohibited by Danish law.

All these objectives were achieved by the following procedure:

The students were given six homework assignments during the course
(one per week, from the second week to the seventh). They were supposed
to solve the assignments in groups and upload them to the e-learning plat-
form within one week. Every group was given another group’s assignment
and was asked to provide formative (peer) feedback to the group that had
prepared the assignment (again within one week). After receiving feedback
from their peers, the groups were allowed to revise their assignments and
to update the version on the e-learning platform. At the end of the course,
there was an oral examination, during which the students were supposed
to explain (“defend”) one of their group’s homework assignments. About
30 minutes before the oral exam, the students randomly drew one of the
assignments. They received a print-out of the selected assignment, which
their group had uploaded to the e-learning platform, so that they could pre-
pare themselves for the exam.

Some students claimed several times that they felt uncomfortable with
receiving feedback “only” from fellow students. They urged me to give
them the solutions to the homework assignments. However, as providing
solutions to exam questions before the exam encourages rote learning rather
than “deep” learning, I did not provide the solutions and I explained why to
the students. However, as a compromise, [ went through all the revised ver-
sions of the students’ homework assignments and gave them brief formative
feedback. This procedure still provides a large incentive for the students to
carefully prepare and read the peer assessment reports, because they can
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improve their homework assignments after receiving the peer-feedback, but
not after receiving feedback from the teacher. At the same time, the students
could feel more relaxed and confident during the oral examination, as they
had been told if their assignments had major flaws and they had been given
time to figure out the correct solution if necessary. Of course, they also had
the opportunity to discuss their solution not only with their fellow students,
but also with their teacher.

All the groups submitted all the assignments and the quality of the
homework was generally very high. Also, the peer assessment, in general,
went very well. Most students found the peer assessment really helpful and
most groups significantly improved their assignments after the peer assess-
ment. However, a few students claimed that the peer assessment was a waste
of time and one group refused to provide any (useful) feedback to the other
groups. The oral examination showed that most students seemed to have ac-
tively participated in the preparation of the homework assignments, as they
were able to explain exactly what their group had done in the homework as-
signment. However, a very small minority of students seemed to have been
“free-riders” during the preparation of the homework assignments and they
were therefore, unable to explain what their group had written. Hence, this
seems to justify the prohibition of grading according to group work.

Overall, I think that the procedure for the homework assignments was a
successful strategy for supporting the students’ learning. Furthermore, the
students evaluated the homework assignments very positively in the course
evaluation. For instance, one student (No. 1) wrote, “The assignments —
good opportunity to reflect on classwork”, whilst another student (No. 10)
wrote, “The weekly assignment made me reflect on [...] what was being
taught in the course”, and a further student (No. 13) wrote that “the home-
work [...] gives room for the students to work together and practise what
they learn in class”.

Interactive list of definitions

The students urged me several times to give them a list of all the definitions
used in the course. As I thought that giving them such a list just would sup-
port rote learning, I chose an interactive way of preparing the list. First, I
created a “process-oriented document” on the e-learning platform, where
the students could add the definition of any relevant term. Then, I wrote the
most relevant terms on small pieces of paper. During one class, I distributed
these pieces of paper among the students and asked them to add the defini-
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tions of these terms to the above-mentioned “process-oriented document”.
While the students added these definitions, I went through all finished defi-
nitions and either wrote that they were correct or pointed out the things that
were either unclear or incorrect. In any case, the student who had added
the definition, or any other student, could improve the definition. This went
very well and after about 45 minutes, the students already had a sizeable,
albeit incomplete, list of definitions. I told the students that they should
continue to improve the existing definitions and add new ones at home un-
til the end of the course. I also suggested that they use the document to
discuss and comment on each others’ definitions. Furthermore, I promised
to look at their definitions every few days and to give feedback on each
single definition. However, while the introductory session within the class
went very well, only a very few students later revised and added a small
number of definitions at home — even though I reminded them to continue
the list several times. Hence, it seems that the students found the list of
definitions less useful than they initially thought. Therefore, I am unsure
whether I will use this teaching method in my future courses.

Quizzes

About once a week, I used a “quiz” for assessing, completing, and rein-
forcing the students’ learning outcomes regarding the topics taught in the
previous lectures. I prepared slides with one multiple-choice question on
each. For each question, four possible answers (named “A”, “B”, “C”, and
“D”) were given, with only one out of the four answers being correct. Each
student got four answer cards with “A”, “B”, “C”, and “D”, respectively,
written on them. The answer cards had four different colours, with each
colour corresponding to one of the four letters. The colours make it easier
and quicker to grasp (for the teacher as well as for the students) which an-
swers have been chosen by the students. For each of the questions, I showed
the corresponding slide and read the question and the four possible answers
aloud. The students could think about the correct answer for around one
minute (depending on the complexity of the question), and then I asked the
students to show the answer card, which they thought was correct. I sub-
sequently encouraged the students to discuss the possible answer with one
or two fellow students who had shown a different answer card. When I no-
ticed that the discussion among the students had declined considerably, I
again asked the students to show the answer card, which they thought was
correct to see whether the discussion had increased the number of correct
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answers. Finally, I revealed the correct answer and — if several students had
still got the wrong answer — explained why it was correct and why the other
answers were incorrect.

I am generally very satisfied with these quizzes. They provide very
helpful feedback on the students’ learning progress for the students as well
as for the teacher. While usually more than half of the students showed the
wrong answer card in the first round, most students showed the correct card
after discussing the questions with their fellow students. Hence, it seems
that the students who showed the correct answer card in the first round
were able to apply their knowledge and convince the others. On the other
hand, the students who showed the wrong answer card in the first round,
but the correct answer card in the second round, had obviously increased
their knowledge. This assumption was also affirmed by the students. For
instance, after one of the quizzes, one student told me that he had learned
several things during the quiz, although he always showed the correct an-
swer already in the first round. Furthermore, many students mentioned in
the course evaluation that they found the quizzes extremely useful and fun.

Overall evaluation of the course

The course evaluation shows considerable disagreement among students
about the overall quality of the course. Two students (No. 2 and 9) strongly
disliked the course and gave very negative comments. For instance, one of
the two students wrote “This part of the course has not worked at all for me
and 1 think that it is a shame”, whilst the other wrote, “the course has been
crap”. A few students urged me several times during the course to teach
in a more traditional way. However, as many scientific studies have shown
that traditional lectures are a rather inefficient teaching method coupled
with the fact that most of the students liked the course as it was, I only
granted some of the students’ requests (e.g. providing the page numbers in
the textbook, additional assessment of the homework assignments by the
teacher) whilst I also tried to convince them that problem-based learning
has many advantages over traditional lectures.

However, the majority of the students really liked the course as it was
taught (Fig. 5.1(a)). These students wrote, e.g. “The course met my ob-
jectives” (student No. 1), “all in all I found the course very interesting”
(student No. 5), “The topic was relevant to me” (student No. 7), and “I did
learn a lot” (student No. 8).
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Furthermore, most students considered the academic level of the course
to be suitable; only three students considered it to be too low whilst three
students thought it was too high (Fig. 5.1(b)).
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Fig. 5.1. Students’ overall evaluation of the course and the academic level. Note:
“(dis)agree” is an abbreviation for “I very much (dis)agree” and “neither/nor” is
an abbreviation for “I neither agree nor disagree”. The same is true also for all
following figures.

The course evaluation also shows that I was very successful in reach-
ing one of my main objectives for the course; namely the “activation” of
the students. For instance, one student (No. 5) wrote that “It was a great
experience during this class with this teacher because it was participatory
with a lot of assignment and this had a positive effect on my studies. May
be it will be a good idea if other teachers can do this too”, whilst another
student (No. 8) wrote “There was high interaction in the class”. The stu-
dents strongly agreed that the assignments provided room for independent
problem-solving (Fig. 5.2(a)) and they almost completely agreed that the
course provided room for their active participation (Fig. 5.2(b)).
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Fig. 5.2. Students’ perception of independent problem solving and active participa-
tion

Conclusion

I designed and taught the MSc course Agribusiness Economics II based
primarily on problem-based learning. I tried out various teaching methods;
most of them were really successful (e.g. quizzes, homework assignments,
dialogue teaching, hands-on learning), but a few of them were not optimal.
Iimproved some of the sub-optimal methods during the course (e.g. lecture
schedule with page numbers, additional assessment of homework assign-
ments by the teacher) and I plan to further improve some of the methods in
my future courses (e.g. referring to only one textbook, effectively utilizing
the blackboard and making photos available for the students). Furthermore,
I will explore the reasons why some students were dissatisfied with the
teaching methods so that I can hopefully reduce the number of dissatisfied
students without compromising the essential design of the course. Over-
all, I gained a lot of experience with modern teaching methods during this
course and I hope that sharing my experiences in this report will stimulate
readers to try out some of these teaching methods in their courses.
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Implementation of Teaching Learning Activities
during single lectures on a multiple teachers’
course

Gitte Erbs

Department of Plant Biology and Biotechnology, LIFE, University of Copenhagen

Introduction

The multidisciplinary approach to teaching in universities involves teach-
ers or scientists from different scientific disciplines. These multiple teacher
courses can result in individual teachers only having the opportunity to
teach once, or perhaps twice, during a semester. During a multidisciplinary
course the students will, most likely, meet as many different forms of teach-
ing as there are teachers. So, what can a teacher do to be sure that the
students achieve the learning outcomes intended? Having to give only one
or perhaps two lectures, one approach could be to write out the intended
learning outcomes (ILOs), for instance, on the blackboard, then the stu-
dents know what they should be able to do after completion of the lectures.

In general, lectures are very effective for presenting information to the
students, but not so effective for student learning. Using Teaching and
Learning Activities (TLAs) that address the intended learning outcomes,
outstanding and inspiring teaching is possible. Maintaining the students’
attention can be hard, especially if there are no breaks or change in activity
during a lecture. Instead of sitting passively listening to a lecture for 30 to
60 minutes, incorporation of student activities or short rests will improve
the students’ learning outcomes, as illustrated in figure 6.1.
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Fig. 6.1. The figure illustrates the effect of rest or change in activity on learning
(Biggs & Collis; 1982).

Teaching and learning activities

The course Mikrobielle Interaktioner was split up in three subjects: Inter-
aktioner i forhold til det ydre miljg, Interaktion mellem mikroorganismer
and Interaktion med hgjere organismer. 1 was responsible for half a day of
teaching in the last theme and taught innate immunity in plants. I designed
two ILO statements for the 35-minute lecture I gave using verbs from the
SOLO (Structure of the Observed Learning Outcome) taxonomy (Biggs
& Collis; 1982). There are several levels of understanding and the SOLO
taxonomy, which is a hierarchy of verbs, can be used to classify the learn-
ing outcomes in relation to their complexity. The two ILOs for my lecture
were: After this lecture: 1) you will be able to explain the term MAMPs
and estimate its importance in plant innate immunity. 2) You will be able to
analyze peptidoglycan and muropeptides as MAMPs in plants. Here I used
the verbs “explain”, “estimate” and “analyze” mainly from the relational
level in the qualitative phase. I found the relational level to be suitable for
this second-year course.

Instead of lecturing, I decided to engage the students by introducing
TLAs, which I felt was received very well by the students, even though it
was something quite new for them to try. I used TLAs that included acti-
vation of the students. I do not think that the use of TLAs when lecturing
is a common way of teaching at LIFE yet, but the students were motivated
and participated actively in the activities/discussions. I found the introduc-
tion of the TLAs made time fly not only for me as a teacher but also for
the students. I incorporated two TLAs, one every 15 minutes. After a short
introduction to the theory, the students had their first assignment, a student-
to-student talk where they had two minutes to explain in their own words
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what I had just gone through and come with examples of it. This form of
TLA requires that the students participate actively in the lecture, but the
idea is also to give the students the opportunity to talk to a fellow student
and if there is something they do not understand they can then approach the
class saying, “We do not understand...”.

After another 15 minutes the level was raised and the students, in small
groups, were given four minutes to discuss and reflect on two scientific fig-
ures. The points raised during the two TLAs were listed on the blackboard
and feedback was given to the students. The incorporation of the TLAs,
here in the form of assignments, resulted in a very interactive lecture.

Student evaluations

After my day of teaching, I asked the students for evaluation of my teach-
ing. I made an evaluation sheet with the following three questions:

Blev leringsmalene opfyldt? (Were the learning objectives met?)
Hvad var det bedste ved undervisningen? (What was the best thing
about the teaching?)

e Hvad kunne ggres bedre? (What could be done better?)

All the students answered the three questions in the evaluation sheet.
From this type of evaluation sheet, one can expect as many different an-
swers as there are students. The evaluation sheet covers the whole day, not
only the lecture but also the following colloquium. Findings from the eval-
uation revealed that 100% of the students felt that the ILOs were achieved,
that is, they answered “yes” to question one. In addition to this, a majority
of the students, 54%, rated the incorporation of the TLAs as the best thing
about my teaching. Another 31% of the students rated that handing out a
copy of my PowerPoint slides when the lecture started was the best part of
my teaching, 15% of these 31% meant that the incorporation of TLAs and
handing out a copy of my PowerPoint slides as the best part of my teaching
(see the illustration in Figure 6.2 for the students’ answers to question 2).

There is always room for improvement, and as my last question I asked
the students ”Are there somethings I should have done differently?”. In
their feedback, 46% of the students answered that the breaks/preparation
time of the following colloquium had been too long, while others (15%)
said that it was good to have time for preparation. Overall this is a task
that is easy to improve/change in the future, but it also depends on the
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Fig. 6.2. The figure illustrates the distribution of the students’ answers to ques-
tion 2 "What was the best part of my teaching?”. The different subsets represent
their answers. White circles: incorporation of TLAs. Black squares: handing out
a copy of PowerPoint slides. Triangles: speaking loud and clear when lecturing.
White squares: time for preparation/breaks. Black circles: discussion in plenum.

participating students; what level are they at in addition to the difficulty of
the material being taught. In general, the answers to question 3 were mainly
about the following colloquium not the lecture.

Conclusion

In general, the feedback from the students has been very positive, and 1
find consistency between the students’ and my perception of the teaching.
From the discussion we had in plenum during the colloquium, I could tell
that the students had achieved what I had intended they should learn. They
were aware of the definitions we had gone through in the lecture, and they
could use them in context as well as being able to go beyond what we had
discussed during the more formal part of the teaching.

I do not know how the other teachers on this course teach, or how well
their teaching is aligned with what is intended for the students to learn, but
this assignment has convinced me that it is possible to make students learn
even though you only have a few lectures in a course. It is not a matter
of being responsible for a course during a whole semester or only being
responsible for a few lectures; it is the way you teach that matters, or I
should say, how you make the students learn.
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Even though I only had one day of teaching in this course, I tried to
align my teaching with what I wanted the students to learn and the final
assessment. The student evaluations tell me that it has been possible for me
to align my part of the teaching on this multiple teacher course with the
ILOs. The final assessment is constructed in a way that will tell us how
well the students have achieved the intended learning outcomes. The form
of the final assessment is a 24-hour written exam, where the students are
given an assignment as well as a paper and have 24 hours to show that they
have achieved the learning outcomes for the course/subject. Three differ-
ent assignments were made, corresponding to the three subjects within the
course and the assignments were randomly divided between the students.
This means that a third of the students received an exam assignment in the
subject Interaktioner med hgjere organismer, this group of students per-
formed very well. The assignment was exactly on the subject plant innate
immunity, the subject I, to a large extent, taught. This summative assess-
ment told me that the students had learned what I laid out in my ILOs.
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Activation and motivation of students in Seed
Science and Technology for improved learning
using interactive lecturing

Henrik Liitken

Department of Agriculture and Ecology, LIFE, University of Copenhagen

Introduction

In 2010, I taught on the Seed Science and Technology course twice; in Oc-
tober, my teaching was a special edition of the course designed for a group
of Egyptian students and scientists (six persons). In December, I taught on
the regular version of the course for a mixed group of Danish and foreign
students (twenty persons).

Seed Science and Technology is a joint BSc and MSc course, where
many teachers are involved. I teach the specific part called: “Maintenance
of genetic purity and identity using biotechnology methods to identify gene
manipulated crop (GMO) seeds”. The time schedule for this part is very
strict as it is composed of only three half days in which, besides lectures, a
laboratory exercise has to be conducted.

Previously, I had taught the course twice, in 2007 and 2009. My gen-
eral experience was that the laboratory work motivated the students to a
high degree as the students were very active and dedicated during that part,
but not so much during the lectures. In 2009, I designed the teaching part
myself and one of my goals was to motivate and activate the students more,
especially during lectures, as I felt that was needed after teaching accord-
ing to the course plan that was handed out in 2007. Hence, in 2009, I in-
corporated a student assignment on GMO legislation in EU which led to a
general GMO debate, but still only few students, typically the Danes, partic-
ipated actively. So I still felt I needed specific tools to motivate the students
even more to promote deep learning. After I had taken the theoretical part
(KNUD) of adjunktpeedagogikum (Higher Education Teaching and Teach-
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ing Practice Programme), I tried to apply specific pedagogical tools in the
2010 course.

Problem definition

I will try to plan the lecture as an interactive lecture. The students will
have access to some background literature and some web pages concern-
ing GMO legislation in EU in advance, to be introduced to the subject and
inspired to form an opinion. When the students arrive, I will give them
an outline of the day, and afterwards they will be given some small assign-
ments that they will work on in teams. Later, the students will try to provide
answers to the given questions and this will then open up for a debate. My
intentions are to focus on the basic concepts and to use inspiring examples
or case studies known from the media, where the students in pairs rather
than groups (to increase the activity of the individual student, as it is more
easy to “hide” in a group) will discuss or buzz on small topics and maybe
use a quiz or take a vote as activating tools.

My vision is to make the students capable of reflecting on both the ap-
plication and ethical aspects in relation to GMO seeds and plants.
Will a more interactive lecture form, e.g. group work and small assign-
ments, increase the activity level of the students in the GMO debate?

— for whom and why?
Will the students be able to use some of the knowledge they obtained about
GMO purity in laboratory work in this debate? (Is deep-learning stimu-
lated?)
What impact will this lecture type have on the Egyptian students vs. the
mixed student groups?

— will there be a difference?

Theoretical part: The interactive lecture vs. the traditional
lecture as teaching form

Traditional lecture

My definition of a traditional lecture is a lecture where the teacher presents
scientific facts (usually) to a larger group of students. This teaching format
has for several centuries been the dominant teaching form at universities
around the world. The traditional lecture is a monologue and the teacher
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might succeed in getting the students to learn concepts and to identify a
procedure. However, it can often be very difficult for the student to get a
qualitative level of understanding solely from lectures. On the other hand,
traditional lectures are very time and cost efficient as a large amount of
students (several hundreds) can be taught at the same time by one teacher.
This fact is an important aspect when planning the teaching of a course.
However, the last decades have shown that other formats of lectures might
improve the students’ deep learning (see below).

Interactive lecture

Before planning the interactive lecture format, I browsed the literature
based on what I had learned through the KNUD course part, and the cho-
sen theoretical aspects are discussed in the following paragraphs. Based on
observations made by Eric Mazur, a teacher at Harvard University, an inter-
active teaching format was developed in the late 1990s (Crouch & Mazur;
2001; Mazur; 1996). One of the starting points was that Mazur tested his
students and found that they relied on memory rather than understanding.
Mazur then applied multiple-choice questions, the students’ answers were
recorded electronically by “clicking” the answers, and the total outcome
of the results was shown on a screen. Afterwards, the students discussed
their answers with neighbouring students that answered differently and they
elaborated their answers together. Mazur aimed for a high level of under-
standing and stimulated the students by using student activities like dis-
cussing novel problems and application of knowledge gained from read-
ing. Collectively, these activities should improve the students’ deep learn-
ing (higher student retention rates) as shown in the lower sections of the
Learning Pyramid (Fig. 7.1).

Similarly, other teachers like David Yamane were also annoyed by the
inefficiencies of lecturing, as the students did not read when they were told
to. Hence, he posted course preparation assignments on the course web
page before the lectures (Yamane; 2006). Mazur and Yamane both experi-
enced that the interactive lecture format stimulated the students’ learning as
they became motivated and enjoyed it. However, Mazur and Yamane were
also aware of the potential class size limitation for using this lecture for-
mat and mentioned the limits to be in the range of 30-80 students. Another
important aspect in promoting deep learning for the students is to change
the teaching activities often. Bligh (1972) found that student concentration
flags after approximately fifteen minutes, particularly if the teaching ac-
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average student
retention rates Lecturing

Reading
Audiovisual
Dermonstration

Discussion

Fractical doing

Fig. 7.1. Learning Pyramid. National Training Laboratories, Maine, USA.

tivity is listening (Fig. 7.2). The teaching activities can be changed by, for
example asking the students questions, providing them a case study to work
on, and letting them reflect on what they have learned, which will increase
the students’ focus (Fig. 7.2).

In the following scheme (Fig. 7.3), I have compared and reflected on
some positive (+) and negative (-) basic aspects of the traditional and inter-
active lecture that I found important when I planned my lectures.

Lecture planning

Based on my abovementioned observations on how the students perceived
the traditional lectures that I gave at the seed science course when I taught
it in previous years and the potential theoretical benefits, I planned an in-
teractive lecture.

My teaching part in the seed science and technology course is divided
roughly equally between lectures and exercises. In order to vary the teach-
ing type and output to keep the attention of the students, first of all, I de-
cided to divide the exercise part into segments and separate them out on
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Better —— Lecture without student activity

---- Lecture with student activity

Students' recall of facts

Worse
Start of lecture l<—>l End of lecture
Student )
activity Time

Fig. 7.2. Student learning over time and how to improve it. Modified from Bligh
(1972).

Traditional lecture Interactive lecture

+ - + -

Time & cost efficient Longer preparation
Many students can be time for the teacher.
taught at the same time Smaller classes

Delivery of facts and | No application of facts | Application of facts
scientific concepts and scientific concepts | and scientific concepts

Passive teaching /| Active teaching /

monologue dialogue

Deep learning

Fig. 7.3. Basic aspects of the traditional and the interactive lecture.

the three course days (see course part plan for the regular course in Ap-
pendix A). Next, I applied a concept gradient of my ownership of the teach-
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ing, gradually going from “hands on” to “hands off” during the time span
of the lecture parts. This meant that the introduction lecture was a tradi-
tional lecture that was monologue-based. The second lecture was interac-
tive, whereas the last “lecture” was solely based on input and presentations
from the students. The planning and reflections of the three lectures will be
discussed more thoroughly below.

Planning the introduction and traditional lecture

As this lecture was an introduction, it was controlled with “hands on” from
my side. I felt that this would be the most efficient method to introduce the
course plan and the topic itself to the students and to deliver some scientific
facts and basic concepts. However, time was set aside to answer questions
and the students were allowed to interrupt if they had questions popping up.
Approximately one week prior to my part of the regular course, I uploaded
the programme as a bulletin on the course web-page at Absalon, stating
that the students should read and bring the plan for this part. Moreover,
non-compulsory background literature was uploaded as well.

Planning the interactive lecture

This lecture started with an “exercise sum-up”, where specific questions
were given to the students in respect of what they did in the lab on the
first day. After that, I presented a case study covering some of my own re-
search on how compact potted plants can be produced by using three differ-
ent GMO methods as an environmentally friendly alternative to chemical
growth retardants. For each of the methods, some specific features were
presented (Appendix B) and the students were asked to give an opinion
regarding whether they were for or against the specific feature. To do so,
the students were given green and red sheets, to hold in the air to indicate
their opinion, “for” or “against”, respectively. This feature was chosen as a
representative for the “clickers” Mazur used, mentioned above. Moreover,
the students were given time to elaborate on their answers. The case study
ended with a question asking the students to prioritize the three methods
which led up to a discussion if or where general ethical lines can be set
(Appendix C). After the interactive lecture, a student assignment was given
on EU GMO regulation (Appendix D) forming the basis for the student
presentation lecture (see below).
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Planning the student presentation lecture

Again, the lecture started with an “exercise sum-up”, where specific ques-
tions were given to the students in respect to what they did in the lab the
last time. A student assignment was given on EU GMO regulation (Ap-
pendix D) forming the basis for the student presentation lecture, where the
students were divided into teams. My idea behind the student presentation
lecture was to give the students the opportunity to introduce themselves to
the three phases in EU GMO application by giving them an internet link
and providing them with possibilities to find answers to the questions men-
tioned in Appendix D. Furthermore, due to peer supervision feedback, I
included a case study on “transgenic cotton” (Appendix D). In the case
study, the teams were asked to provide opinions from the respective view-
points of a biotech company, the EU and the public. The overall purpose
was to see how at the end of the course the students would be able to apply
their knowledge to discuss relevant aspects regarding the scientific subject
with only minimal interference from me.

Results

When I started to give the introduction lecture in the regular version of the
course, I experienced that it was difficult to catch the attention of all the
students as some kept on talking. Hence, I deviated a bit from my plan by
asking questions of the students, this caught their attention and I kept on
asking short questions with an interval of some minutes. In contrast, on the
Egyptian version of the course, all the students listened carefully from the
beginning. The majority of the course participants at the regular version
of the course had actually read the programme in advance — in contrast to
other years, where I did not specifically ask them to do so — which helped
their understanding of the course part. (As the Egyptian students are not
enrolled at the University of Copenhagen, the programme was handed out
on the first day).

In the interactive lecture, I found that the experimental sum-up was a
very good idea to start with, as I quickly discovered which aspects I needed
to address more thoroughly to improve the students’ understanding. During
the case study part, where the students were asked to provide their opin-
ions on specific features, I experienced that several of the students on the
Egyptian version of the course were looking around sort of trying to figure
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out what the “right opinion” would be to that specific feature. In contrast,
at the regular course the students actively elaborated on their opinions and
discussions were initiated.

For the student presentation lecture, my overall feeling was that it was
a bit difficult for some of the students attending the Egyptian version of the
course to be able to present the essential features specific to the three GMO
approval phases in EU. When the students were preparing themselves, I
experienced that it sometimes was difficult for them to navigate around the
various links at the homepage. However, the Egyptian students were highly
motivated in presenting the cotton case study. On the regular version of the
course, I found that the students were very active in both the legislation
part and the case study. Several had prepared PowerPoint presentations,
even though it was not mandatory.

Evaluation and conclusion

To obtain information on how the students perceived my teaching, I con-
structed the evaluation scheme shown in Appendix E. The answers of the
Egyptian students and the regular students are highlighted in blue and pink,
respectively.

As the Egyptians in their home country are only used to traditional one-
way directed lectures, I felt it was very important to ask them how they
perceived the interactive lecture format. Rather contrary to my initial ex-
pectations, 87% of the Egyptian students preferred the interactive lectures.
However, when I discussed the interactive lecture format with the Egyptian
students they elaborated and said that at first they found the format a bit
annoying, but gradually they felt they gained more knowledge that way. At
the regular version, most students also favoured the interactive lecture, but
some also mentioned that there should be a mix between interactive and
traditional lectures.

The majority of the students on both versions of the course mentioned
that they had learned both the basic molecular and legislation concepts for
GMO and plants. The majority stated that they liked the laboratory part
best, but whereas all the Egyptians found that the lab work was most im-
portant, a large part of the students at the regular course found that the
discussions were important as well.

In respect to what should be improved, their answers were more varied,
but a few mentioned lectures, so I will develop these further next year.
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In conclusion, the majority of the students on both versions of the
course favoured interactive lecturing over traditional lectures, and it stimu-
lated their activities and they were able to participate more actively in the
discussions than what I experienced when I taught at the course previously.

Perspectives

The students at the Seed Science and Technology course are usually an
equal mix of Danish and foreign students, as mentioned above. This feature
often provides a good forum for interactive lectures as debates and discus-
sions due to different backgrounds and opinions from the students are easy
to initiate. Hence, it was pleasing to experience that a homogeneous group
of students from Egypt also favoured this lecture format, even though they
have only experienced traditional lectures. However, when comparing the
Egyptian version of the course with the other times I taught at the course
with a mixed group of students, I feel that certain precautions are necessary.
For instance, I think that on all the courses I teach in the future I will use
slightly different versions of lectures depending on the composition of the
participating students, as I believe that small adjustments can improve the
learning outcome without too much effort by the teacher. In the problem
definition, I stated that I would let the students work in pairs rather than
groups. However, the groups already formed in the course consisted of two
or three persons, so I decided to keep this structure, and I experienced that
the students collaborated very well within these groups.
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A Course part plan

Tuesday Programme Location
12/10
8.45-9.45 Introduction to the exercise: P11

Extraction of seed DNA

The principle behind polymerase
chain reaction (PCR)

9.45-10 Small break

10-12 Exercise: Laboratory #15
Purify DNA from seeds using 2
extraction methods

Friday Programme Location

15/10

8.45-9.45 Exercise: Laboratory #15
Set up PCR

9.45-10 Small break
10-11 Interactive lecture: 18.01
Molecular breeding in ornamentals as
an alternative to chemical growth
retardants

Which method do you prefer and why?
11-12 Student assignment will be given: 18.01
EU GMO regulation at:
http://www.gmo-
compass.org/eng/regulation/requlator
y process/

Monday Programme Location
18/10

8.45-9.45 Exercise: Laboratory #15
Making gels, running gels

9.45-10 Small break

10-11 Student presentation of the EU |18.01
assignment
GMO discussion

11-12 Exercise: Laboratory #15

Evaluate experiment




7 Activation and motivation in Seed Science and Technology 69

method gene: from: to:
i Sail Kalznchod
i Rol (Root loci) i
Features For or against 7
+Anaturally found baterium, which can infectplants, P
is used 7
sMany known and unknown genes are inserted -
intp the plant &
=*The DNA ("the genes™) are notaltered and the -
method is notregarded as GMO <

method gene: from : tio:
i KN (Knotted) another Kalanchas Kalznchos
Fpecies
Features For or against ?
= Agene #om ane species from the same genus P

is transferred

= The transfer of the gene could potentially happen -
in nature by pollination (Cisgenesis) <

«The mehind is regarded as GMO, a5 the geneis P
inserted artificially <

Results
method gene: from: to:
3 SHI (Short Ara bidopsis (Distantly Kalbpchod
A related model plang)

Features For or against ?
=Agene fom a distantly related model plantis inserted >
«The gene could no the transferred naturally >
by pollination !
«All the genes in the madel plant are "known”,
hence a lot is known about the function
+The method is GMO as the gene is inserted artificially 2

Results
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Which method would you prefer?

method gene: “positive® | “hegative”
mallowed method |=Many genes
Roi (non GMS) are inserted
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g directy in came fram a
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Presumed
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CAN WE SET A
PRE-DEFINED

LIMIT?

If the gene could cure cancer or AIDS,
would that re-set the limits?

ITHE
DOCTOR
= WHO

= CURES
== CANCER

e e
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D

Team Task 1

Briefly describe the first phase in

1 EU GMO ap proval.
2 Briefly describe the second phase
in EU GMO approval.

Briefly describe the third phase in
3 EU GMO approval.

USE ~ 30 min

Task 2 Case study

*A high-yield and very drought tolerant
transgenic cotton have been developed

+The high yield is due a gene from a closely
related plant genus

*The drought tolerance is due to a gene
from a bacterium

*The transgenic cotton can improve the
yield 250%

*The pollen is potentially toxic to butterflies

Discuss the transgenic
cotton from:

Team Task 2
1 A biotech companys view
2 EUs view
= The public view

USE ~ 30 min
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E Evaluation of the GMO course part

Did you learn the basic molecular concepts for GMO and plants?
Egyptian: yes: 6/6=100%.
Regular: yes: 10/14=71.4%, no: 2/14=14.3%, did not participate all days: 2/14=14.3%

Did you learn the basic legislation concepts for GMO and plants?
Egyptian: yes: 5.5/6= 92%, no: 0.5/6=8%
Regular: yes: 12/14=85.7%, not answered: 2/14=14.3%

What did you like in particular?

Egyptian: lab work 5/6=83%, GMO legislation: 1/6 = 17%

Regular: lab wok: 10/14=71.4%, GMO legislation: 3/14=21.4%, student presentation:
1/14=7.1%

Which aspect did you find most important?
Egyptian: lab work 6/6=100%
Regular: lab work: 7/14=50%, discussions: 6/14=42.9%, not answered: 1/14=7.1%

What do you think should be improved?

Egyptian: lectures: 2/6 = 33.3%, more material: 1/6=16.6%, nothing: 1/6=16.6%, PCR
protocol: 1/6=16.6%, homework and more material: 1/6=16.6%

Regular: nothing: 9/14=64.3%, nothing/really good: 1/14=7.1%, more time: 3/14=21.4%,
lectures (GMO legislation), 1/14=7.1%

Did you like the interactive lecture format or would you prefer traditional lectures?

Egyptian: interactive: 5/6= 83%, traditional lecture=17%

Regular: interactive: 11/14=78.6%, a mix of both: 2/14=14.3%, only used to traditional
lectures in home country, but found the interactive lecture interesting: 1/14=7.1%.

Rate the course part:

Bad Room for | Okay Fine Excellent
improvement
Regular: Egyptians: 2/6= | Egyptians: 4/6=
1/14=7.1% 33.3% 66.7%
Regular: Regular:
10/14=71.4% 3/14=21.4%

Other comments:

Egyptian: none: 66.6%, more time for understanding: 16.6%, more handouts: 16.6%o,

Regular: none: 11/14=78.6%, more PCR theory: 1/14=7.1%, less PCR theory: 1/14=7.1%,
address organic seeds: 1/14=7.1%.
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Assessing reflective thinking and analytical skills
in final exams

Pernille Kestel

Department of Human Nutrition, LIFE, University of Copenhagen

Introduction

Since I worked with the pre-project for a higher education teaching course, I
have changed my attitude towards exams. Previously, I did not acknowledge
exams and marks as a driving force for students’ motivation and learning
process. However, during my pre-project work, I realized that exams and
marks are important for students. Many students need exams as immediate
goals, although they also know that learning is not for the exam, but for life.
Therefore, we should use the exams wisely and make sure we test what we
expect the students to learn and not something else. If we are successful in
doing so, exams can facilitate students’ learning processes. But we should
be careful not to teach the students one thing, test them in another thing,
and actually want them to learn something different.

It is my impression that even in postgraduate courses, far too often ex-
ams are testing the ability to copy and repeat exact knowledge (surface
learning) rather than scientific abilities in more advanced levels of the learn-
ing hierarchy. And students tend to learn what the tests reflect (Biggs &
Tang; 2007). Unfortunately, students often tend to believe that they have to
learn facts and theories by heart and be able to remember and copy what
the lecturers tell them, in order to obtain good marks in exams (Andersen;
2005). If this is what is practised in exams, then they are useless and may
even be harmful. In order to give direction for the students and to assist
in the learning process, the teaching activities and assessment should be
coherent with the intended learning outcome. The course should be con-
structively aligned.
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In the following, I will focus on the exam, and how we can address
reflection and critical thinking in the exam, and how to evaluate the quality
of the student performances.

The context: The course and its environment

The model course chosen for this project is “International nutrition and
health, course no. 270083, a non-compulsory 7.5 ECTS postgraduate
course offered at LIFE. The students are typically from the MSc pro-
grammes in Human Nutrition or Agricultural Development, a number of
foreign exchange students typically with food science or agricultural sci-
ence background, and a few public health students. The number of students
is normally between 25 and 35.

The learning objectives for the course are presented as knowledge, skills
and competences, but still somehow reflect the course content rather than
the learning objectives. Some of the learning objectives for the course are
evaluated during continuous assessment by smaller group-based reports
which should be submitted and passed in order to register for exam. The
learning objectives, in their current form, are a bit difficult to use as a basis
for the exam, as many are topic specific, and therefore difficult to apply
in an exam unless each topic is covered in the exam. If the general learn-
ing objectives are reflective thinking, analytical skills, overview and under-
standing within the context of the course topics, then these abilities do not
need to be demonstrated for each topic in the exam.

In addition, in my opinion, there are some more general academic tools
which must be assessed in postgraduate exams. Maybe it would be an idea
to include some of these as explicit learning objectives for the course as
well. Relevant examples of these are: analytical skills, ability to identify,
digest and analyse relevant information, clarity and conciseness in writing,
etc.

Course history, past experiences and reflections

Previously, the final assessment of this course was pass/fail of a written
group report based on a student-chosen subject. Since the group evaluation
as an assessment form was abandoned a few years ago and we did not want
to stimulate the students to combine individual work and call it group work,
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we decided to change the assessment form and introduced an individual 48-
hour take-home exam as the final assessment. In 2009 it was conducted as a
pass/fail exam. However, for two reasons, in 2010 we decided to give marks
for the final exam. First of all, exchange students need marks in order to get
credits for their course work at their home university. Secondly, the course
is competing for student engagement and motivation with other courses
taken simultaneously, and we had a few bad experiences with some students
who took the course to collect some easy ECTS which negatively affected
the whole learning environment. In conclusion, we decided to assess this
course from 2010 with a 48-hour take-home exam with marks.

To avoid student confusion and frustration about the exam, and to de-
velop the format, we introduced an individual assignment halfway through
the course which was modelled on the final exam. It gave the students an
idea of the form and the expectations, and in addition, it gave us some ma-
terial for developing types of questions. We are definitely going to repeat
this session in the coming years as it was well received by the students and
in addition provides an opportunity for formative assessment and timely
feedback which the students can use in their learning process.

Using this individual assignment before the final exam also improves
the transparency of the assessment criteria and explicitly shows the stu-
dents what we expect from them. If the assignment is properly designed
and reflects what we want the students to learn, the students’ learning may
become more focused. By introducing rehearsal, the students will feel more
prepared for the final exam and the assessment criteria become more trans-
parent, which may also improve student performance (Johnsson; 2010).

The individual take-home assignment as a learning tool
and as a final exam

The way we approach this 48-hour exam is by selecting one or two sci-
entific papers which address one or two main course topics, but have not
previously been used in the course. It is not an essay, but rather it consists
of a number of focused questions which relate directly or indirectly to the
papers. First, the students are expected to read and understand the texts and
then use the texts directly as a basis for their answers. The specific tasks
may be to extract the most important messages from the papers, to explain
some figures, to discuss specific findings, to relate the findings to other con-
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tent covered in the course etc. It may also be to identify knowledge gaps in
the actual papers and search for further information via the internet.

The extended time removes the focus from time pressure and intro-
duces time for reflection and discussion. In many ways, it reflects a real life
situation where academics can search for information, discuss, and digest
knowledge before they provide answers to a given problem. Students are
allowed to discuss the assignment with colleagues, friends and family, and
to search for information, and they have time to read and investigate, to
think and reflect. Finally, they have to wind it all up in their own individual
written answer. The exam does not leave much room for plagiarism as the
students are unlikely to be able to find and copy answers to the specific
questions.

It enables the students to demonstrate a variety of skills and compe-
tences. It is not merely assessing declarative knowledge, which unfortu-
nately many other exam forms do. I think it is a potentially very useful
exam with many advantages and few disadvantages (time consuming to
evaluate) and if well planned it can work perfectly as part of a postgraduate
course aiming at student ability to crystallize information from scientific
papers and reports and discuss it in the course-specific context.

Design of questions and development of a generic grading
rubric

Different competences need to be assessed using different types of ques-
tions or tasks (Biggs & Tang; 2007). Hence, the final exam should use a
variety of assessment tasks to assess a variety of competences rather than
merely declarative knowledge (Biggs & Tang; 2007).

Together with my colleague, associate professor Nanna Roos, we de-
veloped and selected five types of questions because they address differ-
ent competences which we want the students to obtain (Fig. 8.1). I have
then seen these questions as representatives for some more general types of
questions and elaborated on which competences they assess.

Most of the questions address learning at a high level of understanding
and in addition, they reflect different aspects of the desired competences.
This is a major advantage, as the assessors may focus on specific compe-
tences during assessment of the different tasks.

So far so good — a thoughtfully designed assignment is the first step
towards a successful exam. However, the student contributions have to be
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Type of question/task

Competences addressed

Introductory questions
Basic understanding of
text and topic

Address basic understanding of the text: Mainly included in the assignment to get the
students into the game, to make sure that everyone feels they can get started and get
going. These questions will not count much in the overall grade as they only address
very basic skills.

Discussion questions
Discuss main findings,
contradictory results or
surprising findings

Address depth of knowledge and scientific overview and ability to transform critical
thinking into a well structured and balanced discussion.

Illustrate

Ilustrate numbers from
the text in alternative
ways and comment on
the figure

The students are asked to extract figures or numbers from the text, illustrate them in an
alternative way (as a diagram, a figure, a plot) and comment on their figure. This
addresses wider understanding and ability to use the available information in another
way and present it in an appropriate way. Assesses the ability to take the information a
step further, out of its immediate context and present and interpret meaningfully.

Prioritize information
Suggest and prioritize
actions to take based on
the findings in the text

For example suggest and prioritize at least three solutions to a given problem. Answers
should always be justified and based on context relevant arguments. This task assesses
familiarity with and overview of relevant knowledge within the scientific area, ability to
reflect and professional confidence to prioritise the suggested actions according to
importance.

Identify new
information

Identify databases,
literature or reports of
relevance for the specific
question.

Evaluate and present the
information

Address the ability to search for, identify and select appropriate information needed to
fill a predefined knowledge gap. This type of question may also entail an evaluation of
the strengths and weaknesses of the identified information, and identification of
knowledge gaps, or to suggest new approaches.

Fig. 8.1. Types of assessment tasks and the competences they address.

assessed and marked as well. As such, there is rarely one right answer in
this type of assignments, but the quality of the performance is rather de-
termined by the strength of arguments, the demonstration of overview and
deep understanding, the structure and the organization of the answer.

Criterion-based assessment will be applied to the exam assignments
(Biggs & Tang; 2007). With this approach, students are not ranked, the
marks are not supposed to follow any normal bell-shaped curve, but the
performances are independently assessed according to some pre-specified
criteria. In order to increase the transparency and fairness and to smooth
the progress of the assessment, it may be useful to design a rubric which
clearly defines the assessment criteria for each element in the final exam
(Mertler; 2001). Figure 8.2 presents a rubric developed to assess the differ-
ent types of questions suggested for the 48-hour exam with an overall focus
on critical thinking (Peirce; 2010).



Pernille Kestel

80

“abDd 3X3U U0 S3NUUOD

ajeudoiddeur
I5E3)| 18 4O JUBAS|RLI
aJe suoi3sadsng

JUBIU0D 3SINOD
ay3 Jo Suipuessispun
40 82UBpIAR paNWI]

uoIIeIBPISUC)

seapl Jo
snfun ue aq Aey

2injels:
jueAs|al 0] 18jal J0U S0P
pue SN20J S}oe| JaMSUY

ueAs|al
Yum Ajleljiwie) smoys

jussqe Jo Jespun

aumess)l| JueAs(al
Yyum Ajlleljiwes smoys

sjuswngie
pieA uo paseq pue [ea180]

JUBAB|aI YUM AYel|IUIEY
Jo @2uapine Suons
sjuswngie

pljea uo paseq pue [e2180|
s 4apio paziuonud ay |

lapio xS0 Ix23U00 UBAIZ %33
wopuey uj seapy | 03! IO I JoUsBOQ azniold 03 s|iey aqhRHoREzNON uanIg e ul suonoe azijiond e ul suoioe azijioud ay3 uj sbupurf ay3 uo
J0351| paynsnlun 19p10 Wopuel uj seapl Jo nq ‘suonoe aendoidde suonoe ajeldoidde PUE 109[35 01 9IUBPIJUCD |  PUB JIB(IS O} DIUSPIJUOD |  PAsDQ 3D} 0F SUOHIID
uesjussald | IsI| paynsniun ue syussald 1X83U09 $35888NS IX3IU0D $35888NS 21J13UBI0S SBIRIISUOWSQ JUBIS sjRISUOWRQ | azpioud pup 3sabbns

JUBIYNSUI pue Jesppun JusIYNSUL 2ung1y ay3 Supuasaud uy

21nd1} ay3 jo uondiosap Jo Jeapun 3iq e aq Aew JusIynsul 24n81y ay3 Bupuesaid | swisy @jeudoidde asn 03

pauesasd pue uoneussald 24n81 83 Jo uondidsap 4o Jeapun yiq e aq Aew ul swue) ayeldoidde asn | Ayjige pue Buipueisiapun

Aseuidosdde siaquinu jenjoe pue uoieIuasaId 01 Ajljige sejeljsuowaq | 219|dwod sejessuowsg

10U S| YaIYM ay3 03 a3e(al J0U SBOP slaquinu [enjoe PuBlipepasald ‘wioy uonzejuasald ‘wioy uonejuasaid
24n31/ylomawel) URIYM 31nS14/10mawel) 33 0} 83€|34 J0U SBOP Aem SAIjRUIRY|E OJUI | SAIRUISIE OJUI AjSARRRID | 3nBif 3y} Uo JuawL0d
a5UBSUOU B $218810 asuasuou yaiym a1nsy/yiomaulel) SNOIAQO SS8] B Ul Way) | AjaAneald pue Ajpsim wayy pue Ajasim wayy pup sAbm anjpuIayD
puejuswudisse | esa1eald puejuswudisse | e S21eald pue Juswiugdisse syuesald 3ng siequinu 3BAUOD puE SIBqWINU 142AU0D puE S1AqUINU uj Jxa3 ayy woif
B3 SpUBISISPUNSIA a3 spueISISpuUnSIN 3Y3 SpUE3ISIBPUNSIA JuBAS|3I SBIIUSP| JUBAS|BJ DY) SBIYIIULP| JUBAS|BI BY) SBRUSP| sIaqunu aynasnij

U803 35IN03
ay3 Aq panioddnsun
‘seap| uMo s3SI

|eriysadns
[2A8] [2anAjeUY

SUoISnjoUod
Suoum Jo an8ep

03 pasn Aliood ase
Asy3Ing syuswingie
BaWos $Isi]

SUOISN|2UOD SUOIM
agAew pue andea smeiq
pasnaoyun pue |eiyadns
s1[aA8] [ed13Aeuy
sjuawingie

Jood pue maj saiuap|

suolsnjpuod
Suoum agAew ‘sngden
pue pasnaojun smeiq

pasnaojun pue [epiuadns
S| [aA3] |eanAleuy
sjuawngie

JUBAB|3 BWOS SBIJIUBP|

suoISNPUOd
angen pue pasnaojun
Apysis Ing 3ysu smeaq
asudins

Jo sjuiod Jolew sajenjeas
pue sasAjeue Ajpienbapy
sjuawingdie

JUBAB|3J SBIYNUSP|

SUOISN|2U0d
paoue|eq ‘punos smeiq

asudins
Jo sujod Jofew sejenjeas
pue sasA|eue Ajs3enbapy

suonejwi| pue sjuswingie
JueAs|al SalIuBp|

uoluido
puE 22UBPIAS UBEMID]
saysindunsip AjlJes|d

suolsnpuod aspaid pue
padueleq ‘punos smeiq

asuduns o syuiod
Jolew sayenjens pue
sasAjeue Ajdupuiauoy
suonewi|

pue syuswngie
ueAB[RJ SBINUBP|

sbuipuyf bujspidins o
s3nsai Aio3o]poayuod
‘sBujpuif upw ssnasiq

pajaidizzuisiu
pue pooisispunsiu
ale sadessow

IX83 8Y3 WoJy snsal ulew
Jo suoneyaudisquisiu
10 s3ujpueisiapunsiu

%83 3y3 Jo Sulpuelsispun
pood 8unesysuowsp
‘a8essaw ulew

Ix23 83 Jo Sulpueisiapun
poo8 Sunensuowap
‘a8essaw ulew

a3 843 Jo SulpueIsispun
poog sejesjsuowsp
‘@8essaw ulew

Ix23 83 Jo Bulpueisiapun
lIny Sunensuowap
‘a8essaw ulew

2jdo} pup 3xa3
Jo Buipupysiapun sisog

215eq 350U BYL 3WOS JO 82UBPIAT | Byl saquasep AjRlenbapy | ay3 saquasap Ajgienbapy 3y $8q1IoSEp A[91RINDDY | By} $3qLISSp Aj31enddy | suopsanb Aiopnposu)
€0- 00 0 14 L o1 49
Jusiynsu| dleg4 pooS Jus||99x3 adA3 uoasanp

3]e3s Juiod £ 3y3 03 SUIPJOIIE LIS JUBWISSISSE Pa3SaEENS




81

8 Assessing reflective thinking and analytical skills in final exams

yapwi jpuld

UBIU0D 35IN0I
ay3 Jo SuipuelsIspun
03| pajeIISUOWSQ

Buoim io
angeA a1e SuoIsN|auod

S|113S Sunum
Jlwapede Jo yoe| Jofew
SMOYs pue Jeajun
Aj@pim si @8endueq

syuawngie

40 5351] 4O 35ISU0D AjsaW
Aew pue painjoniis
Aliood aue siamsuy
JU8IU0D BSINOD

83 Jo Suipueisispun

10 3joB| pajensuowsq
Suoim

10 an8eA ale SUOISNPUOD

Assaw pue sespun
Ajjesauas s| @8endueq

sjuswngie

40 35I| JO 351SUOD AjgUBW
Aew ing painpnis

[|2M Jou 3ie siamsuy
JU8IU0D B5IN0I Y}

4o 8uipuesiapun paywi|
sajessuowap Alug
Suoim

10 @n8eA ale suoisn|ouo)

Assaw pue Jesjoun
|esauas s| @8ensue

Aaeinase pue snaoy
3011q e3oe| Aew Ixa |
JUIU0D 3SINCD

843 Jo SupuelsIBpun
poos jo @3usping
andeAiq e aghew ng
paduejeq ale SuoisnpuoD
uoisaIdwy

2WOS Y3IM Je3d
Ajjesaua8 s a8endue

pajuasasd pue pasiuesio
‘paIn3ans ||am sl Xa L
JU23IU0D BSINOD

aup Jo Buipuesiapun
poos Jo aduaping
a|qissod se

8uou3s se Ing paouejeq
@Je suoISNPUOD

8s19u02
pue Jea)d si adendueq

padojsnsp

-||om pue SuIdUIAUOD

S| uonejuasald pue
uonesiuesio ‘@inPnns

JUBIUCD 8SIN0D

ay3 jo 8uipueisiapun
BAISU)X3 JO 3dU3pIAg
3|qissod se 8uo.ls se Inq
PpaduBleq aJe SUoISNPUO)
8519u03

pue Jea)d s adendue]

X3} 3S[IU0I pUp 103D
SJUIWNDID JUDAI}L
asn 03 A3odpy
*ainyanays

PUD UORDSIUDEIO
JUAWUBISSD 3y}

4o uojssaidwy jpiang

juasqe si Ayjenb eyep
33 JO UOIIENEAS BY L

paiesad8exa 1o Suoim
8q Aew suoisnjpuod

juasqe enb
1P 93 JO UOIIEN[EAD BY L

pajesad8exa 4o Suoim

3s.43d Ajjenb sy Aq
uey3 Jay3el (uonesiuesio)
8110 531 Uo paseq
J03juasqe Jayye sl Ayjenb
ejep Y3 JO Uoien|eAs ay|

pajesasidexs 1o
Buoum aq Aew suolsnjpuod

as.uad

Ayjenb sy Aq ueyy Jsyyes
(uonesiuesio) uidlio

)1 UO paseq paien|ead
st Ayjenb eyepayL

paoue|eq aJe suoISNaUOd
ayj pue ‘pajuasaid
Aj@jenbape si uoijewlou|

pasuejeq
84 SUOISN|IUOI BY) puE
pauonuaw su LAl
pue sy3duaiis syl
‘pajussaid AjSupuiauod
S| uoizewoyu|

2ouBA3|21 03 Bulpiodde

Sassauyeam

pue syidusns
EIGUCET SR
AlIng suoisnpuod ay3 pue
pauoiuBW suoneNw
pue syjduaiis sy
‘pajuasaid AjBuouiauod
I uoiewoju|

SdUeA®|al pue 824nos
‘Ayjenb o3 Buipiodoe

uonpwiIofui 3y}
Juasaid pup azpnpa3
‘uopsanb

2ifads ayy 1of
32uDA3}3i f0 5310da 10
aInpI3}y| ‘saspqoIop
Afnuapj pup

Jauiaul ay3 asmoig

3y3 pue umoys 99 ABW SUOISNPUOD Y)Y ay3 Ing payuasald palen(eas Ajeanio pajenjeaa Ajjeanuo
puB payIuapl Sem | INg UMOYS pue paunud Ajienbape pue paisiuspl paiyuap! sem pue payiuapl sem pue paiiuapl sem uoppwiofu)/o3pp
uoReWIOUI JUBAR[I Sem UOIJBWIOJUI BWIOS SEM UOIIBWIOJUI BWOS uonewlojul ajeudoiddy ewuoyul ejeudoiddy uonew.ojul aeudoiddy J4ayinf Afizuapy
€0- 00 0 14 4 or T
JuaidIynsu| Jeq pooo RUCIE ] adA3 uojzsanp

9Jeas Juiod 7 3y3 03 BuipJodJe BLI9YIID JUIISSISSE PASaANS

abpd snoiaaid wouif panuijuodr

Fig. 8.2. A generic grading rubric. Criteria are not included for -03 as it was difficult

han 00.

10N 1S worse tl

but;

i

here a contr

imagine a situation w

for me to



82 Pernille Kestel

The rubric was designed from the left side, at which end the highest
performances are placed. In other words, the first column resembles the
perfect answers. Moving to the right, there is room for some mistakes or
limitations. Finally, the last column represents answers which will fail. I
only added one “fail” category, as my imagination has difficulties in seeing
the performance which is worse than none (-03). The students’ answers
may be very different, but different answers may very well be of the same
academic quality, and a rubric like this may assist in the grading process
to fairly reward the good performances. It has to be finally decided how
much weight the different questions are given. The basic understanding and
knowledge may be given lower weight than the more advanced higher level
thinking.

Unfortunately, we did not manage to have this tool in place before the
exam this year, but it was prepared based on the experiences with assessing
the assignments and we will apply it next year. I am convinced that this tool
will make the assessment process smoother and fairer in the future.

Conclusion

The development of the exam and the assessment tool is going to be a con-
tinuous process. It may involve a revision of the course ILOs, as well as to
make sure they are coherent with the teaching activities and the final assess-
ment. What we want the students to learn should be the heart of the course,
supported by the teaching activities and properly assessed by the exam. The
course ILOs should preferably be on a higher more general course level,
supported by the specific content-oriented ILOs for each teaching activity.
The course ILOs can then be addressed in the final exam regardless of the
topic.

There is still a lot to learn, and definitely still room for improvement.
The first step is, indeed, that we as teachers become clearer about what we
expect the students to learn and are explicit about how we will assess it.
This process has now started and a little extra investment of thought will
definitely improve the course, the exam, the fairness and the transparency
of the evaluation process for the students.

Tests should not be overemphasized, but should not be neglected either
as they play a central role in student motivation and thereby potentially in
the learning process. If properly designed and reflecting the teaching, the
exams may enhance the learning process, while if poorly aligned with the
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teaching exams may negatively affect the learning. As long as we can use
the exams to enhance the students’ learning process, they are useful and
most welcome in my future courses.
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Lab work, exercises and group work
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Active students in problem-solving classes

Anders @. Madsen

Department of Chemistry, SCIENCE, University of Copenhagen

Introduction

Matlntro is an introductory course in calculus at the University of Copen-
hagen. It is a mandatory course for a range of studies, including mathemat-
ics, physics, chemistry and biochemistry. The course has been running for
about seven years in its present form. Compared with previous introduc-
tory courses in mathematics for biochemistry students, the course has been
successful in obtaining a much higher pass rate. However, there is still a
large gap between the exam results and the pass rates of the biochemistry
students and the chemistry, mathematics and physics students.

I have previously analyzed the structural alignment of the course as well
as the overall alignment of the biochemistry study plan (KNUD written as-
signment on structural alignment). The analysis showed that parts of the
internal alignment were good —i.e., the intended learning outcomes (ILO),
the teaching-learning activities (TLA) and the assessment of MatIntro was
well aligned. However, it also showed that some aspects of Matlntro lead
to passive students and a surface approach to learning. These aspects in-
clude the assessment, which is partly based on a multiple-choice exam, the
workload — including weekly hand-ins and a very tight schedule in order to
cover a large curriculum, as well as a lack of peer-to-peer learning activi-
ties. Group work used to be an important aspect of the course, but Danish
legislation now prohibits group exams, and this has changed the student
motivation for group work quite significantly.

The analysis also demonstrated that mathematics does not play an im-
portant role in the biochemistry Bachelor programme study plan, and that
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there is a misalignment between the overall study plan ILO and the way
mathematics is presented to the students in MatIntro.

The present project

During September and October 2010 (block 1 at the University of Copen-
hagen) I was the class teacher for thirty-two biochemistry students on the
Matlntro course, and I used this teaching as an opportunity to test out some
ideas to improve student activity and active learning for this very common
type of “problem-solving” mathematics classes. The setup is classical —
a number of exercises are handed to the students some days before class.
During the class hours, the students and teacher will discuss or calculate the
exercises. Depending on the ability and motivation of the students, the stu-
dents have prepared in some way for the class. Typically, five to ten students
arrive having prepared quite well, while other students have not prepared at
all.

Focus, delineation

As a teacher for a problem-solving class, I am, of course, not in a position
where I can change either the intended learning outcomes or the assessment
of the course. And since these aspects have already been analyzed in my
previous assignment, it makes sense to focus on the teaching-learning acti-
vities in the problem-solving classroom. Of course, these activities have to
be aligned with the ILOs and assessment. In order to discuss the alignment
of new TLAs to the ILO and assessment, I repeat parts of the discussion
about alignment and have reproduced the course ILO in figure 9.1.

Alignment of ILO and assessment

These ILOs fulfil some of the criteria of the intended learning outcomes that
are recommended in outcomes-based teaching (Biggs & Tang; 2007). The
sentences used to describe the different outcomes state very clearly what
the students should practice doing during the course.

The final summative assessment, which consists of two multiple-choice
tests, is well-aligned with the ILOs: The multiple-choice tests are in my
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Present ILOs for the MatIntro course:

Aim:

At the ends of the course the students should be capable of:

1. Following proofs

2. Solving problems with or without the computer algebra system Maple.
3. Mastering the subject matter content described below.

Course description:

Use of Maple

1) Complex numbers.

2) Number sequences.

3) Continuous functions in 1 variable.

4) Differentiability and integration of functions in 1 variable.

5) Continuity of functions of several variables, topology of R".

6) Differentiability of real functions of several variables.

7) Extrema for real functions of several variables, Lagrange's method.
8) Taylor's formula.

9) Surface and volume integrals.

10) Solution of simple differential equations, numerical integration.

Expected competencies:

By the end of the course the student must be capable in general to follow mathematical
language and reasoning within the subject of the course, and specifically be able to

o perform arithmetic with complex numbers,

o decide convergence and determine limits of real sequences,

o determine limit values of functions,

o perform computations involving continuity considerations,

o perform differentiation and integration of functions of 1 variable,

o solve basic differential equations of order 1 and 2,

o determine Taylor polynomials and estimate remainders for functions of 1 variable,
o decide simple topological properties of planar sets,

o perform differentiation and apply the chain rule to functions of several variables,
o describe a function geometrically by means of graphs and level curves,

o determine the tangent/tangent plane of a graph or level set in plane or space,

o examine extrema of functions, with or withour constraints,

o pose and compute double and triple integrals,

o give correct arguments in applications of theory and methods,

and in addition use Maple, when relevant in association to the above.

Fig. 9.1. ILOs for the Matlntro course.

opinion sufficiently effective in assessing whether the students are able to
perform the ILOs given above.

In the SOLO taxonomy (Biggs & Tang; 2007, p. 76ff), these highly
quantitative ILOs encourages uni-structural and multi-structural knowledge.
It could be argued that this level of operational knowledge is sufficient on a
first-year introductory “toolbox” course.
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Motivation

However, there are other problems with the ILOs, and these problems are
related to the motivation of the students. As remarked by Biggs and Tang
(2007, p. 23), factors that encourage a surface approach to learning include:

e An intention only to achieve a minimal pass. Such may arise from
a “meal ticket” view of university or from a requirement to take a
subject irrelevant to the student’s programme.

e Assessing for independent facts, inevitably the case when using short-
answer and multiple-choice tests.

It is not difficult to argue that algebra is an important tool to learn for
the biochemistry students. However, the present ILO does not argue at all.
There is no intention in the ILO to highlight the relevance of algebra as an
important tool for the biochemist. The highly operational goals of the ILO,
along with the assessment in the form of multiple-choice tests, will without
doubt cause many a student to turn to surface learning — with the intention
to achieve a minimal pass, as the content apparently has little to do with the
remaining biochemistry programme.

Alignment of ILO and TLAs

The teaching-learning activities of Matlntro are quite diverse. There are lec-
tures (210 minutes a week), classroom teaching (180 minutes a week), com-
puter exercises (80 minutes a week) and independent work with teaching
assistance (90 minutes a week). There are, in my opinion, a lot of resources
and time available for TLAs. The question is whether these resources are
used in an optimal way to stimulate learning.

The computer exercises encourage active students, and most of the ex-
ercises require a good understanding of the software, as well as some under-
standing of the mathematics. These exercises are also based on group-work.
I consider them the best part of the TLAs of the course.

The lectures are carefully prepared, but are seldom activating the stu-
dents. The classroom teaching is based on end-of-chapter exercises. My
usual practice as a class-teacher has been to encourage the students to
present the exercises at the blackboard, however often there are only a few
students that dare to present. In consequence, I (the teacher) go through the
exercises, and the students sit back, more or less passively listening and
taking notes.
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Another reason for the lack of volunteering students is probably that
this type of presentation is not aligned with the assessment. There is no
oral examination that would motivate the students to practise presenting at
the blackboard.

I think the way that the problem-solving classroom teaching is dealt
with is one of the major problems of the present TLAs, and something
should be done to engage the students in active, deep learning. Inspired by
IUP and KNUD, I wanted it to be different this year - and I have therefore
focused on changing aspects of the teaching that would engage the students
to become active learners, and that would break the routine in the problem-
solving classes.

Restating the didactic contract: moving away from
blackboard-centered teaching

At a meeting prior to my first encounter with the students at MatIntro I was
advised by my pedagogical and chemistry supervisors to explicitly inform
the students how the exercise classes would be conducted, in other words
to restate the “didactic contract’; the didactic contract is a term coined to
explain the often unspoken contract between teacher and student, that if
the student engages in the activities proposed by the teacher, this will lead
to learning. When the expected blackboard-centred teaching is reformed to-
wards student-centred activities, the unspoken tradition of classroom teach-
ing is broken, and it becomes important to inform and motivate the students
for the new type of activities. Due to administrative circumstances, I only
knew the names and e-mail addresses of the students in my class very close
to the first encounter with the students, so I had no way of informing the
students in advance. However, during the first session, I told the students
about my plans for the teaching, and they seemed to be satisfied with that.
I also told them that my reform of the teaching was part of my project in
KNUD. I will later discuss how this satisfaction for some of the students
turned in to a mild frustration during the course.

As a class teacher for the MatIntro students, I am, of course, not in a po-
sition where I can change the course structure, nor the topics to be covered.
There is also a mandatory set of exercises given by the course organizers.
I therefore have a (very) limited amount of freedom to change the class-
room teaching, and I have chosen to focus on, and experiment with, aspects
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of the teaching that are relatively straightforward to implement and evalu-
ate. These “new” TLAs are not specifically designed for mathematics, and
could probably be used in all kinds of problem-solving classroom teaching.
The limited flexibility imposed by being a small part of a large course is
also a very common situation for most exercise-class teachers.

Each of the experiments was used a few times during the nine weeks
that the course was running. Below, I will present the background and mo-
tivation for the experiments; how they were actually conducted and I will
try to discuss and evaluate them. Notice that most of my evaluation is based
on either direct observation and discussion with the students, or by asking
rather open questions that the students have answered on yellow post-it
notes. Due to time limitations, I have purposely not made a more formal
in-depth questionnaire, but I hope to demonstrate below that my approach
has been a quite successful way to interact with the students.

Active learning and variation

The activities that I have tested are all meant to encourage deep learning and
to break the monotony of the traditional problem-solving class. As noted
by Biggs & Tang (2007), breaks and changes in the activities every fifteen
minutes or so are desirable. Few can keep their concentration for longer.

Quick evaluation using post-it notes

The success of the TLAs can be evaluated in different ways. A natural way
is to try to sense the atmosphere in the classroom — are the students en-
gaged? Sometimes, it can be fruitful to evaluate the success in a more for-
mal way. On the other hand, time (mine, as well as the students) did not
allow me to make a large, formal survey for the students to fill out — this
would easily take another 30 minutes of precious maths exercise time. In-
stead, I chose to write a question on the blackboard, and the students had a
few minutes to fill out a yellow post-it note with their answer. I could then
analyze the answers later, and report back to the class.

In contrast to other quick ways of evaluating the teaching (like ask-
ing students individually in a break) this method sends the signal that the
teacher is taking the students’ opinion seriously. It also allows everyone to
be heard. Of course, it is important to follow up on the evaluation, and I did
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this, first of all, by telling the students about the results of the survey, and
also by trying to change the teaching according to the critique raised by the
students, as I will report below. During the course, problems arose because
a group of students felt that we were moving too slowly, or did not discuss
all the exercises. As a second part of this report, I have focused on how I
have tried to reflect and respond to this problem.

First part: New teaching-learning activities in the exercise
classroom

The following TLAs were tried during the course, mixed with more tradi-
tional blackboard-centred teaching.

ConcepTests and multiple-choice exam questions

Background

Eric Mazur (1997) and others have demonstrated how simple conceptual
tests can engage the students in the lecture hall. The tests are often anony-
mous, because this allows the students to respond more freely — they are
not afraid of giving the wrong answer. The tests are multiple choice, they
are clearly worded, and cannot be solved using equations. The purpose is
twofold: It allows the teacher to evaluate the students’ understanding, but
most important, the tests are used to activate the students, because they have
to think, and because they are encouraged to discuss the answers with their
fellow students, thereby stimulating peer-to-peer learning.

This type of TLA is in good alignment with the MatIntro course as-
sessment, because it is based on multiple-choice questions. In fact, I found
that some of the multiple-choice exam questions from previous years could
be used for this type of activity (i.e., those that did not demand long com-
putations). Furthermore, I used questions taken from a collection available
from a project called ‘GoodQuestions’ (Department of Mathematics, Cor-
nell University, USA; 2005).

Execution

I found that rather quick ‘probing’ questions were the best choice as a sup-
plement to the deep and rather difficult exercises which were part of the
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mandatory weekly programme given by the course administrators in the
course. An example is given in the figure 9.2.

Probing question:

Is the following statement true or false:

At some point during my life, my height (in decimeter) was exactly the same as my weight (in
kilograms).

Fig. 9.2. Probing question.

This question cannot be answered using equations. It draws on basic
calculus concepts, namely the properties of continuous functions, such as
the completeness of real numbers and the intermediate value problem.

The answer is “true”, if we consider my height and weight as continuous
functions of my age; as a newborn, my height (or length) was about 0.5 m,
while my weight was 3 kg, while now my height is about 1.9 m and my
weight 80 kg. Somewhere along my lifeline, the weight and height curves
must have crossed, if the curves are continuous. So the discussion with the
students of course continued: Do we grow continuously? In the mindset of
a biochemist this is not a trivial question — perhaps we grow one molecule
at a time?

Evaluation

I found this type of activity stimulating and rewarding. The students became
more active, and they began to discuss with their peers as well as with the
teacher. Another important bonus is that the students got a feeling for the
level of their peers. This is rewarding, because normally many students
can get the feeling that everyone else understands - and therefore they will
hesitate to expose their own lack of understanding.

This activity requires some way of displaying the question and the pos-
sible answers. In the case of the question given above, it was easily written
on the blackboard. But in many other cases, an overhead projector or simi-
lar is advisable because it can take a long time to write on the blackboard.

Often, this type of activity uses an electronic answering system (like in
the television quiz Who Wants to be a Millionaire). 1 did not have such a
system. Students raised their hands when they agreed — often I chose to use
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questions with only two possible answers. Of course, this is not optimal,
because some students might not want to expose their (lack of) knowledge,
and will respond according to the majority. However, the most important
part of this exercise is to initiate active learning and peer discussion — the
students’ immediate answers are of secondary importance, but can be used
in order to probe whether further discussion is necessary to increase under-
standing.

Because some of the questions were taken directly from the previous
year’s multiple-choice exam there was an extra motivational factor for the
students; there was an extremely close alignment between the TLA and the
assessment.

Cooperative learning: Circle the Sage

Background

Because Danish legislation prohibits group-based assessment, an impor-
tant motivational tool for implementing group-based learning processes has
been removed. Prior to the change in legislation, MatIntro had mandatory
group-based hand-in exercises. I have tried to come up with ways to re-
implement cooperative learning activities in MatIntro.

One very popular teaching strategy at the primary school level is the so-
called cooperative learning method. Some writers use the term cooperative
learning in a very broad sense, which would include the learning activity
“group work”. In a Danish context this often means that a group of stu-
dents have been given a common assignment, but they have been given no
instructions about how the group should work together. At the other end of
the spectrum, the term cooperative learning is used to signify a very struc-
tured type of TLA, where each individual member of a group has different
and very explicit roles. This method has especially been promoted in Dan-
ish primary schools by Spencer Kagan, who has written a book and some
teaching material with different TLAs (Kagan; 1994).

I decided to try out one of these procedures, and my choice fell upon
the exercise called “Circle the sage”. This procedure was chosen because
it is rather easy to explain to the students and does not require a lot of
reorganization of the students (and furniture!) in the classroom.

As the name implies, students who have mastered some specific area
are “sages”, and the other students can then ask these sages questions.
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Basically, the sages are co-teachers in the given exercise. This procedure
has several benefits compared with a traditional teacher-centred activity.
First and foremost, the number of teachers is multiplied with the number of
sages. The sages are socially as well as mentally on the same level as the
other students, and they may be able to explain the topic in a down-to-earth
manner: They know where the pitfalls are. The sages, who will gain little
from a mere repetition of a topic they have already understood, will have
the opportunity to sharpen their understanding by being forced to explain
it to fellow students. Weaker students can often feel exposed by asking the
teacher “trivial” questions, but would probably have less trouble asking a
fellow student.

Problems

The students may not actually be explaining the material correctly. Also,
the topic chosen should be considered carefully. A topic that is too diffuse
topic might lead to uncertain sages and frustrated students.

Evaluation

I have only tried this method once, as I found it difficult to find topics that
were sufficiently “closed” for the sages to feel confident.

The process is rather time-consuming, because there will be some peo-
ple who have to move around in the crowded classroom. It also creates a
lot of noise because all the groups are discussing at the same time. I think
the students were quite satisfied, however I would like more physical space
next time I have to do this exercise. Positive side-effects of this exercise
are that the teacher removes him- or herself from the centre of attention
and into an observer role. Furthermore, the activity can form an impor-
tant break from blackboard-centred activities. The topic covered during the
“circle the sage” activity was unfortunately not part of this year’s multiple-
choice exam, so I do not have a more formal way of evaluating the success
of this activity. I think this procedure could be evolved further, but I would
like to have a way to recruit sages so that it is not always the same group of
students that are the experts.
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Groups presenting at the blackboard: “Group efficacy”

Background

From previous MatlIntro classes, I knew that it can be very difficult to per-
suade students to present exercises at the blackboard. They want to be sure
that they have done the exercise correctly before they expose their know-
ledge in front of their fellow students. Often, I have observed that only
three or four students want to go to the blackboard out of a class of thirty
students. I wanted to change this for the benefit of all the students. There
is no doubt that presenting results to others sharpens the understanding of
the topic. Activating the students, and creating the atmosphere that it is all
right to “expose your brain” at the blackboard can be important through the
whole course — and further on.

Why will the students not go to the blackboard? Partly because they are
not confident in themselves. In order to improve their mathematical learn-
ing confidence — or “efficacy/capability beliefs” to use the vocabulary of
Bob Evans — I chose to invite the students in groups. My idea is that when
a whole group of students is responsible for a presentation, this should in-
crease the efficacy of the individual members of the group. Another reason
for students hesitating to go to the blackboard is that there is no oral exam,
and thus no impetus from assessment. However, this last aspect was out of
my control, other than the general “social assessment” from the fellow stu-
dents and teacher: We expect all participants to make a contribution to the
learning activities.

Execution

In the pre-class preparation time, groups of students were told to prepare
different problem-solving exercises, and they were told to present their ex-
ercise as a group. Of course, only one or at most two students would ac-
tually speak up and write on the blackboard, but the rest of the group was
present next to the blackboard — ready to back them up if there were ques-
tions that the presenters could not answer.

Evaluation

This idea proved to be quite as expected — the students were happy and
enthusiastic, and told me that they were more confident when a whole group
was presenting.
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However, there is a drawback. Normally, if I have the impression that
the students have understood the topic, I would skip the rest of the exercises
and carry on to a new topic with other exercises. That flexibility is lost here,
because the presentation is delegated to the students, and because there is
an implicit promise that all students should present their prepared exercise.

I realize that we used a lot of time for this exercise. Perhaps this method
should only be used a few times in each course, as it is really very time
demanding. Alternatively I will have to think of another way to shorten the
exercise if it appears to be superfluous because the students have understood
the topic.

Buzz meetings — Two minutes of peer-to-peer discussion

Background

An easy way to get some variation in the teaching is to let the students
discuss a problem in pairs. Discussing a problem peer-to-peer allows the
students to verbalize and accentuate their understanding, and provokes the
students to move away from a surface-learning approach.

Implementation

This activity was used from time to time during the course on an ad-hoc ba-
sis, as problems arose in the exercises, especially when I had the impression
that the explanation I provided was inadequate for the students.

Evaluation

As the students became comfortable with the approach, it became faster
and easier to switch back and forth from the blackboard-centred teaching.
Of the different activities discussed here, this activity was the easiest to
implement. One drawback is that it is difficult for the teacher to evaluate the
students’ gain. A follow-up exercise could be a way to provide formative
assessment, however, this is not always easy to find on-the-fly.

I really liked the small breaks that this type of activity gave, as it gave
me time to think about the next TLA.



9 Active students in problem-solving classes 99

Context

Background

My first post-it note question for the students was given on the first day of
the course. The question was: What would you like to bring with you from
the MatIntro course? All students answered, and the vast majority indicated
that they wanted to learn how mathematics can be used in biochemical ap-
plications. A minority (around 10%) indicated that they simply wanted to
pass the course. The responses are quite as I would expect; most students
are very enthusiastic and have high expectations as they begin their studies.
Of course, I would like the students to keep this enthusiasm, and one way
to do this is to introduce some myself.

In the MatIntro course a few of the hand-in exercises have a chemical
or biochemical context. However, to make the exercises manageable for the
students, the biochemical content has been simplified and diminished to a
degree where the exercise can hardly be said to help the students understand
how mathematics can be used in biochemistry.

The biochemistry study plan is of no help for defining topics where
mathematics could be relevant for biochemists, as mathematics is hardly
mentioned.

To give at least some contextualization, a few times I chose to use ten
minutes to present some recent biochemical research that involved a lot of
mathematics. One was a presentation of the 2009 Nobel prize winners in
chemistry, who elucidated the structure of the ribosome — the molecular
machinery for decoding DNA. This type of activity, of course, does not
activate the students immediately — but I hope it increased their general
motivation for doing mathematics.

Evaluation

Each class has a spokesman who speaks for the class at a meeting with the
course organizers. Through this meeting I learned that the students liked
this particular contextualization aspect of the classes very much. However,
given the very tight schedule of the course, I will have to consider whether
the contextualization can be implemented as part of actual exercises. Again,
time issues prevented me from using more of this type of activity.
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Second part: Midway evaluation, related to the problems
of the teaching level or a backwash problem?

The student evaluation of MatIntro (after about four weeks course) pre-
sented via the spokesmen as mentioned above, indicated that my teaching
level was too low, and that I was spending too much time helping math stu-
dents with weak maths capabilities. Perhaps my “experiments” were also
taking more time than some students would find beneficial.

However, my impression is that it is often the best students who raise
their voice in these matters, and I had the suspicion that parts of the class
were satisfied with the level of the teaching. The students less confident
with math are also often less confident when it comes to speaking out with
their opinion.

Inspired by the quick survey I had used in the first lectures, I again
posed a single question: How do you find the level of the teaching? Should
it be higher, lower or just the same?

Out of the thirty students in my class, I received twenty-two answers
on post-it notes. They showed that eleven students considered the level to
be right, one thought it was too high, while ten students would like me to
raise the level — many of these answers indicated that I should basically just
speed up, which would ensure that we could get through more exercises.
Admittedly, there were exercises that I would have liked to do, and we had
not had the time. I felt that I would have to find a way to speed up, while still
answering the questions posed by the “weaker” students. My choice, which
was explicitly stated to the class, was to skip some of the easier exercises,
so that we only looked at a few easy exercises, and thereby had more time
for the difficult ones. This seemed to satisfy most of the class.

Backwash

I must admit that I used fewer experimental TLAs in the last weeks of the
course. After the first multiple-choice test (in week 4 of the course), five to
ten students were in a situation where they might not pass the course, unless
they achieved a good score in the second test. This is the normal situation.
Actually, my class had the highest mean score of the four biochemistry
Matlntro classes (about 10% higher than the rest); whether this is significant
is an open question, however, it seems to indicate that the new activating
TLAs had a good influence on students’ performance, even in the multiple-
choice test.
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Given their bad marks, most students were eager to discuss as many
previous exam questions as possible. What I experienced was, I believe,
a backwash effect; while teachers see the ILO as the central pillar in an
aligned teaching system, the students will always see the assessment as
what defines the actual curriculum (Biggs & Tang; 2007, p. 169). Since
the most important part of the assessment is the multiple-choice test, this
was the focus of the students. The didactic contract that I set up during
the first day of the course was falling apart as we reached beyond the first
multiple-choice test. In the students’ eyes, the focus moved entirely towards
the second test, especially for the weaker students. It is not trivial to propose
new TLAs that can be well aligned with a multiple-choice assessment, and
that still encourage a deep-learning approach!

This was probably my greatest challenge during the course — that the
students have very different maths capabilities, and that their minds were
focused on the multiple-choice test. The large differences in math capabili-
ties seem to be more significant for the biochemistry students than for other
groups of students:

In the histograms in figure 9.3, I compare the total number of points that
the students achieved in the multiple-choice exam. The number of points
ranges from O to 20. Evidently, the biochemistry students generally get
fewer points than the maths and physics students, and the spread of points
is larger. Notice that while the biochem histogram is approximately bell
shaped, the maths/physics histogram is skewed towards the high grades.

One interpretation of the biochem histogram could be that there is a
group of biochem students that struggle, and they will be satisfied with
passing the course, while another group of biochem students will try to get
a high grade. In contrast, for the maths/physics students, the majority of
students will study to get a high grade.

Another interpretation is that the histograms demonstrate that the present
course is better suited to the maths/physics students than to the biochemists.
As argued by Biggs and Tang (2007, p. 171f), a bell-shaped curve of grades
is not desirable: If the teaching and learning is good, we should have every
reason not to expect a bell-shaped curve at university level, both because
the students are not randomly selected, and because we should be able to
make most of the students turn to deep learning instead of surface learning.
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Math and Phys students 12| Biochem students

25 2 0
Multiple choice test: score

Fig. 9.3. Multiple-choice test: scores

Looking ahead: Re-organizing the problem-solving classes

The evident success of Matlntro in bringing much higher pass rates makes
it difficult to argue for a total restructure of the course. If I had the power,
I would basically advocate splitting the course into fraction one for the
maths/phys students and another for the chem/biochem students. However,
a smaller re-organization of the problem-solving classes might solve some
of the problems related to very large differences in maths capabilities of the
biochemistry students.

The situation reminds me of an approach that was presented during
the KNUD course, and used in an undergraduate-level physics course at
the University of Copenhagen. In that case the teaching in three parallel
exercise classes varied according to the level of preparation that the students
had. The students could then choose on a day-to-day basis which class to
attend, depending on how well they understood the topic, and how much
they had prepared for the exercises:

1. One classroom for the students that had not prepared at all, or could
not solve any of the problems.

2. One for the students who had tried to go through the exercises, but
could not do it all (or did not have the time).

3. One for the students who had done all the exercises, and would like to
discuss the fine details of the exercises, or perhaps look at advanced
exercises.

Obviously, such an approach requires that the number of students is suf-
ficiently high to have three parallel classes. With more than 600 students
this is not a problem for Matlntro, not even if we consider the biochemistry
students only, which totals about 120 students in four classes.



9 Active students in problem-solving classes 103

Such differentiation would solve the problems with students getting
frustrated because the level is not appropriate for them. When I introduced
this idea to my fellow teachers at the MatIntro course, they raised two ques-
tions:

1. Administration: It will be a nightmare in terms of administration - what
if all the students choose to go to the same classroom? What about the
hand-in exercises?

2. Inspiration: Do the weaker students not need to be inspired by the
strong students? If they do not experience how the strong students han-
dle the exercises, how can they improve themselves?

My answer is that implementation of new ideas always require more energy
and effort than doing the usual thing — however, in this case I think there
are good reasons for trying a new scheme. If the level of the students is
different that expected, e.g. that all students arrive well prepared, then the
teachers have to adapt e.g. with more classrooms at higher level, and none
at low level.

Regarding the inspiration from better students, my experience is that
students tend to find study partners that are more or less on level with them-
selves. Consequently this source of inspiration is probably not much present
anyway, unless the classroom TLAs are of the cooperative learning type.
Furthermore, the students can always move to one of the other classrooms
if they want to be inspired at another level — the differentiation is entirely
based on the students’ own idea about where they think they will learn the
most. I will propose this idea as a pilot project for next year’s Matlntro
course.

Post-course evaluation and conclusion

On the last day of the course, I tried to get some further responses from
the students, and I asked them the following question, which was to be
answered anonymously on a post-it note:

Please give your best suggestion for an improvement in the problem-
solving classes.

Apart from expressing their general satisfaction with the teaching (which I
did not ask for), I got the following suggestions for improvements:

1. More student activation/interaction.
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2. More emphasis on the necessity to prepare at home before the classes.

3. More exam questions (at least one each class day).

4. More strict use of the blackboard (I apparently have a tendency to mess
it up)

5. More cake!

I was surprised by suggestion 1 as my impression was that most students
thought there was plenty of activation. At least this suggestion will encour-
age me to try even more ideas next year. Suggestion 2 is something I have
not considered very much — in my standard version of the (unspoken) di-
dactic contract, preparing at home is mandatory. But I will emphasize the
need to prepare before class next year, or even design small assignments
that will ensure they have prepared. Suggestion 3 was expected: Again,
the “backwash” effect. Suggestion 4 was also expected, and the use of the
blackboard is something I am constantly struggling with. Suggestion 5 is of
course not serious, since I think we had about as much cake as anyone can
eat. See below for further comments on the quality and quantity of cake.

My class of students ended with a mean final score very similar to the
other biochemistry classes, and quite a bit lower than the scores for the
chemistry, physics and maths students.

There are other ways to measure success than the final grading, and
I can say that I have personally enjoyed the helpful, hard-working and
enthusiastic atmosphere that I believe was partly created as a product of
the student-centred TLAs. That the students also enjoyed and contributed
tremendously to this atmosphere is also reflected in the number of home-
made cakes from students that we enjoyed during the course. I volunteered
to bring cake the last day of the course. I hope my teaching abilities are
better than my cake was.
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Copenhagen

Introduction

I am taking part in teaching the course of Pharmaceutical Physical Chem-
istry course at the Faculty of Pharmaceutical Sciences (FARMA). In ad-
dition to teaching pure physical chemistry principles at the undergraduate
level, the course aims to provide insight and to develop deeper understand-
ing in different topics that are important for the students to learn due to their
pharmaceutical relevance. It should be pointed out that the physical chem-
istry course is a prerequisite for admission to different interdisciplinary
courses on the advanced level in the faculty. The Pharmaceutical Physi-
cal Chemistry course consists of large class lectures, small exercise classes
and a laboratory course. In this project, I will focus only on evaluating the
laboratory course of the Pharmaceutical Physical Chemistry (see below for
a short description of this course). Here, my main concern is how to lead
the students to be efficiently engaged (the required active participation) and
to fully understand the laboratory exercises. In general, there are different
factors (Hahn & Polik; 2004) that may affect the overall degree of success
in teaching physical chemistry. I believe that the following four issues are
among the most important factors that we need to consider as teachers in
pharmaceutical physical chemistry in order to help students to achieve the
intended learning outcomes of the course and to obtain a higher degree of
success: (1) the low preparation level of some students for the laboratory
exercises, (2) the lack of scientific interest to learn, (3) the difficulties in
understanding the basic principles, and (4) the difficulties in solving phys-
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ical chemistry problems in the reports, which are typically described with
mathematical expressions.

My main purpose is to evaluate and to understand students’ perceptions
of the learning difficulties, to learn from their proposed improvements, and
to avoid obstacles or difficulties when performing the exercises and also
when writing the reports.

The following main questions guided the present report:

1. Do we need to improve the written text of the procedures of the labora-
tory exercises and the underlying theory? Are there any points that are
not clear in these two parts?

2. How do the students evaluate the provided aids (the theoretical back-
ground, the experimental procedures, and the mentioned relevant chap-
ters of their textbook)?

. What part of the exercises does the students like/dislike?

. How do the students evaluate the safety issues in the laboratory?

5. Are there any general recommendations from the students to improve

the course?

B~ W

Details of the laboratory course

Before describing laboratory course in detail, I will briefly present the three
following main teaching activities in the Pharmaceutical Physical Chem-
istry course: large class lecturing, small class teaching on exercises, and the
laboratory course. The relationship between these activities and the written
exam is well established.

Large class teaching

The 45-minute lecture course deals with various topics including thermody-
namics, electrolyte and non-electrolyte solutions, states of matter, chemical
kinetics etc. Here, it is important to mention that the lectures are designed to
make a link between the concepts being taught and the relevant laboratory
exercises and the pharmaceutical relevance.

Small exercises class

Different chemical behaviours are explained by mathematical expressions
and learning them is very important tool for predicting students’ perfor-
mance in solving problems. The students have the opportunity to work in
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small teams for problem-solving on different topics described in the large
class lectures. The students interact more with the teacher than is possible
in the large class.

The laboratory exercises: Active participation and reports

In the laboratory course, the students work on exercises in pairs or in a
few cases, groups of three. The students carry out twelve different prac-
tical exercises in major topics of physical chemistry that were presented
in the lectures. The course is structured to have eleven meetings in total
during autumn to perform the exercises, which are designed to ensure ac-
tive participation and direct student-teacher interaction, and to develop stu-
dents’ skills in performing the experiments by using different techniques
as well as in reporting the experimental data obtained. Active participation
means that all experimental exercises are satisfactorily performed within a
four-hour period, and the reports with data analysis and answers of relevant
questions are submitted at time and must be approved by the teacher. Each
group is expected to complete the lab report which is due at the beginning
of the next laboratory period. As the teacher, I circulate among the students
while they perform the exercises to discuss their experimental data and to
check their level of understanding level of these exercises by asking related
questions. This leads in many cases to me asking the students to report on
their experience while performing the exercises and helping if there are any
problems or any points which are not clear.

Questionnaire

In order to give the students the opportunity to evaluate the practical ex-
ercises in the laboratory course anonymously, I prepared a short question-
naire consisting of ten multiple-choice questions with eight of them rated
on a 5-point scale and six additional free-response questions (the question-
naire is given in Appendix A). The last two narrative questions were on
evaluating the overall course. It was important to formulate the questions
to be specific to the lab exercises. The questionnaire was reviewed by other
teachers who were involved in this course and also by our KNUD teacher
Camilla @sterberg Rump. The contribution of both Camilla and my col-
leagues was very helpful in shaping the final form of the written questions.
Among other things, this questionnaire was designed to shed light on the
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difficulties/obstacles on learning at the lab course and to focus on how to
improve the learning environment after analyzing the students’ answers and
their comments/suggestions. Some of the specific questions were related
to the written reports; therefore, it was important to ask the small groups
(two or three students per group) to complete the questionnaires cooper-
atively (team reflection) after finishing their reports. The participation of
the students in this project was voluntary. The selection of the five labo-
ratory exercises was based on either their pharmaceutical relevance or the
observed degree of difficulty students experienced in writing their reports.
These lab exercises cover different physical chemistry topics including col-
ligative properties, calculation of partition (P) and distribution coefficients
(D), electrochemical processes, specific acid and specific base catalysis,
and diffusion process.

We evaluated the responses to 75 questionnaires. In this project, we
focus only on discussing the average responses given to the ten multiple-
choice questions for the five laboratory exercises and the summary of re-
sponses of the six additional free-response questions. It is worth mention-
ing that the responses to every specific exercise will be discussed with the
teachers of the course. In general, the students’ responses on the differ-
ent exercises were similar. Therefore, it is worth reporting here on the data
analysis of the average responses given to the five exercises.

Results and discussion

The students’ responses to the multiple-choice questions

Pre-Laboratory Preparation: Of the 75 responses, 60% of the students spent
only 15-30 minutes on the pre-laboratory preparation including reading the
experimental procedure with specific instructions on how to operate each
instrument and the theoretical background (Fig. 10.1a), while 33% spent
30-60 minutes. Such a low preparation level is remarkable and surprising,
especially in that 4% did not prepare at all, and only 3% spent 60-120 min-
utes on the pre-laboratory preparation. The efficiency of this preparation
within the mentioned time periods is also an important issue but it is a
difficult task to evaluate and therefore it was not tackled in this project.
As presented in figure 10.1b, 31% of the students felt that their degree of
preparation for performing the exercises was good, and 47% were neutral.
22% indicated either a poor or fair degree of preparation. Only 1% of the
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students felt that they were well-prepared. Here, the lack of motivation of
some students could also significantly affect the preparation level. It was
reported that the lack of motivation in physical chemistry courses could be
attributed to the abstract nature of concepts in these courses and the high
level of mathematical knowledge required (Hahn & Polik; 2004; Sozbilir;
2004; Tsaparlis & Gorezi; 2005). Pre-laboratory preparation is highly im-
portant for the deep understanding of the laboratory exercises (Johnstone
& Al-Shuaili; 2001; Rollnick et al.; 2001). As Johnstone and Al-Shuaili
(2001) observe:

“investigation is very knowledge dependent and cannot take place in a
knowledge vacuum”.

Clearly, there is a need to increase the level of students’ preparedness to en-
sure a higher degree of understanding and active engagement in the labora-
tory. Rollnick et al. (2001) reported on the importance of adequate student
preparation for the laboratory and discussed the different degrees of pre-
paredness found between prepared and less prepared students. It was also
easy to distinguish between these two different groups in this laboratory
course. Three aspects of the pre-laboratory preparation which are helpful
in achieving the successful completion of a practical were identified (Roll-
nick et al.; 2001):

1. A “bird’s eye view” of the practical. This can be achieved by asking the
students to prepare a half-page synopsis of their lab exercises, which in-
cludes the aim of the exercise, background and procedural information
including the important experimental elements such as specific reac-
tions, relations, or substances.

2. Prerequisite knowledge required to perform the exercises. This can be
achieved by including a set of pre-laboratory questions. In our course,
there are few written questions on every exercise included in the labo-
ratory manual. To increase the pre-preparation level, I suggest prepar-
ing a few additional multiple-choice questions that the students have to
complete before performing the exercises. There is need also to have
more pre-laboratory discussions with the students.

3. A detailed understanding of the experimental steps. Asking the students
to prepare a flow diagram is one method that can be used.

These aspects and the proposed suggestions will be discussed with other
teachers of this course to see what can be changed to increase the degree of
preparation. In particular, after the analysis of the students’ responses (Fig.
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10.1(c)) to the question of how they evaluate their degree of understanding
the written laboratory manual before the exercises, only 25% felt that their
degree of understanding was good whereas 50% felt that the degree is either
poor (15%) or fair (35%). According to Rollnick et al. (2001):

“It is the next tier down that obligatory preparation benefits most those
who willing in spirit but poorly organized or those who would skip prepa-
ration because of the load of other academic work”.
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Fig. 10.1. The students’ responses to how much time they spent on the pre-
laboratory preparation (a), the degree of their preparation (b), and their understand-
ing of the written laboratory manual (c).

Writing the report

The time needed to complete the reports and to answer the included ques-
tions is dependent, among other factors, on the number of tasks involved,
the questions and the degree of difficulty in understanding the experimental
exercise. Among students, this time would vary from group to group. For
instance, it took relatively more time to complete the reports for the two ex-
perimental exercises on the colligative properties and the electrochemical
processes, which some students find relatively difficult and which demand
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more time to answer the questions related to the experimental data. Also, it
generally takes more time for less well prepared students to complete their
reports. In general, the approval of their reports by the teacher also requires
more time than for well prepared students. As indicated from the students’
responses, most students completed their five reports within 1-3 (36% of
the students) or 3-6 hours (31%). 22% completed their reports within 6-9
hours and 7% needed more than 9 hours (Fig. 10.2a).

(b)
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Students’ Responses

Excellent
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Fig. 10.2. The students’ responses to how much time they spent after the exercise
on writing the report (a), the degree of understanding the exercise after writing the
report (b), and their rate to the provided aids.

The students’ response to the question on the degree of understanding
the exercises after writing the report was positive and encouraging (Fig.
10.2b). 62% of the students felt that their understanding was good (55%) or
excellent (7%), although some of them had a neutral response (31%). Fig-
ure 10.2¢c and 10.2b indicates that the laboratory experience is very effective
in teaching physical chemistry. The presented data indicated a significant
improvement in understanding the topics after performing exercises and
writing their reports due to the active student-student and student-teacher
interactions and also due to the involvement in the practical activities. I be-
lieve that increasing the level of the pre-laboratory preparation by consid-
ering the suggested changes is an important step that can be helpful in im-
proving to an even higher level of understanding physical chemistry in the
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laboratory. The provided aids including the laboratory manual (the theore-
tical background and the experimental procedure) and the mentioned chap-
ters of the used textbook in this manual were rated 4 or 5 from 5 by 52%
of the students (Fig. 10.2¢c). The written theoretical background and the ex-
perimental procedure in the laboratory manual were rated 4 or 5 by 69%
and 78%, respectively (Fig. 10.3). Some students indicated that it was hard
for them to understand the written theoretical background in some of these
exercises. The main reason was performing the experiments before learn-
ing the relevant topic in the lectures (the lectures and the laboratory course
are offered in the same semester). There were also some students who felt
that the mentioned chapters of the textbook were not very helpful in under-
standing and writing the reports of some of the exercises. Here, the students
should take advantage of the direct student-teacher interactions in the labo-
ratory and the pre-laboratory discussions to improve the understanding of
the relevant topics. But such interaction is not efficient when some students
are not motivated or not well-prepared to perform the experiments.

Scale of Rating
Subject 1 D 3 4 5
The theoretical background 7% 7% 17% 57% 12%
The experimental procedure 1% 5% 12% 55% 23%
The safety at lab 1% 5% 9% 31% 53%
The overall learning outcome 4% 11% 17% 64% 4%

Fig. 10.3. Learning outcome from the exercises.

Most of the students highly agreed (53%) or agreed (31%) that they did
not experience any safety issue during performing the exercises (Fig. 10.3).
This was very positive evaluation of the safety of the laboratory.

The overall learning outcome

The learning outcome from the exercises was rated 4 or 5 by 68% of the
students (Fig. 10.3). This indicates that the practical laboratory work is ef-
ficient tool in learning physical chemistry. The students have a good op-
portunity to examine the presented experiments, to develop their awareness
on the frequently used methods when performing the experiments and how
to use them, and to comprehend the basics of different physical chemistry
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topics. The positive evaluation of their laboratory experience is described
below in detail.

The evaluation of the free-response questions

The free-response answers of the students to questions 11-13 including the
most positive and most negative aspects of the laboratory exercises, are
summarized in Figure 10.4. Among the most positive aspects, the students
mentioned the important role of teachers in helping with both the practical
exercises and the reports. We recall here the research study of Herrington
and Nakhleh (2003) reporting on how the chemistry laboratory instruction,
which is different from that in the classroom instruction, is important to
consider for developing successful and effective teaching of chemistry in
the laboratory. The mentioned negative aspects were mainly related to dif-
ficulties in understanding the exercises and writing the reports. There were
also various suggestions from students (answers to question 14) for changes
that could be made to improve some exercises. To avoid repetition, these
suggestions are summarized below with other changes suggested by the
students for improving the overall course. In general, most students were
very satisfied with the course. As an example of an answer to question 15,
one student group mentioned:

“Overordnet er kurset rigtig godt. Vi far meget ud at lave rap-
porterne. Der har dog veret nogle af gvelserne, hvor vi har forstaet
teori bag under udfgrelsen af gvelse. Rapporterne har hjulpet pa
forstaelsen.”

The students’ suggestions for improving the overall laboratory course

The students mentioned a number of improvements that might be made.
The main given suggestions were:

1. To improve the written theoretical part in the laboratory manual for
some exercises. Some students commented that they felt that this part
is difficult to understand and/or included irrelevant information. It was
suggested to write it in a simple manner.

2. To improve the written experimental procedure in a few exercises.
Some students suggested writing this part in more detail and writing
it in a simple manner with short and simple sentences.
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What were the most positive aspects?

1. Efficient for learning and understanding the theory given in
the lectures

2. Developing practical skills in performing experiments and
using techniques

3. The exercises are linked to the written exams.
Understanding them leads to good performance in the exam
4. Good supervision from the teachers at the lab

5. Good technical support from the technicians

6. The pharmaceutical relevance of some exercises

7. Learning how for first time to use different techniques

8. Exercises which easy to perform and to understand

9. Reports of some exercises that were easy to write.

10. Team work in the students’ groups

11. Safe exercises

12. Enjoyable experience when the exercises were well
understood

13. The detailed experimental procedures of some exercises
14. The overall knowledge gained when combining the
exercise with the written report

15. The techniques and the substances were ready to use

What were the most

negative aspects?

The theoretical part:

1. Difficulties in understanding the theoretical part

2. Not understanding the exercise and the obtained results

3. Performing the exercise before learning the theory

4. Difficulties in understanding the mathematical expressions
in the theoretical part

5. Feeling in few exercises that the theoretical part includes
points that were not relevant to the exercise and the report

6. Feeling that the theoretical part is not helpful in answering
the questions and the report

The exercises:

1. The need for more detailed experimental procedure in few
exercises

2. Feeling that the pharmaceutical relevance is missing in few
exercises

3. Some students disliked that one of these exercises is very
easy and fast

4. Difficulties in using the techniques

5. Technical problems during the exercise

6. Difficult time at the lab without pre-laboratory
preparation

7. Exercises that involve many experimental parts

8. Consuming long time in performing some exercises

9. Long waiting time in some exercises

10. Consuming time in few exercises for both cleaning and
setting up

11. Not understanding if the obtained results were
acceptable or not.

12. Not sufficient information in the first day of the course
13. Having only one teachers at the laboratory

14. Not enjoyable one exercise or more for some students
The report:

1. Difficulties in writing some reports

2. Reports that include many and/or difficult questions

3. Consuming long time in writing some reports

Fig. 10.4. Summary of students’ free response answer

To include more images/cartoons in the laboratory manual. These car-
toons help the students to understand the exercise and the experimental
procedure during their pre-laboratory preparation.

To insert more examples of the pharmaceutical relevance of the exer-
cises. Some students felt that few exercises are irrelevant to their phar-
maceutical education. We need to consider in more depth the need of
highlighting the pharmaceutical relevance of these exercises.

To improve the written questions for some reports. Some students felt
also that there were too many questions in a few exercises.

Some students commented that it would be helpful to consider having
more than one teacher in the course. The students felt that they did not
need to wait so long for having support in the first two weeks when two
teachers were in the laboratory. However, it is difficult to have more
than one teacher due to the limited financial and teaching resources.
In addition, the students have to wait only a few minutes to get the
required support from the teacher.
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Conclusions

The evaluation of the students’ responses showed that the majority of them
were satisfied with the course. Their responses indicated that they felt that
the laboratory course is an effective learning tool. This is an indication in
itself of a successful course. One important finding was the low level of pre-
laboratory preparation among students, meaning that only a few students
were ready to perform the exercises. In an attempt to address this problem,
we suggested few changes that could be adopted the course. In addition,
the students offered a number of suggestions for improving the laboratory
work. These suggestions and the mentioned changes will be discussed with
other teachers of the course to check what we can do to improve the learning
environment.
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A Questionnaires About the Laboratory Exercises

Questionnaire about the Laboratory Exercises
A22-2: Pharmaceutical Physical Chemistry

The main purpose of this questionnaire: our main goal is to provide you with an excellent learning environment for achieving
the intended learning outcomes of this course as described in the following link:
http://www.farma.ku.dk/index.php/Farmaceutisk-fysisk-kemi-oeve/6110/0/). In this regard, your feedback will be important to
improve these exercises. This questionnaire is designed to provide accounting of how you reflect as student on these exercises
and what to do to improve them in order to meet the intended learning outcomes of the course.

Please note that the questions mentioned in the sections I-IV are related to your feedback on the specific exercise and the
questions mentioned in the section V are on your overall experience of the laboratory course

L. How did you prepare at home before the laboratory exercise?:
1. How much time did you spend preparing at home before the laboratory exercise? [Minutes]
0

15-30
30-60
60-120
>120
2. To what degree did you feel prepared and ready for performing the exercise?
Poor 1
Fair 2
Neutral 3
Good 4
Excellent 5

3. To what degree did you feel that you understood the written theoretical background and the experimental procedure before the
exercise?
Poor
Fair
Neutral
Good
Excellent
II. How much effort and time were invested during writing the report?:

4. How much time did you spend after the laboratory exercise on reading the material, analysing data and writing the report
altogether? [Hours]

[ ST

<1
1-3
3-6
6-9
>9
5. After having written the report, to what degree do you feel that you understand the exercise?
Poor 1
Fair 2
Neutral 3
Good 4
Excellent 5

6. How do you rate the provided aids (the theoretical background, the experimental procedure, and the mentioned chapters of
your textbook) as being of use for writing the report?

Poor 1
Fair 2
Neutral 3
Good 4
Excellent 5

IIL. Rating Your Laboratory Exercise:
Please circle the number that corresponds to your level of satisfaction* (with the following aspects of your laboratory exercise as
follows):
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*Please focus on how you find the provided materials (the theoretical background and the experimental procedure) to be
particularly important during performing the exercise and reporting on the experimental data and how they affect overall your
understanding level.

7. The written theoretical background: I found that the written theoretical background is very helpful in understanding what the
exercise was about
Highly agree

Agree

Neither agree nor disagree
Disagree

Highly disagree

8. The written experimental procedure: I found that the written experimental procedure is very helpful in understanding what the
exercise was about
Highly agree

Agree

Neither agree nor disagree
Disagree

Highly disagree

9. Safety issues in relation to the exercise: I did not experience safety issues during the exercise that had not been addressed in the
written experimental procedure

— WA w

— WL

Highly agree 5
Agree 4
Neither agree nor disagree 3
Disagree 2
Highly disagree 1
10. How do you rate your overall learning outcome from the laboratory exercise?
Poor 1
Fair 2
Neutral 3
Good 4
Excellent 5

1V. Narrative Questions on the Laboratory Exercise:

11. What were the most positive aspects of your laboratory exercise? (or what did you like most in your exercise?)
12. What were the most negative aspects of your exercise? (or what did you dislike most in your exercise?)

13. Please give your comments on the laboratory exercise

14. Where do you feel improvements could be made?

V. Narrative Questions on your overall experience of the laboratory course:

15. How do you evaluate the laboratory course? Please mention the reasons for your satisfaction or dissatisfaction?
16. Do you have any suggestions for improving the overall laboratory course?
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Learning based on students’ active participation
in transforming theory into practice — as
perceived by the students

Annie Hggh

Department of Psychology, SAMF, University of Copenhagen

Introduction

According to the theory of constructivism, learners construct their know-
ledge with their own activities building on what they already know and
understand (Biggs & Tang; 2007, p. 21). Thus, teaching is not a matter of
transmitting but of engaging students in active learning.

Last autumn I developed a dialogue-based seminar where I gave lec-
tures part of the time and the students participated in discussions, saw film
clips and video case stories and analyzed paper-based cases. However, [ had
the feeling that the students did not really read the mandatory literature, at
least not until after a mid-term exam, and that it affected their participation
during class. Sometimes it made it difficult to have an active discussion in
class. So, in order to further develop the seminar I wanted to encourage stu-
dent participation by letting them work in groups preparing presentations
of theories and models from the mandatory literature for use in analyzing
case stories.

The seminar

The title of the seminar was: Psychosocial work environment: Conflicts,
negative behaviour and bullying in the workplace. Nineteen students were
enrolled in the seminar and they participated in the whole seminar. Most
of the students were Danish and some were from Norway or Sweden. Ap-
proximately three-quarters of the students attended the class on a weekly
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basis, at times a little more and at times a little less. I do not think that this
is unusual for this type of course.

The course was outlined as a weekly two-hour seminar over twelve
weeks between September and December with a mandatory curriculum of
600 pages which was used in class. The literature was mainly scientific arti-
cles and book chapters selected to cover the different topics of the seminar.
In addition, the students needed to select 600 pages by themselves primarily
for use in a synopsis exam. The exam is an oral exam based on a synopsis
and includes supervision of the students which takes place in the second
half of January.

A general outline of the seminar that was given to the students before
they signed up for it:

At the seminar the concepts of conflicts, negative behaviour and bullying
will be illustrated from a work psychological, managerial and relational
perspective and by use of theories in these areas. At the seminar we will
analyse risk factors/antecedents and consequences of conflicts, negative
behaviour and bullying for the individual, the group and the organisation.
The seminar will also include a discussion on how you can work with
prevention and rehabilitation in connection with these forms of behaviour
in organisations. The seminar will include lectures and case analyses and
the students are expected to participate actively by giving presentations
and participating in exercises (Source: Teaching plan, autumn 2010).

In order to motivate the students into volunteering to give a presenta-
tion, I argued that it would be a practical exercise for the exam, where they
also have to give a ten-minute presentation. Accordingly, many students
volunteered at the first session, two backed out again because they were not
able to participate in the session they had chosen for their presentation and
they did not want to take up another. The rest I tried to motivate along the
way, however there were three students who did not want to do a presenta-
tion.

General instructions were given in the first session included that they
should present one or two theories from the curriculum of the session that
they chose. I also suggested that their presentation should only last approx-
imately ten minutes. I tried to talk with the students in the session before
they had their own presentation to make sure they knew what they should
do. However, that was not always possible for various reasons.

The inteded learning outcomes (ILOs) were presented at every session
and an overall ILO for the whole seminar was outlined in the first ses-
sion: the purpose of the seminar is that you acquire knowledge about the
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psychosocial work environment with special focus on what may go wrong
between people and the potential consequences that may have for the in-
dividual, the work group and the organization as a whole and how it may
be prevented. The session ILOs were also focused on acquiring knowledge
and some of them included that the students should be able to analyse a
case.

In the first session, the students were asked to write their expectations
for the seminar on a piece of paper, which I collected and tried to include
when planning the sessions.

The seminar was organized so that every session included either reflec-
tions on a problem or a theory and/or case analyses in small (two persons) or
bigger (four-five persons) groups based on the theory or models presented.

Evaluation of the seminar

The evaluation was carried out using a semi-structured questionnaire with
seven quantitative questions and seven open-ended questions. The question-
naire was given to the students at the end of the seminar; two students filled
in the questionnaire at the second to last session and two students were not
present at the last session and did not fill in the questionnaire. One of the
last two had participated in very few sessions (this student was the only
one). The questionnaire also included an evaluation of the expectations that
the students were asked to formulate at the start of the seminar.

A qualitative group-based mid-term evaluation was also carried out and
the results were used to adapt the teaching of the second part of the seminar.

Results of the evaluation

To the first question: “Will you be able to use what you have learned at
the seminar”, fourteen students ticked the “to a high degree” box and three
students the “to a very high degree” box.

The next question asked whether they had given a presentation; six stu-
dents had done so together with one other student, five together with two
other students, one had done it on her own and five had not given a presen-
tation. A qualitative question asked them to describe how it was to give a
presentation. All twelve students who had given a presentation made a com-
ment. Ten students wrote that it was positive, a fine process, fun, a learning
experience. One wrote that the articles were exciting and another that (s)he
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learned from summarizing theory from different articles, to present and dis-
cuss in plenum. One noted that it was a different and positive process to
work through the texts in a different way than just reading them. One found
that it was manageable, which was positive because it motivates one to give
a presentation when it does not seem immense. A couple of students wrote
that the audience was positive.

On the more negative side, two students indicated that the instructions
were not clear enough. One felt that she was cut off by the teacher because
they talked about something that was on the agenda for the next session.
One found that the teacher asked many difficult questions and hoped that
it would not be so at the exam. One felt that it was a learning experience
for the presenter but not always so for the listeners. One student experi-
enced a great freedom with regard to expectations and how it was done,
which (s)he appreciated but felt that the quality could have been higher if
the instructions were more specific with regard to critique of theories, use of
PowerPoint etc. Some students just summarized the articles which was not
very interesting, I think. It would have been more interesting to find special
points, questions of doubt or something else that would have generated a
discussion.

The students were also asked about their experience of the other stu-
dents’ presentations. All students made a comment; and thirteen had pos-
itive comments: structured and interesting, professional, useful, exciting,
relevant, some better than others, everybody was prepared and knew the
theory, the PowerPoint presentation was good, nice to hear other students’
interpretation of the texts. On the negative side were comments like: dif-
ferent standards, should have been shorter, sometimes too much repetition
and a little boring when you had read the text yourself, too bad that not ev-
erybody had a presentation, often it was too time consuming, but also nice
with variation of the teaching.

The students were also asked what they thought about the format of the
seminar in general. There were four response categories between “really
good” and “bad”; five students ticked “really good”, eight ticked “good”
and one ticked the third category “not so good”. One ticked in between
“really good” and “good” one in between “good” and “not so good”.

Fifteen students also wrote comments. They were mostly positive: they
liked the variation between lectures, student presentation, reflections and
opinions, that there was time to discuss theories and methods, analyzing
cases in the form of film clips/videos and written cases, aimed towards use
in real life.
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The last question asked whether the seminar met their expectations; six
students wrote “yes, to a high degree”, nine ticked “to some degree” and
two ticked “no”. Twelve students wrote comments. A few wrote that the
atmosphere was good.

Discussion

The evaluation of the seminar shows that the students generally speaking
were satisfied with the active form of the seminar and all found that they
could use the knowledge that they had acquired during the seminar to a high
or very high degree. The seminar exam is after the deadline of this paper,
so the level of actual learning will be evaluated later.

According to Mazur (1997) most students tend to read their textbooks
too quickly without reflecting on the meaning of what they have just read.
Thus, a more participatory way of preparing for class may be a better learn-
ing experience. As one of the students commented in the evaluation: it was
“a different and positive process to work through the texts in a different way
than just reading it”.

I do not think that student presentations should be the only activity in
the class since the person(s) who learn the most will be the presenters.
However, in combination with the other activities, including group analyses
of cases whether they were presented in film clips, videos or written cases,
it will enhance the learning of the individual student. Still, some students
found that it was “nice to hear other students’ interpretation of the texts”.
Thus, you can also learn from other people’s interpretation and how they
choose to present a text.

Some students found that I as a teacher asked too many difficult ques-
tions. According to Brousseau’s theory of didactic situations (Christiansen
& Olsen; 2006) people learn by relating to specific situations. Such situa-
tions may be created through case stories that the students discuss and anal-
yse among themselves. The theory of didactic situations points out that it is
important that a “personalization” takes place, for the students to find the
teaching meaningful and relevant. Instead of the teacher asking questions
in relation to the presentation, deeper knowledge may be attained when the
students analyse the cases together with fellow students and present possi-
ble problems and discuss them in plenum afterwards. The teacher partici-
pates in plenum discussions primarily as the coordinator and leader of the
discussion.



124 Annie Hggh

Adaptation to an environment — Piaget’s basic metaphor about learning
(Christiansen & Olsen; 2006) — is important for didactic situations. How-
ever, adaptation demands a personalization of the text. An even higher level
of personalization would be possible if the students were to discuss their
personal experience with the subject to a higher degree, as a couple of stu-
dents suggested in the evaluation. This would demand a high level of con-
fidence and security in class. I think that this was present in this particular
class — some of the students wrote in the evaluation that there was a good
climate and atmosphere in class which made it possible for at least some
students to talk about their own experiences. This is in line with Brousseau,
in so far as he emphasizes social relations and their importance for learning
(Christiansen & Olsen; 2006). However, it is also an important task of the
teacher to make sure that the reflections on the texts or cases do not move
to any great extent from an academic and analytical perspective to a more
personal and anecdotal one.

In general, the objectives of the course seemed to be met at least when
looking at the evaluation. In this regard, they met the expectations of fifteen
out of seventeen students. Whether they actually learned something will be
revealed at the exam. Some of the students had hoped for concrete, practical
and useful knowledge about the subject and felt that they had achieved that.
In future seminars, I will focus the objectives even more on the ability of
the students to analyse cases.

The level of activity in the seminar was quite high. Some students were
most active in small groups, however, I think that is quite normal and it is
therefore important that group work is possible in class. The general level
of activity was high, even for this sort of course. The students evaluated
their own activity a bit higher than their fellow students did.

In conclusion, I think that introducing the student presentations was a
success and I will use this in future seminars of this type. It should not
be the only student activity, though, but together with the other activities I
think that it worked out well.
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Group work: A learning barrier?

Alberto Grossi

Department of Food Science, LIFE, University of Copenhagen

Purpose

During Block 1 2010 I was involved for the first time in “Physical and
Chemical Changes of Food Quality” in the Department of Food Science,
Faculty of Life Sciences. Inspired by “Teaching for Quality Learning at
University” (Biggs & Tang; 2007) and by stimulating discussions with pe-
dagogical supervisors and colleagues, I started thinking about how I could
design some learning activities that could make group work (GW) the cen-
tre of a stimulating and involving learning experience.

In this project, I intended to discuss the use of GW as a teaching tool
and to suggest that learning experiences will be more effective if planned in
a structured way with teachers taking account of the relationships between
group size, interaction type and the nature of the intended learning task.

Introduction

Background

I am a postdoctoral researcher and I was involved as a teacher in “Phys-
ical and Chemical Changes of Food Quality”. It is quite common in the
Department of Food Science that the responsibility to design and structure
the laboratory practicals of a course is assigned to a postdoc or an assistant
professor.
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I was really positive about the idea of playing a role in the laboratory
practicals of this course because I think that practical work is really impor-
tant in science education for two main reasons: it promotes conceptual and
procedural learning. The first accentuates the fact that students are phys-
ically and practically involved in some lab activities. During these activi-
ties their ability to understand is amplified, moreover, practical work can
provide concrete reinforcement of abstract ideas. The second argument un-
derlines the idea that the students are directed towards understanding the
nature of scientific inquiry. On top of this, practical work gives the stu-
dents experience in problem-solving, provides opportunity for creativity,
motivates students and generates interest in developing laboratory skills,
such as using equipment safely and accurately and process skills: observ-
ing, measuring, classifying and hypothesizing (Dewey; 1995).

Why group work?

I really think that students learn best when they are actively involved in
the process. Indeed some studies report that, regardless of the subject mat-
ter, students working in small groups tend to learn more of what is taught
and retain it longer than when the same content is presented in other in-
structional formats. Students who work in collaborative groups also appear
more satisfied with their classes (Davis; n.d.). For these reasons, I intended
to make GW one of the main elements when I was designing the laboratory
work.

The Danish students have been accustomed to mature GW skills to
some extend from their previous education, but for many international stu-
dents this approach is quite unique. Since the University of Copenhagen is
trying to develop itself as a leading international university and thus try-
ing to attract more international students, it is really important to develop
teaching and learning activities that can overcome some barriers to learn-
ing induced by the different educational and cultural backgrounds of the
students.

My intention was to design activities during the course that could in-
crease student-student interaction and also student-faculty interaction.
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Course description

Physical and chemical changes of food quality

“Physical and Chemical Changes of Food Quality” is a course at LIFE at
the University of Copenhagen which is offered to students at Bachelor’s and
Master’s degree level. Teaching was conducted over eight weeks on Tues-
days with four hours of lectures and Thursdays with two hours of lectures
and six hours of practical exercises.

2010 Physical and chemical changes of food quality (27 00 25)
week | 36 370) ) ) 2005) 416) 20 ) +40) Topics
139 [ 15 [ 205 [ 235 | 2w9 [ 305 | sno [ 710 | 1210 140 | 1970 [ 2110 | 20 [ 2sn0 | asmy Wat: Water and physical state
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HP: High pressure food technology
PrO: Protein oxidation
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CP: Conceptual map presentations

Fig. 12.1. Course structure.

On the course home page, it is stated that the course covers the follow-
ing topics: thermodynamic stability of food, kinetic description of changes
in foods in relation to stability and quality changes, specific physical and
chemical processes, control of physical and chemical changes in foods, the
use of chemical and physical principles for the description of changes, theo-
retical and practical experience with several experimental methods for char-
acterization and studying the physical and chemical stability of foods.

Intended learning outcomes of the course

The specific learning objectives of the course are grouped into knowledge
skills and competences (taken from the web-page). Students acquire quali-
fications such as skills and knowledge in the following areas:

e Identify and describe the chemical and physical mechanisms of com-
mon physical and chemical deteriorative processes in food.

e Describe commonly applied methods for preventing physical and chem-
ical deteriorative processes in food.
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e Apply concepts from chemistry, kinetics and thermodynamics to de-
scribe food stability quantitatively.

e Apply selected analytical methods that are relevant for describing phys-
ical and chemical food stability.
Reading and using original scientific literature.
Present orally and in writing physical and chemical phenomena that are
associated with changes of food quality.

Beyond these skills and knowledge, the following academic goal was de-
fined in terms of competences to be assessed and evaluated during the
exam: Evaluate and predict the physical and chemical quality of foods
based on experimental data and scientific literature.

Course activities

The laboratory practical

A detailed overview of the lab practical was presented to the students on
the first day of the course (by me), this presentation was structured as a
lecture using a PowerPoint presentation to illustrate graphically the project
work to be carried out, the description of the samples to be analyzed and
a timetable of the work. I also decided to form heterogeneous groups dur-
ing this time (based on the results of the first questionnaire, see Appendix
A) trying to have groups with at least one international student and one
Bachelor’s degree student in each group.

During the introductory lecture, I delivered a detailed map of laboratory
practicals to each student group. In this map, different laboratory exercises
are presented in a form of scientific protocol. At the beginning of the course,
I did not give any background on the different techniques to be used during
the practical, so that the students had to pay attention during the lectures in
order to gain the theoretical knowledge needed to understand the exercises.
In this way, the students will start working in the lab from day two with-
out a complete overview or understanding of the experiments. During the
practical, the students will receive feedback merely on the experiments.

Other activities during the course

Three more activities have been included in this course:
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Thinking time (to provide formative feedback)
Design a conceptual map (relate key concepts)
Presentation peer reviewed (communication skills, ability to criticize)

During the thinking time, the students will have the opportunity to re-
ceive active feedback from the teachers regarding theoretical lectures and
the practical exercise. To some extent, the thinking time can be considered
as a link between the practical and the theoretical lectures. Moreover, dur-
ing the thinking time, they will be asked to produce a conceptual map,
illustrating both the theoretical and practical part of the course. I think that
in student learning the designing of a conceptual map is a very important
step because it allows the students to see the connections between ideas
that they already have, to connect new ideas to knowledge that they already
have and to organize ideas in a logical, but not rigid structure that allows
future information to be included. Moreover, the process of actually con-
structing their own conceptual map is a powerful learning tool that in its
graphical nature has the force to help and guide the learner to think about
the relationships between concepts and ideas. The conceptual map is a key
element in this course since it is going to be used by the teacher as one of
the tools to assess the ability of the students to relate concepts during their
final examination.

The students will have the possibility to present the conceptual map to
the other groups and receive feedback from their colleagues. This is also
an important element to be included in a course since it stimulates critical
thinking and helps students clarify ideas through discussion and debate.

Intended learning
outcomes

-develop knowledge in chemical
and physical mechanisms of
deteriorative processes in food

-develop group skills: cooperation
skills, communication skills.

-developing effective reasoning
process: critical thinking skills
problem solving, relate concepts
and formulate hypothesis

Teachingand learning
activities

-Organization of the students in
heterogeneous groups (national
and educational background)
~Thinking time / (active feedback)
- constructing of a conceptual map
- presentation of the conceptual

map to the other groups (peer
roup supervision}

Assessments

-Summative assessment (oral exam})
based on:

-comment on a case study (ability to
hypothesize and connect newideas
to knowledge that you already have)
-the conceptual map (ability to
relate the main concepts of the
coursein a logical way}

-a written report(following scientific
article template)

Fig. 12.2. Schematic representation of the alignment of teaching and learning acti-
vities.
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Evaluation

Questionnaires

In addition to the standard course evaluation sent out to the students through
Absalon (virtual learning environment), two additional questionnaires were
delivered to the students also using Absalon: a pre-course questionnaire and
a mid-course questionnaire. The focus of the first questionnaire was on stu-
dent background, with regard to nationality, education and experience with
GW, and identified students’ views on the advantages and disadvantages of
GW. The latter was intended to evaluate the students’ perception of the GW
in this course by using rating scales from “strongly disagree” to “strongly
agree” for twelve questions and open answer possibilities for two questions
(see Appendix B). The questions were based on other questionnaires used
to evaluate GW and collaboration between international students identi-
fied from an internet search using the terms “Collaborative learning”, “Co-
operative Self-Evaluation” and “Peer Work Group Evaluation” and from
identification of specific issues concerning GW based on our own previous
experiences.

What did the student say about GW?

The students were generally satisfied with GW and they thought it was a
positive experience (see Appendix B for the results of the questionnaire in
detail). The majority of the students stated that their group worked together
well and that everyone shared responsibility for the work. Despite a good
GW environment, students gave different answers on the fact that discus-
sions were dominated by few people, but the disagreements did not delay
the work and they still managed to solve the problems that they encountered
during group work. One-third of the students disagreed that it was an advan-
tage to have people from different nationalities and that it was an advantage
to have people with different educational backgrounds. This was supported
by the fact that one-fifth of the students thought that language was a barrier
to working well together. Despite these few difficulties, a great majority
of students agreed that the GW enhanced their learning and the GW during
this course was a successful endeavour for them. Finally, they disagree with
the statement that during this course, too much of the teaching was based
on group work.

When the students were asked to describe their contribution to the GW,
the following key words were recorded:
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Organized, efficient, fun, engagement, smiling, organization, responsi-
bility, determination, equal contributions, enjoyable, educatory, participate
in discussions, capable of working independently.

The students also listed a few suggestions when asked which changes
they would implement in the course. Among these, it was stated that it
would be better to change from four to three students per group and that
it was a problem to have a group of students following different courses
because it made it difficult to find time to meet for writing reports and
discussing data.

Final remarks

I found it very interesting to be involved in this project because it also gave
me the opportunity to experience how to align intended learning outcomes
with teaching activities in connection with other teachers involved in the
course. Moreover, I found it very involving to work on student group work
(GW) considering the impact of the international and educational back-
ground. In the courses in which I am involved, GW is one of the main didac-
tical tools used to facilitate student learning. According to my experience, [
consider GW as one of the most stimulating activities for students, but some
obstacles are faced by students, especially in an international environment.
Among these different cultures, languages and educational backgrounds,
barriers could be created between the students and limit their possibilities
to succeed. For instance, I realized how important it is to plan each stage
of GW carefully from the beginning of the course; like how to organize
students in groups and help groups negotiate among themselves, and to
provide prompt feedback to the groups. I also think that when making any
assignment, it is fundamental to explain the goals of the group and define
any key concepts. In addition to a well defined project, every group needs to
know the time frame of the various activities and some guidance about the
possible contribution of the group members might be necessary, especially
in inexperienced groups. It is also important to explain how students will be
graded. One of the main messages that I gained from this experience is that
the teacher should learn how to deliver the skills to the students which they
need to succeed in groups. Many students have never experienced GW and
may need practice in such skills as active and tolerant listening, diversity
understanding, building more positive heterogeneous relationships, giving
and receiving constructive criticism and managing disagreements.
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Upon careful analysis, my experience suggests that in order to improve
GW from a student perspective, it is important that students are determined
to make their self-management skills more effective in a social context.
This simple message includes more complex mechanisms, like defining the
goal of the project by using a team approach and to know where the GW
is leading which should be kept in mind during the process. These mech-
anisms can be accomplished if the group of students define a clear set of
goals to achieve per week over the course, this is a very important step that
will ensure that the time-management does not fail and it will remove the
destructive feeling of “wasting time” for the group. A few different tools
could be suggested for a successful development of the process, like clari-
fying ideas through discussion and debate. This implies that students learn
to criticize ideas and not people. In a more specific context of GW with
international students, it is important that cultural differences should be
considered as a stimulating factor that could promote the development of
oral communication skills and social interaction skills. Under such circum-
stances, the students involved in international GW activities could develop
the ability to view situations from other perspectives. The supervisor also
plays a major role in ensuring success in GW and in particular in relation to
international GW. The supervisor should provide students with clear learn-
ing objectives and a design that assists students to achieve the objectives. In
order to achieve this, the supervisor should carefully explain to the students
how the groups will operate and how they are going to be graded. When
the assignments are given, it is important to define the objectives of the
group task. In addition, the groups need to have a mechanism for getting
started and a way of knowing when the task is accomplished. Providing a
framework already at an early stage during their studies will increase the
likelihood of the students paying attention to their own role in taking part
and contributing to the group.

Finally, the supervisor needs to give prompt feedback. Knowing what
you know and what you do not know focuses learning. Students need
prompt feedback on performance to benefit from courses. During lectures
and group activities, students need frequent opportunities to perform and re-
ceive suggestions for improvements. At various points during their course
and at the end, students need chances to reflect on what they have learned
and what they still need to learn.
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A Pre-course questionnaire

Pre-course questionnaire

2

th

10.

Thank you for your participation.

Name: Age:

Nationality:

Education (bachelor /master programme + main topic):

I have done the main part of my university studies in (Country/Institute)
I have studied abroad (please circle one): YES NO

If yes, please state country/s, institute/s and duration/s

Prior to this course, how many formal group projects (group work carried out during an academic
course ending with completion of a specific task/project) do you estimate that you have

participated in during your studies (please circle one)? 0 1-3 4-6 7-10 =10

I participate in group/team work outside of academic classes, for example. sports or committees

(please circle one): YES NO

In your opinion, what are the top 3 advantages of group work?

In your opinion, what are the top 3 disadvantages of group work?

Personally I would prefer to work independently rather than in a group (please circle one):

YES NO
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B Mid-course questionnaire

Course Physical and Chemical Changes of Food Quality B1-1E10-UE
(EKursusLife49500211-bb211-kk2700)
1 In general, my group worked well together: Average: 3.96
Standard deviation: 1.10
42%
8,3%
12,5%
37,5%
37,5%
P28 The other members of the group would agree with my Average: 4.08
evaluation of the above statement: Standard deviation: 0.81
4,2%

2 0%
3 42%
4 66,7%
s
I

[URFNTTRNIEN

25%
n my group, everyone shared responsibility for the work: Average: 3.91
Standard deviation: 1.18
1 8,3%
2 4,2%
3 8,3%
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4 41,7%
5 33,3%
Not answered 4,2%
In my group, discussions were dominated by a few people: Average: 2.88
Standard deviation: 1.30
1 20,8%
2 16,7%
3 29,2%
4 20,8%
S 12,5%
In my group, the work was substantially delayed because of Average: 1.75
disagreements: Standard deviation: 1.23
1 62,5%
2 20,8%
3 4,2%
4 4,2%
B 8,3%
In my group, we solved the problems that we encountered Average: 3.87
during the group work: Standard deviation: 1.03
1 0%
2 12,5%
3 20,8%
4 29,2%
5 33,3%
Not answered 4,2%
In my group, it was an advantage to have people with different Average: 2.65
nationalities: Standard deviation: 1.27
1 25%
2 12,5%
3 41,7%
4 4,2%
5 12,5%
Not answered 4,.2%
In my group, it was an advantage to have people with different Average: 2.88
educational background: Standard deviation: 1.05
1 12,5%
2 16,7%
3 50%
4 12,5%
5 8,3%
In my group, language was a barrier to working well together: Average: 2.74
Standard deviation: 1.36
1 20,8%
2 29,2%
3 12,5%
4 20,8%
5] 12,5%
Not answered 4,2%
During this course, the group work enhanced my learning: Average: 3.46
Standard deviation: 1.08
1 8,3%
2 8,3%
3 25%
4 45,8%
5 12,5%
During this course, too much of the teaching was based on group ~ Average: 2.25
work: Standard deviation: 1.13
1 33,3%
2 25%
3 29,2%
4 8,3%
4,2%
All'in all, group work during this course was a successful Average: 3.67
endeavour for me: Standard deviation: 1.07
1 8,3%
2 0%

3 29,2%
—
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Peer feedback on a test exam and self-reflections
on academic English — tools for reducing failure
rate in the written exam in Nutrition Physiology,
after change of language into English

Alicja Budek Mark and Lesli Hingstrup Larsen

Department of Human Nutrition, LIFE, University of Copenhagen

Introduction

Nutrition Physiology (NP) is a mandatory course for students taking a Mas-
ter’s degree in Human Nutrition, in Clinical Nutrition or in Gastronomy
and Health. The course is in the first block in the first year of the Master’s
programme. The course is theoretical, with lectures and theoretical exer-
cises, and the evaluation is a final four-hour written examination with all
aids allowed (except computer/internet). The course runs in parallel with
Experimental Nutrition Physiology (Nutrition) or Hygiene and Sanitation
(Gastronomy and Health).

The Master’s programmes admit graduates with a university BSc de-
gree (for example, Sport Sciences, Biology, Food Science, Health and Pro-
duction), referred to as UB, or a professional BSc degree (for example,
Nutrition and Health, nurses, physiotherapists, lab technicians), referred to
as PB, with additional courses in biochemistry, physiology, nutrition and
statistics equivalent to what would have been obtained with a BSc degree
in Food Science with the Food, Health and Nutrition subject-specific course
package.

In 2009, the language of instruction and examination for NP changed
from Danish to English, and 82 students took the four-hour written exam.
In contrast to previous years, the percentage of students who passed the
exam was only 75% and the grade point average was 3.9.

After evaluating the 2009 course, the low pass rate was mostly ascribed
to problems with written academic English in the context of the course
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topics and additionally some of the problems could be due to students’
difficulty in understanding academic English. Difficulty with the English
language could increase the students’ anxiety before the exam, and increase
the time spent on understanding the exam questions, considering the answer
to the problem by rephrasing from mother tongue to English, correcting
spelling and grammar, and writing the answers in English.

Based on the conclusion that the academic English level seemed to be
the obvious reason for the observed fall in the pass percentage, it was de-
cided to offer the student a short English course from at the university’s
Centre for Internationalisation and Parallel Language Use (CIP) during the
introduction week to make them aware of their own English abilities and
give them tools to practise in the areas where their current level was not
adequate.

For the NP course, we would ideally align the teaching with the exam
and include a written assignment with feedback to the students from the
lecturer in every lecture. This would give the students the opportunity to
structure their knowledge, read and understand the questions in English,
formulate and write an answer in English, and receive the necessary feed-
back to get a view of the requirements for fulfilling the learning objectives
and passing the exam. In reality, however, with a course with multiple lec-
turers this is not feasible. Instead, we decided to ask all the lecturers to
include theoretical exercises in their lectures, to encourage the students to
use English as their main language when doing the exercises, and to discuss
the assignments with the students.

Additional analyses of the 2009 exam results showed that the PB stu-
dents had nearly double the failure rate (34%) of the UB students (18%)
(Fig. 13.1). These results made us wonder if the UB students might have
evolved strategies to deal with the exam situation (because they had pre-
viously been in similar exam situations) and have better study techniques
(university-based) than PB students.

The evidence that not only English competence but also the BSc educa-
tional background influenced the exam results suggested that we should use
additional measures to increase the constructive alignment between lessons
and assessment beyond just requesting multiple lectures (see above) to add
additional exercises and encourage the use of written English (in reality
it is difficult to ask lecturers to make sure that everything on their slides
are in English). We decided to introduce a mock exam and peer feedback
session (PFS) mid-way through the course. The peer feedback (PF) would
give the students an opportunity to gain experience with writing a full exam
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2009 Grades Distribution according to Bachelor

Number
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Grade
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Fig. 13.1. 2009 NP exam results for students divided according to BSc educational
background. Foreign, students from abroad; PB, profession Bachelor’s degree; UB,
university Bachelor’s degree.

in English within a four-hour time limit, evaluate their own performance,
give and receive feedback from one of their peers, have a group discussion
of the problems and their solution during the exam, and exchange exam
strategies. Our goal was to reduce the likelihood that, in addition to inad-
equate written English skills, lack of experience with the exam situation
at the university would detract from the students’ abilities, independently
of BSc background, to adequately show fulfilment of the intended learning
outcomes for the course at the exam.

The aim of this project was to evaluate if the students had engaged in
self-reflection on their English ability (with or without participation in the
CIP course), to evaluate if the students found the peer feedback session
useful, and to evaluate whether these tools could reduce the failure rate in
the written four-hour NP exam compared with the previous exam (2009).

Methods

The CIP test

The CIP test was arranged by the CIP at the University of Copenhagen
as an aid for the students in the first year of the Master’s programme to
diagnose their English skills and their possible need for improvement of
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English competences. The students were free to take the CIP test before
the beginning of block 1 of the first year of the Master’s programme. In
this report, we have evaluated the answers of the students on the NP course
who took the CIP test with regard to any subjective effect on the students’
approach to their English skills during the NP course.

The peer-feedback session (PFS)

As part of the NP course this year, we have introduced a mock four-hour
exam set as an assignment uploaded on Absalon for the students to work on
individually and a PF process where the students could read and comment
on each other’s answers in the PF groups. The PF groups have been formed
to allow as much variation in academic background as possible in order to
share competences. The groups were also used for theoretical exercises be-
fore the PFS to give the students the opportunity to get to know their group
members. The assignment enabled students to experience the exam situa-
tion, and reflect on how they could best convey all their academic know-
ledge in a precise manner within a limited period of time. The students
could attempt to complete the work in the restricted time with the exam set
and they had the opportunity to see and correct another student’s work. As
the last part of the PFS, the students were to have a meta-discussion of the
exam situation based on their experiences with the mock exam. The results
were one page of student-to-student advice on managing the exam situa-
tion without compromising their academic level. The students were asked
to evaluate the PFS afterwards.

The exam results from 2009 and 2010

We compared the results of the exam from 2009 and 2010 and used them
as an element to evaluate the effects of the new initiatives at the start of and
during the NP course.

Statistics

SAS program (version 9.2; SAS Institute Inc., Cary, NC, USA) was used for
data analysis and the bivariate associations between the selected variables
were tested by Pearson’s correlation coefficients.
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Results

From all the students registered for the exam in NP in 2010 (n=68), 31
(46%) returned the questionnaire, among whom two individuals did not
participate in the PFS and 29 (43%) participated in the PFS. At the lecture
after the PFS, the students were asked to fill out questions one to four to
evaluate the value of the CIP, however, none of the students returned the
questionnaire. Of the 29 students who participated in the PF and returned
the questionnaire, one student did not state academic background and thus
this response was omitted from the analysis. Of the remaining 28 students,
50% had a PB and 50% UB background.

Evaluation of CIP

The CIP evaluation was based on the 29 students who participated in the
PFS: 57% of PB and 53% of UB students took the CIP test and course,
respectively. Only 14% of all students who took the CIP test decided to
practise their academic English skills during the course (11% of PB and 4%
of UB students, respectively). There was no significant correlation between
students’ background and the consideration of the language before taking
the course, or between the consideration of the language before taking the
course and the difficulty in keeping the academic level of the written exam
test.

The most common reasons for not practising English skills were:
a) “But not as much as I would like to ... lack of the time”
b) “I am using English dictionaries to increase my vocabulary”

The most common reasons for not practising the English skills were:
a) “I was placed in the top category, so I did not find it necessary”
b) “I don’t consider my English as an obstacle”
¢) “I don’t have time”
d) “no, but I will consider it”

Half of the PB students evaluated their English skills while only 21% of UB
students did so before taking the NP course (Fig. 13.2). Of the UB students,
71% did not evaluate their English skills before taking the NP course.
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Degree of concideration own English skills - UB Degree of concideration own English skills - PB
very much
8%
quite a lot
8% very much
: 21%
medium
7% noat all
36%
abit iteal
0% quite alot
%
no at all 3 ahit
7% medium %
2%

Fig. 13.2. Degree of evaluation of own English skills before applying for the NP
course by profession Bachelor students (PB) and by university Bachelor students
(UB).

Evaluation of PFS

Of all students who registered for the exam on the NP course, 41% (n=28)
took part in the peer feedback session. The students reported their expec-
tations that the PFS would give them a better overview, help them to un-
derstand what the exam will look like and what the expectations are, would
be a good opportunity to practise for the exam and to get feedback on the
academic and structural part of the exam as well as to get advice on exam
strategies.

All but one student wrote the answers in English. Regarding the diffi-
culty of keeping a high academic level in English while answering the exam
questions, 57% and 36% of the PB and UB students, respectively, answered
that it was very or quite difficult. The majority of PB students thought that
it was quite difficult, while the majority of UB students thought that it was
only a bit difficult. There was no significant correlation between students’
background and the difficulty of keeping the academic level of the written
mock exam.

For 64% of PB and 78% of UB students, it took longer than expected
to write down the answers in English. In many cases, for the PB students
the English was an obstacle. It took them longer time to read the questions,
understand them and to formulate the answer in English, especially, the
English was not academic enough. For one student the calculations took a
long time and a few students did not have an overview of the curriculum.
In contrast, for most UB students, it was difficult to figure out the depth of
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the questions and how specific one should be in answering them. Many of
the students had not read the entire curriculum yet and some made a lot of
breaks while answering the questions. For one student, there were too many
questions and it took too long time to look it up and explain properly.

After the PFS, 15% of PB and 47% of UB students did not consider at
all changing their previous opinions about their own English skills based
on CIP. 62% of PB and 27% of UB students had changed the previous
evaluation of their own English skills only a bit. The majority of both kinds
of students thought that the PFS would benefit them during the exam; 84%
and 75% of PB and UB students, respectively. However, 6% and 13% of
the UB students thought that the session did not benefit them at all or only
a bit, compared with 0% and 8% of PB students, respectively (Fig. 13.3).

Regarding receiving and giving peer feedback, 55% of the PB and UB
students answered that the degree of benefit was “medium”.

Do you think this session will benefit you during your exam? UB

noat all
6%
very much

13% abit

13%

medium
6%

quite a lot
62%

Do you think this session will benefit you during your exam? PB

abit

medium
8%

very much 0%

quite alot
76%

Fig. 13.3. The degree of benefit of the peer-feedback session for the profession
Bachelor students (PB) and university Bachelor students (UB).
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Evaluation of the exam from 2009 and 2010

In 2009, 25.6% of the students failed the exam and the grade-point average
was 3.9. In 2010, just 4.5% of the students failed the exam and the grade-
point average was 5.6.

Discussion

Overall, 46% of the students filled in the questionnaire and 43% took part
in the PFS session. The students who took part in the PFS were equally di-
vided between PB and UB educational backgrounds. Overall, the students
found that they benefitted from the mock exam and the PFS. Only a minor-
ity of the students had taken the CIP test and course, and only 14% of the
students had worked on their academic English after the CIP course and
a majority of these were PB students. The PB students had also reviewed
their English skills before enrolling in the Master’s programme much more
frequently than UB students.

The PFS process was changed on the last day, as many students had not
exchanged their work, as indicated by most students stating that they had
received only medium feedback from their peers. Instead, solutions to the
assignment were handed out to the students and the groups were aided with
work sheets to get to the meta-discussion. All groups were very good at dis-
cussing, they handed in the results of their discussions, and the summing-up
of the discussion indicated that the exam situation had been discussed. The
student-to-student advice notes on exam strategies were uploaded on Absa-
lon for all students to see. As stated earlier, most students evaluated that the
PFSs session were beneficial for them. However, in the general course eval-
uation, some students suggested improvements to the organization of the
PES. Some of the students (i)would like to be informed at an earlier time
point about the PFS; (ii) did not appreciate the predefined groups because
six members were too many; people with different competencies slowed
down the group progress and they preferred to work alone or in pairs; (iii)
did not feel comfortable sharing their work with fellow students or felt they
did not have the skills to evaluate other students’ work; (iv) felt that this
way of teaching was not university level but more kindergarten level.

The first trial of the PFS and the evaluations from the students sug-
gested that we should modify the PFS by an earlier introduction with more
details to relieve any anxiety and for the students to understand what the in-
tended benefits could be from the session. The PFS should also have been
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much more structured to keep the group discussions focused and should be
divided into smaller sessions, working with one work sheet at a time and
summing up on the blackboard after each session. We would like to keep
the predefined groups to mix the students so they can benefit from each
other during the learning process. From previous years, we know that the
students do not mix in block 1 when they are allowed to form their own
groups, however, as the parallel courses are also using group work, it might
be possible to use the same groups or maybe have smaller groups.

The CIP test was introduced as part of the introduction week to give
the students an opportunity to review their level of academic English and
work to improve the level if needed. This project also asked the students
about their self-reflection on their English abilities before and after taking
the CIP test. However, the results are limited as only a minority of the
students who participated in the PFS participated in the CIP test during the
introduction week. The result of the CIP test had a relatively low impact
on students’ evaluation of their English skills, especially among the UB
students. Slightly more PB than UB students reviewed their English skills
before taking the course, but there were no significant correlations between
these two factors.

The exam results for 2010 had a very low failure rate (5%) and two of
the students who failed were students from 2009 retaking the exam. The
results from 2010 indicate that the additional CIP introduction course, al-
though only about half of the students participated, increased the students’
awareness of their level of academic English. However, many students
stated in the evaluation that they lack time to practise and, in the general
evaluation of the course, some students said they would like to have more
exam assignments to practise the curriculum but also the use of academic
English. Most students also appreciate all the exercises and would like to
have more exercises during the lectures (and some would like separate lec-
tures and exercises). We will include more exercises for the students next
year, and we will discuss with the CIP course leaders if it is possible to
integrate the tools for practising academic English with the NP exercises.

This project has some limitations that impede the interpretations of the
results: the exam sets were not identical, the students represent two different
student bodies and only about half of the students answered the question-
naire. As two different student bodies are compared with regard to exam
results, other factors could have played a part in determining the difference
in pass percentages for 2009 and 2010. One main factor is the admission re-
quirements: in 2010, several PB students were declined admission as they
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had not fulfilled the requirements in physiology, biochemistry and statis-
tics while most applicants were admitted in 2009. As a consequence, the
exam results might also reflect a difference in the student body from 2009
to 2010. As only 46% of the students who signed up for the exam answered
the questionnaire, we are left guessing what the other half of the students
think. It is possible that the students who participated in the peer feedback
are the students who are already very active and have a very high study
capacity, as one student wrote in reply to “Why you are participating in the
peer feedback session”: “I’m always there when something is planned/goes
on”. However, most students wrote that they thought that they needed to
discuss or get to know exam strategies, so the PFS could have activated the
students who might have contemplated the exam situation at great length
before.

In 2011, we will also give the students the opportunity to take the CIP
course in the introduction week as the results from 2010 have shown that
this will force the students, participating or not, to reflect upon the issue of
English as a learning language. As most of the students who participated in
the exam test and PFS found it beneficial, we will offer a similar session in
2011. At present, we are considering offering some additional seminars for
the students, working with student services, to introduce students coming
from outside the university to the university environment.
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Teaching students with different backgrounds
and different chosen education lines

Mingshi Yang

Department of Pharmaceutics and Analytical Chemistry, FARMA, University of
Copenhagen

Background

Pharmaceutics and Drug Development (PDD) is a cource in the Master’s in
Pharmaceutical Sciences. This course has been held once, in autumn 2010,
and at the time of writing it is being organized for the second time. The
students who were enrolled in this programme held their Bachelor’s degree
in various disciplines such as biology, chemistry and medicine. At the start
of their Master’s programme, they chose one of three education lines: Drug
Discovery, Drug Development and Social Pharmacy. PDD is one of three
compulsory courses in block I and II.

The feedback from the students’ evaluation in 2010 was very mixed.
For example, only two-thirds of the students found the course useful for
their educational objectives, but on the other hand most of them found the
laboratory exercises relevant. Some of the students found the content of the
course not to be MSc level and too basic. This might be because the teach-
ing was mainly based on a text book for normal pharmacy undergraduate
students. However, the course was meant as an introduction to formulations
and manufacturing and therefore it covered broad topics. This means that
none of the topics can be covered in detail. Hence, one of the challenges
in the course is that the students have various backgrounds and have very
different expectations of this course, and it is difficult to tailor such a course
to suit every student.
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Plan and execution of project

This project is intended to identify students’ expectations and evaluate
TLAs in order to design a more relevant course for students who have cho-
sen different education lines. A questionnaire was conducted to identify the
students’ expectation before starting the course. A mixed teaching format
was planned: lectures, laboratory exercises and literature reports. The lec-
tures were divided into two parts. One part was given before starting the lab
exercise. The other part was planned after the lab exercise.

In the first part, the lectures were focused on basic theoretical know-
ledge of pharmaceutics, using the text book for normal pharmacy under-
graduate students. These lectures were intended to help the students to un-
derstand the lab content and facilitate completing the lab exercises. In turn,
the lab exercises were intended to help students digest the theoretical know-
ledge learned in the lectures.

In the second part of the lectures, two senior scientists from the pharma-
ceutical industry were invited to hold two sessions, and their talks would be
focused on the relevance of this course to the pharmaceutical industry and
the society. Meanwhile, two lectures were planned to introduce students to
advanced pharmaceutics and drug delivery systems.

A mid-way evaluation of the course was conducted after the first part
of the lecture and the lab exercises. The students were asked to fill out a
short questionnaire and give comments on the course. An interview with
lab teachers was also conducted to have their input on this course. The final
evaluation of the course was to be carried out at the end of January 2011.
Due to the time limit (deadline of project is 6 January 2011), this report
was drafted based on the expectation survey, the mid-way evaluation and
the interview with lab teachers. The project will continue when the final
evaluation of the course is received.

Summary of expectation survey, mid-way evaluation and
interview with lab teachers

Students’ expectation of this course (26 students replied)

As shown in figure 14.1, the students in this course are from ten different
disciplines. Ten of them have pharmacy Bachelor’s degree. The rest of them
have Bachelor’s degrees in biology, chemistry, biotechnology and medicine
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etc. Among them ten students chose Line II: Drug Development, five chose
Line I: Drug Discovery, and six chose Line III: Society and Medicine. Five
students were enrolled as Erasmus students, as shown in figure 14.2, who
were on pharmaceutics courses back in their own faculties.

Bachelor degree No. of student Bachelor degree No. of student
Biochemistry 2 Medicine 1

Biology 3 Molecular Biology 1
Biotechnology 3 Molecular Biomedicine 1

Chemistry 3 Nanoscience 1

Chemical Engineering 1 Pharmacy 10

Fig. 14.1. Bachelor degrees held by the students.

Lines No. of students
Line I: Drug discovery 5

Line II: Drug development 10

Line ll: Medicine and society 6

Others 5

Fig. 14.2. Education lines that the students chose.

According to the survey, the students’ expectation of this course could
be divided into four aspects: basic pharmaceutics, hands-on experience (la-
boratory exercise), advanced pharmaceutics and GMP rules. Out of 26 stu-
dents, 21 expected to learn basic knowledge and an overview of pharma-
ceutics and drug development. This fits quite well with the objective of this
course, which is intended to give an overview of and introduction to phar-
maceutics and drug development to the students. Interestingly, 12 out of
the 26 students pointed out that they looked forward to lab exercises and
gaining some hands-on experience in drug manufacturing and formulation
development.
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e A Line II student: I’d like to do more laboratory exercises to learn how
to manufacture products and to see how to use GMP rules. This course
can help me understand manufacturing process of different dosage
forms.

e A Line I student: I expect to get an overview of the drug development
phase and a thorough insight into the formulation and manufacturing
processes of drug development. I expect to learn the key theoretical
concepts and to get some hands-on experience.

Five out of 26 students expressed their expectation of gaining deeper in-
sight in advanced pharmaceutics and drug delivery systems. Another three
students would like to learn more about GMP rules from this course, as
one student wrote: “I would like to have an extended and more profes-
sional pharmaceutical technology knowledge which covers GMP rules and
more”. Apparently, their expectation somewhat exceeds the scope of this
course and they wanted to gain more profound knowledge on this subject.
However, it is hard to say that the different expectations are due to the dif-
ferent education lines they have chosen. Instead, the different expectation
seemed to be correlated to students’ backgrounds, e.g. pharmacy students
expected a higher level of this subject.

Meanwhile, in the questionnaire, students were also asked to comment
on whether this course is relevant to their education lines. Most of the stu-
dents (19 out of 26 students) are positive towards the relevance of the course
to their education line, although among them three are Erasmus students.

e A Line III student: I think it is good to get an understanding of the drug-
development process, even though this will not be my primary interest
field when I get a job.

Four students were not sure about whether this course was really relevant
to their chosen lines: “Not sure at this point. Maybe will know at the end of
the course.”. And three students did not think this course is relevant to their
education line. But these students stated that this course is relevant to the
Master’s programme or it will help them to understand better the line they
have chosen: “It is relevant to the master program, but not that relevant to
my line, since I chose Line I, “It is basic knowledge to better understand
my own field — yes. However, practically not (relevant to my line)”, “I think
that is not really relevant as in the third line we focus more on the social part
of pharmacy but definitely is a prerequisite, because we should know how
the drugs are formulated in order to be the final medicines”. This indicates
that the students were a bit unclear about the role of this course in the



14 Teaching students with different backgrounds 153

Master’s programme. They believe this course is more relevant to Line II
than other lines. They took this course because it is a compulsory course.
More guidance to the students on how this course aligns with other courses
in the education lines should be given to the students, which may need to
be included in learning objectives of this course.

Mid-way evaluation of the course (21 students replied)

The course consists of four elements: lecture, laboratory exercise, literature
report and examination. This mid-way evaluation was conducted after the
students had attended the first part of the lectures and all the laboratory
exercises. The literature report project was also initiated, but will continue
until examination at the end of January 2011.

Fig. 14.3. Feedback on the level of content. A: lecture; B: lab exercise; C: literature
report (four students did not reply on literature report).

Regarding the content of each teaching element, three students com-
mented that the level of lecture content was low and two students com-
mented that it was high, as shown in figure 14.3A. The rest of the students
considered the level of lecture content appropriate. For the lab exercise and
literature report, none of the students felt the level was low. But a few found
the level was high.

About 80% of the students (16/21) found the workload in lab exercises
too high, and they could not find time to work on literature reports. This
is most likely because of the block structure. These students have to attend
two or three times lab sessions per week, while normal undergraduate phar-
macy students attend only once per week. The workload on the lab exercises
was actually designed to suit the one-week workload for normal undergrad-
uate pharmacy students. Hence, the workload in the current format for these
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students is about two to three times higher than for normal undergraduate
students. Meanwhile, a more thorough introduction for the students on how
the lab exercise is organized, how the students should conduct the exer-
cises and how to prepare lab reports seemed desirable. Students praised
the content of the lab exercises, but they were not used to the structure of
lab teaching. An introduction lecture will facilitate students’ lab work and
motivate them.

A few students commented on examination of the literature report. The
literature report is intended to let students have a chance to get a feeling
of advanced drug-delivery systems, since the lecture and lab exercises are
mainly focused on basic pharmaceutics. Some students commented that the
2010 course was not at Master’s level due to its main focus on basic phar-
maceutics. In the literature project, students were divided into some groups
with four to five members in one group. They were required to write 20-25
pages per group on a specific topic assigned by a supervisor through lit-
erature searching, summarizing and compiling. Very often, such topics are
about advanced pharmaceutics since the supervisors usually assign a topic
related to their own research interest. But the topics are also very specific,
and the scope is rather narrow. Furthermore, the format of examination is
oral presentation and questioning. Hence an examination on the literature
report may not reflect students’ true understanding of this subject (pharma-
ceutics and drug development).

Interview with lab teachers

Three lab teachers were interviewed after the mid-way evaluation of the
course with students. Most of the feedback from them was consistent with
the comments from the students. All of them agreed that an introductory
lecture on lab exercises was needed. In that lecture, the teachers can em-
phasize the goal of the lab course, instruct preparation of lab reports, tell
what the teachers expect from them and what the students could expect
from the teachers as well. They also pointed out that the workload seemed
to be high for the students with the current content of lab exercises and
block structure system. Again, since the students have put more time into
lab exercises and lab reports, it may make more sense to assess the students
based on lab reports rather than literature reports. It may also motivate the
students on the lab courses more.
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Discussion

It is inevitable to have students in a class who have different backgrounds
and with different aims to pursue. The motivation of this project is that
an early identification of the expectations of students may help a course
leader to coordinate the course (between teachers and students) and keep
motivating students during the course by adjusting some of the teaching
elements accordingly. It is not possible to satisfy every student’s expecta-
tion. However, by knowing students’ expectations at an early stage a course
leader may be able to prevent frustration caused by mismatch of expecta-
tions between teachers and students. A questionnaire survey was used in
this project. The advantages of questionnaire survey include its possibility
of producing higher response rate, saving time and an anonymous approach
so students could feel free to express any concerns. The disadvantage of
such a survey is that it is not possible to get deeper understanding of issues
or thoughts. Nevertheless, it is still a good approach to grasp information in
a broad manner.

The questionnaire survey showed that the students’ expectations aligned
well with the objectives of this course. Most of them expected to have an in-
troduction to pharmaceutics and drug development. Some students would
like to have more profound knowledge on the subject. Most of these stu-
dents had degrees in pharmacy and had already completed pharmaceutics
courses during their undergraduate study. Hence, their expectation of this
course was higher than other students who held Bachelor degrees in dis-
ciplines other than pharmacy. However, this course was planned to be an
introductory course in the Master’s programme. The teaching materials
employed in the course are mainly used for normal pharmacy Bachelor
students. To avoid some students becoming bored with basic knowledge,
lecturers on the course were encouraged to spice the lectures with their
own research. Meanwhile, lecturers from industry were also invited in the
second part of lectures to address the development of drug products in phar-
maceutical industry.

Students found lab exercises very exciting and lab teaching motivated
them. Some students even looked forward to lab exercises prior to the
course. It is always one of the best ways for learning to combine theore-
tical knowledge with hands-on practice in teaching. However, the lab exer-
cises in this course consist of both formulation and manufacturing sections,
which were designed by two teaching groups, consequently students were
quite confused about the structure. Meanwhile, the workload on lab reports
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was too high, which may risk demotivating students. This may be the rea-
sons why some students commented that the level of the lab exercise was
a bit high. Some students also evaluated the level of the literature report to
be high. One reason may be the fact that the topics assigned by supervisors
were too specific and exceeded the scope of the teaching materials used in
the lectures. Both students and teachers also pointed out that a final exam-
ination based mainly on the literature report might not adequately reflect
students’ learning (Gibbs & Simpson; 2003).

The above analysis of the survey suggests that there is room for im-
provement of the teaching and learning activities (TLAs) to implement
constructive alignment of the current course (Biggs & Tang; 2007). Lec-
tures should focus on introducing students to theoretical knowledge in the
subject. Lecturers can be encouraged to apply more active teaching in the
lecture to get the students involved in class discussion. In this way, teachers
can sense whether the students with different undergraduate backgrounds
understand the topics correctly. The content of the lectures can still be at
normal undergraduate pharmacy level, since interested students who would
like to gain profound knowledge in advanced pharmaceutics have chances
to attend elective courses on Advanced Drug Delivery and Advanced Drug
Manufacturing in block 4 or second-year study.

Lab exercise is certainly a valuable teaching element in this course.
Students have the chance to work in a group, to solve problems and ad-
dress questions together (Tamir; 1989). Meanwhile the students have more
chances to interact closely with teachers. The structure of lab exercises may
need an effort to be aligned (i.e. formulation and manufacturing) and a
more thorough introduction to lab exercises is required prior to starting
the course. For the high workload, the ideal solution is to spread the lab
course over a longer period, e.g. one exercise per week. However, it may be
quite challenging to do so due to the block structure. Another solution is to
decrease the content of lab exercises and lab reports, which should be care-
fully adjusted by evaluating the alignment between ILOs and this teaching
activity.

Serious consideration should be given to the literature report and as-
sessment. The literature project could be a good student-centred activity
where students can work in groups to deal with all the important aspects
of formulation, production and biopharmaceutical characteristics based on
one or more specific drugs. An assessment on such project may align well
with ILOs and reflect the students’ learning (Gibbs & Simpson; 2003). It
requires more competent supervisors who can define appropriate projects
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to students and fairly assess the students during examination, however, due
to limited resources, most of the supervisors in this course are PhD students
and postdocs. An improvement may be achieved by shortening the litera-
ture reports and assess students’ learning on both lab reports and literature
reports. Thus students may also feel appreciated for their hard work on lab
exercises. A lab teacher also suggested introducing a written examination
in the course, but its applicability need to be further debated. Another im-
provement that should be considered is to apply more formative feedback in
correcting the lab reports than summative feedback. Students usually learn
more from formative feedback than summative feedback which has been
shown in didactics studies (Yorke; 2003).

Conclusion

An early identification of students’ expectation and mid-way evaluation
could provide a course leader with valuable insight in students’ motivation
and course structure. It is especially helpful for coordinating and teaching a
course where the students have different background and have chosen dif-
ferent education lines. The questionnaire survey showed that the students’
expectation of this course seemed to differ, mainly because of their different
backgrounds rather than the education lines chosen. Most of the students
recognized the relevance of this course to their own education lines. The
mid-way feedback from the students indicated that they appreciated TLAs
in this course, which included lectures, lab exercises and literature report.
However, there is room for improvement on the lab course structure and
the literature report project. Further improvement should also be focused
on the structure of the course by optimizing the alignment of ILOs, TLAs
and assessment.

The author thanks Jgrn Mgller Sonnergaard, Marja Savolainen, Jukka
Rantanen and Birger Brodin Larsen for their valuable discussion and com-
ments during the project.
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A Questionnaire survey on students’ expectation

Pharmaceutics and Drug Development:

1. You got your bachelor degree in:

Biochemistry Medicinal Chemistry
Biology Molecular Biology
Biotechnology Molecular Biomedicine
Chemistry Molecular Medicine
Chemical Engineering Nanoscience
Engineering Pharmacy

Medicine Science

Others:

2. Your education line:

Line I: Drug discovery

Line Il: Drug development

Line Ill: Medicine and society

Others

3. What is your expectation of this course?

4. Do you think this course is relevant to your education line? Why or why not?

5. Regarding groups, you wish to form

by yourself

by course leader

Do not care.
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B Survey on mid-way evaluation of the course

Middle way evaluation of the course (5-10 min):

The course has passed one month. Please help us improve the quality of teaching.

1. You got bachelor degree in:

Analytical chemistry Medicinal biology
Biochemistry Medicine
Bioengineering Molecular Biology
Biology Molecular Biomedicine
Biotechnology Molecular Medicine
Chemistry Nanoscience

Chemical Engineering Organic chemistry
Medicinal Chemistry Pharmacy

2. You education line is:

Drug discovery

Drug development
Medicine and society
Others

3. How was the level of the content?

Level

Low Appropriate High
Content

Lectures
Lab exercises
Literature report project

4. How was the course structure i.e. lecture, lab exercise and literature report? Should any of
them be reduced or increased?

5. What do you miss from this course? Or would you like to have other elements in the course?
(considering the education line you chose)






15

Towards a balanced curriculum and fair
assessment of students from different disciplines
in an interdisciplinary science course.

Sine Lo Svenningsen

Institute of Biology, SCIENCE, University of Copenhagen

Objectives

The project aims to improve the course Biological Dynamics, which will
be offered for the second time in block 4, 2011, based on the students’
evaluations from 2010 and my experiences from giving the course in 2010.

I will focus on the main challenges we encountered in the course. One
objective is to plan the curriculum and the teaching activities so that stu-
dents, despite different educational backgrounds, feel both confident and
challenged, and experience a positive learning climate. Another is to de-
velop teaching activities which are aligned with the overall aim of the
course, namely promoting interdisciplinarity and equipping students with
a common language with which to discuss topics that cover multiple disci-
plines. Finally, I will discuss the challenge of assessing the course partici-
pants fairly, so that students from all backgrounds have an equal opportu-
nity to do well in the course provided they put in the effort.

Background

The field of molecular biology is advancing from the qualitative description
of isolated molecular mechanisms to a quantitative understanding also of
their interactions and regulations at the “systems-level”. Thus, the common
notion of biology being the ideal discipline for the “scientifically inclined
but mathematically challenged” students needs revision, and this develop-
ment has produced a challenge for the educational system. The advantage
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of quantitative approaches in biology has always been apparent, but the
application of mathematical skills to create simulations or manage large
data sets means that the need for basic mathematical literacy in biology
has never been greater (Wingreen & Botstein; 2006; Gross; 2004). Biolo-
gical Dynamics was created to address the challenge at the Master’s level,
where many students have already solidly identified themselves as biolo-
gists, chemists, physicists, and so on. The aims of the course are to educate
students from different disciplines in the interdisciplinary skill set between
biology, physics, and mathematics, which is necessary for a modern inte-
grated understanding of biological systems, and also to teach the students
how to communicate with peers educated in disciplines other than their
own.

Biological Dynamics is co-organized by myself and Namiko Mitarai, an
associate professor in the physics department. The course is inspired by an
interdisciplinary course in quantitative biology that I attended at Princeton
University, USA, in 2006 (Wingreen & Botstein; 2006).

The course is open to students from most of the disciplines at the Fa-
culty of Science. In the past year we had a total of 51 students from eight
different educational backgrounds (biology, biochemistry, bioinformatics,
molecular biomedicine, biophysics, physics, maths, and computer science).
We do not make specific course prerequisites but ask that students who sign
up have an interest in the quantitative analysis of biological phenomena.

Balancing the curriculum

We chose to centre the course around a curriculum of eight scientific arti-
cles, one per week. The nature and quality of the articles are of paramount
importance for the success of the course for several reasons. First, they must
serve as vehicles for teaching both biology and quantitative analysis. Sec-
ond, they constitute proof for the students that important scientific insights
can be gained from an interdisciplinary approach, and must be sufficiently
sophisticated to withstand detailed study and to inspire the students. These
were our criteria for selecting the articles.

Namiko and I developed introductory lectures in physics and biology,
respectively. Initially, our intentions with the lectures were twofold: First,
to provide the disciplinary background knowledge required for understand-
ing the articles and second, to put the article into context by deepening and
widening the students’ insight into the topic beyond the specific hypothe-
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ses treated in the article. During a normal week, students would attend the
introductory lectures on Monday, read the article at home, and participate
in a class discussion about the article on Wednesday. Importantly, the cur-
riculum consisted of the lecture notes as well as the articles.

I found it challenging to define a level of difficulty in my lectures such
that every student would benefit from attending. To obtain feedback from
the students on the perceived level of difficulty in the material of the lec-
tures, I often asked for a show of hands during the lecture from anyone
who had “learned something new” after the first 5-10 minutes of introduc-
tion to the topic. I found this to be a reasonable measure of the students’
prior knowledge of the topic. We also made a midway evaluation after the
first four weeks of the course. To be able to take the students’ background
into account, we asked them to indicate their educational background on
the evaluation.

What is your educational Students’ answer Total students enrolled
background?

Biology-oriented 19 27
Physics-oriented 4 11
Equally Biology and Physics- 10 11
oriented

Other (math/computer 2 2
science)

Prefer not to answer 0

Total 35 51

Compared to my background knowledge, the academic level
of the biology lectures is:

60
50 ]
40 m Other
30 Bio-Phys
20 M Physics
10

0 M Biology

far too low low adequate high far too high

Fig. 15.1. Midway evaluation. The percentage of students giving the indicated an-
swer is shown on the Y-axis. Colours indicate the educational background of the
students. A total of 35 students answered this question.
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In total, 45% of the students indicated that the academic level of my
lectures was either “far too low” or “low”. Noticeably, all but one of these
students had a background in either biology or biophysics, and the 9% of
students who indicated that the academic level of my lectures was “high” all
had a background in physics or “other”, which in this class meant computer
science or mathematics. This evaluation was not satisfactory, as it appeared
that in my efforts to make the biology lectures accessible for everyone in the
course, I lost more than half of them, since 54% reported that the academic
level of the biology lectures were unsatisfactory in one direction or the
other. The physics lectures suffered from the same problem, with 31% of
the students reporting that the level was “high” or far too high”, and 31%
reporting it was “low” or “far too low” (Fig. 15.2).

Compared to my background knowledge, the academic level of the
physics/math lectures is

45
40
35
30
25
20 _ Bio-Phys
15 M Physics

W Other

10 H Biology

far too low low adequate high far too high

Fig. 15.2. Midway evaluation of the physics/maths lectures.

Does the varied educational background of the student body in this class
make it an unattainable goal to give lectures from which everyone can learn
from? Do we need to split the class and teach the biologists physics and the
physicists biology? We rejected the latter option because separating the stu-
dents to teach them different things is not likely to increase communication
and collaboration between them.

In my opinion, the key to good lectures in this course will depend on
more team-teaching between Namiko and I, so that the interdisciplinary
curriculum is presented in an interdisciplinary way. Namiko and I need to
develop the lectures together, incorporating the mathematics and the bio-
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logy into coherent entities, rather than requiring the students to construct
a multidisciplinary understanding of the topic by assembling knowledge
from strictly additive disciplinary lectures themselves. From the beginning
of the course, Namiko and I had tested our lectures on one another before
presenting them to the students, and always attended each other’s lectures.
But we increasingly made an effort to teach each other the subject mat-
ter for each topic, while the lectures were still under development, thereby
making them less disciplinary, and taking each other’s intended learning
objectives into consideration. This approach seemed to remedy the situa-
tion somewhat, since at the end of the course, 64% of the students found
the academic level of the biology lectures appropriate, and 56% of the stu-
dents found the physics/maths level appropriate (Fig. 15.3).

Compared to my background

Compared to my background
knowledge, the academic level of
the biology lectures is:

70

knowledge, the academic level of the

physics/math lectures is

70
- 60
60 —
50 50
40
40 m Other H Other
30
30 Bio-Phys Bio-Phys
20 20 m Physics
W Physics — Y
10 —-— u Biology 10 M Biology
0 0
NN \\;}q’ ,0\‘&‘7\ ‘-\\3'5\ ‘;\o“x NS \c>QA 0@‘?‘ & ‘\\3‘5\
& & P ¥ & & )
& L k-@ & X & o
<@ @ k) L @

(a) Biology (b) Physics/maths
Fig. 15.3. Final evaluation of the biology (a) and physics/maths (b) lectures, respec-
tively.

It is clear that we still have ample room for improvement of the lectures.
Ideally, I believe that the lectures for this course should present the material
in a way that neither the biology nor the physics students have seen before.
At the very least, all students should feel that they got a fresh look and a
new perspective even on familiar material. This can best be achieved by
investing more time into integrating the maths and the biology by Namiko
and me prior to presenting it to the students. However, as also pointed out
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by Gross (2004), preparing team-teaching with faculty from other disci-
plines takes much more time than teaching a solo lecture. The experience
we have gained from giving the course once, especially attending all of
each other’s lectures, and assessing the students performance together at
the exam, certainly provides a good starting point for collaborating to im-
prove the lectures in 2011.

Teaching activities to promote interdisciplinary
communication

The course contained three teaching activities aimed at promoting collabo-
ration between the students, which were teacher-controlled to different de-
grees. First, the weekly classroom discussion of the articles which Namiko
and I led together. Second, weekly group exercise sessions, where a group
of four students, ideally from different backgrounds, had two hours to solve
three or four problems based on the content of that week’s curriculum.
Third, an oral presentation of an assigned article prepared by each student
group, which had to be approved in order for the students to qualify for
taking the exam.

We feel that the group exercises were generally very successful. To get
the right distribution of educational backgrounds, Namiko and I divided the
students into groups. We found that the students were generally enthusiastic
to teach each other the knowledge needed to solve the problems. In the stu-
dents’ rating of which teaching activity they favoured, the group exercises
took first place (Fig. 15.4).

It is my conviction that almost all the students reached the intended
learning outcome of being able to discuss scientific ideas with peers from
other disciplines, and gaining new perspectives on material from their own
discipline. This assertion was confirmed by the students’ evaluations, where
78% agreed that the group exercises increased their understanding of the
course material (Fig. 15.5a) and 70% agreed that mixing students with
different backgrounds in the groups enhanced their understanding of the
course material (Fig. 15.5b).

It was our impression that the more student-centred activities worked
better to promote the students’ communication skills. My reflection paper
discusses my work with my pedagogical supervisors to make the classroom
article discussions less teacher-focused and more student-centred, so I will
not discuss that here.
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My favorite elements of the course is (pick up to 3)

70
60
w 50
=
E 40
= 30
< 20
10
0 I
The The Reading VET:’ The The Another No
Monday | Monday the ) Wed. multiple part
paper favorite
biology | physics | assigned group choice | (please
discussio elements
lecture | lecture paper exercises test specify)
n
H Other 3 3 0 0 0 0 0 0
Bio-Phys 11 9 9 14 17 o} 0 0
B Physics 3 3 9 6 6 3 0 0
H Biology 23 26 9 20 37 5} 3 0

Fig. 15.4. The percentage of total students who picked the indicated activity as one
of up to three favorite course elements.

Of the students who were neutral or disagreed to the first statement,
several had commented that they lacked a verification of their answers from
the teachers at the end of the group exercises, as they often had doubts as
to whether their group had solved the exercises correctly. We did attempt to
discuss the groups’ results with them before the end of each class, but it is
an important point to which we will pay greater attention to next year. The
other disagreements were from a group where we lost the diversity early
on, as the physics-oriented students in that group dropped out of the course.
The students in that group commented that they had not really gained the
full interdisciplinary experience they had hoped for, because the group con-
sisted of solely biology-oriented students. Naturally, this situation should be
avoided in the future, but we were glad to know that the students considered
it a disadvantage to not be mixed with students of different backgrounds.

Assessing a diverse group of students

There are some special challenges associated with designing a fair exam
for assessing a group of students with very different prior knowledge. First,
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The group exercises increase my understanding of the
course material

60

]
50
40
m Other
30
Bio-Phys
20 7 H Physics
10 M Biology
0
strongly agree neutral disagree strongly
agree disagree

Mixing students with different background in exercise and
presentation groups enhanced my understanding of the
course material

50

20 | ]
30 m Other
20 - Bio-Phys
10 M Physics
m Biology
0
strongly agree neutral disagree strongly
agree disagree

Fig. 15.5. The percentage of students who picked the indicated answer in the final
course evaluation.

it is crucial that the assessment be criterion-referenced rather than norm-
referenced, both because of the better educational logic associated with
criterion-referenced assessment (it involves judgment of the performance
rather than judgment of the people (Biggs & Tang; 2007)) and because
norm-referenced assessment becomes less meaningful the broader the dis-
tribution of specific skills is among the student body. Second, there is an
increased risk that less confident students will doubt their ability to perform
well in the exam in a course like this, because it is clear during class that
some students have a lot of specific knowledge about topics that might be
completely new to others, and this doubt can create a negative learning cli-
mate. Third, since interdisciplinary communication is among the most im-
portant intended learning objectives for this course, the exam should ideally
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test this skill. Fourth, the exam should be designed so that no educational
background provides a specific advantage or obstacle to success.

We designed an oral exam, which we think fulfils these criteria to a
large degree. In the exam, the student draws one of the eight topics from
the course, and has ten minutes to present this topic, after which the censor
and examiner asks questions from the other seven topics for fifteen minutes.
The students were given the specific exam questions for a given topic in ad-
vance, on the Monday of the week that dealt with this topic. Our reasons for
revealing the exam questions this early were twofold. First, it clarified what
the students are expected to know at the exam, and we think this served to
decrease the doubt that less confident students might have about whether
they are able to perform well in the exam. Second, it gave the students a
chance to discuss the questions with their peers during the group exercises,
as well as outside of class, and come up with answers that satisfied stu-
dents of different educational backgrounds, which in effect meant coming
up with answers that cover the perspectives of multiple disciplines.

Namiko and I put a lot of effort into constructing the exam questions
every week, to assure that approximately equal amounts of our two dis-
ciplines’ knowledge was required to satisfactorily answer them. We were
both present for all the exams. During the exam, we took turns asking the
student questions, and afterwards we independently assessed the student
before discussing and agreeing on the grade. In nearly all cases, we agreed
completely on the grade that the student should receive, and in the cases
where we did not agree, we were never more than one step apart on the
seven-step grading scale, and were able to reach consensus within a couple
of minutes. Assessing students with different backgrounds can be a chal-
lenge when the faculty, like us, is not truly interdisciplinary, but represent
two different disciplines. However, I think we succeeded in assessing the
students fairly. The distribution of final grades is shown in figure 15.6.

The grade distribution shows no obvious bias towards student of a par-
ticular educational background. This distribution, together with our very
positive personal experience of the students’ collective performance at the
exams, and their generally positive oral feedback, leads us to believe that
the exam form is appropriate for this course. Thus, we intend to carry on
with this form of exam, although 51 oral exams in one week represented a
great commitment from the teachers.
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Final Grade distribution
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Fig. 15.6. The percentage of students receiving the indicated grade is indicated on
the Y-axis.
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Evaluation and redesign of an entire course
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Course learning objectives, teaching activities
and constructive alignment assessment in
sensory and consumer science

Derek V. Byrne

Department of Food Science, LIFE, University of Copenhagen

Purpose

It was my intention to assess the impact of Intended Learning Outcomes
(ILOs) via student interviews overall for a Sensory and Consumer Science
Course (course no. 270030), where my role is co-ordinator, and then in
specific terms to look at ILOs for my own teaching in terms of teaching and
learning activities (TLAs). Via this, I endeavoured to assess if the course
was constructively aligned. In addition, I will touch upon the exam as a
driving force to ILOs and students’ perception of constructive alignment of
the course.

The present investigation was inspired by Biggs (1996) and Biggs &
Tang (2007), who indicate that to assess correctly if constructively aligned
teaching and assessment exist there are four stages of assessment to be
considered:

1. ILOs investigation

2. TLA with respect to ILOs

3. Assessment tasks (theory and project, about achieving ILOs)
4. Exam and grading (face-to-face, its importance to ILOs)

The following were then the aims in the matter of the interpretation of re-
sults in this project:

1. Alignment of course in itself — in students’ minds and in coordinators’ mind
from focus discussions and questionnaires with students

2. Alignment within the total education (a comment will be made with respect to
this and changes on the horizon in our course portfolio)
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This was a very useful exercise concerning this course from my perspective,
as our group has an ever expanding portfolio of courses at all levels and it
is a continuing challenge to ensure that the newer courses and the older
courses are aligned between and within themselves such that the totality of
the sensory education at LIFE makes sense to students who dip in and take
single courses or to those who take the courses consecutively, thus ensuring
that overlap and repetition are kept to a minimum. Rather, anyone arriving
for the first time can come up to speed in a reasonable amount of time, and
a coherent education results in useful persons for the demands of the world
of sensory science.

Individual project description

An initial problem definition, together with a preliminary project
definition

Assessment of existing overall course ILOs
Assess ILOs from two main TLA techniques used, i.e., lectures versus active
learning sessions

e Assess the course alignment overall

Formulate problem definition as a basis for structuring the working
process

As course coordinator and having run this course for a number of years, I
am very interested to understand the “success” of the course as it has been
judged highly over the last few years by the students and academic teaching
committee at LIFE. The simple questions are: Why is it judged successful?
What is successful about it? and whether there is room for improvement in
the achieving of ILOs via better constructive alignment.

Layer aim in relation to the present course

1. To determine overall if the ILOs in the course description as presented to the
students are in fact met and to what degree - student interviews

2. What type of teaching method best contributes to ILOs of my own teaching on
this course, thus a comparison of lecturing versus active learning will be made
- student interview and group discussion
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3. In addition, a commentary will be made with respect to whether the course is
in fact constructively well aligned within itself and in broad terms, within the
sensory study programme.

Required outcome

Each problem must contain a reasonable answer to the final problem def-
inition with the involvement of relevant theory and circumstances. Thus,
concerning guidelines for individual projects, the chosen project may, for
example, discuss one or more (typically more) of the following topics:

Intended learning outcomes and key elements of the course
Reasons for the choice of the various teaching methods
Student evaluation of the teaching

Assessment of the students (exam)

Alignment of the course

On the whole, it is not the intention of the project to achieve a wall-to-wall
coverage of all aspects of your teaching. Rather, the intention is to focus on
a problem which is in your opinion important to discuss.

Thus, I took two key issues into account: ILO/TLAs and to a minor
degree the exam as a motivation for views on ILOs and TLAs in relation to
understanding Constructive Alignment (CA) within the course.

Course background

Course objectives

The objectives of the course are to teach the students the basic principles of
sensory theory and practice as well as consumer-choice behaviour. More-
over, it is a key objective of the course to give students a practical and ap-
plicable view of sensory and consumer science via a group project carried
out across the course period.

The Sensory and Consumer Science course is a course for Bachelor
students (earliest possible year after three years) and for Master’s degree
students, and it is taught by the Sensory Science group of the Department
of Food Science at the Faculty of Life Sciences at the University of Copen-
hagen. All teaching takes place at LIFE, Rolighedsvej 30, 1958 Frederiks-
berg C.
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Sensory and Consumer Science took place in block 2, which was from
15 November 2010 to the end of January 2011. Teaching took place every
Monday afternoon and every Wednesday morning and afternoon for nine
weeks (structure C). The course is worth 7.5 ECTS.

Course content and structure
Core competences achieved

According to the course description presented to the students online and in
the course compendium, the following are the core competences the stu-
dents will obtain from active participation.

Competences obtained within basic science:

e Knowledge of the different human senses and psychological concepts and theo-
ries
e Understanding of the basic anatomy and functioning of the human senses

Competences obtained within applied science:

Comprehending theories of consumer choice behaviour

Applying principles of sensory and consumer testing methodology

Applying principles of experimental design and statistical evaluation of sensory
and consumer data

These are generic and were assessed as part of the project: Did these make
sense to the students and did they give them a clear idea as to the ILOs of
the course?

Monday afternoons were dedicated to project work while Wednesday
mornings were dedicated to traditional lecturing while Wednesday after-
noons were focused on exercises and practical demos.

The course is structured in a holistic manner starting with lectures on
senses, moving into the area of sensory methods; the data analysis of sen-
sory data generated and how the senses are important in the consumer
realm and in terms of sensory marketability. The course’s holistic struc-
ture is underpinned by a practical project which practically underpins the
course structure and the structure is also given context by lectures related
to ongoing research and in industrial applications.
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Specific subject areas of teaching/learning (ILOs)

The Sensory and Consumer Science course consists of lectures, theoretical
and practical exercises as well as a group project which follows the course
content closely. Thus, the students apply the theory in practice over the
period of the course. In addition, excursions are included. In the lectures,
introductions, overviews and demonstrations are given related to several
areas. The following are the ILOs as they are presented to the students in
the course description, also the project context of the lectures and exercises
are presented:

Philosophical aspects of sensory and instrumental measurements

Anatomy and biology of the human senses

Theories within experimental psychology and consumer behaviour

Sensory science from a broader cultural, historical and societal perspective
Methods for measurement of sensory properties

Relationships to chemical and physical properties

Consumer choices and affective evaluation/preferences

Experimental design and statistical evaluation of sensory data for discriminative
and descriptive testing as well as linking sensory, consumer and instrumental
data.

e Examples of applying sensory and consumer methods in development of (healthy)
foods in food industry

Theoretical and practical exercises include hypothetical sensory problems
and testing of sensory methods in practice. Through the project work, stu-
dents will learn how to apply sensory theories and methods. During the
excursion, applications of sensory science in the food industry and research
will be illustrated.

These were more specific definitions of ILOs and to give an idea of
where the course can have an impact on students’ total education and their
working lives after university in general. This aspect was also addressed in
the focus group and questionnaire in terms of a step in assessing alignment
of the course within itself.

Assessment and exam

Before the students can take the examination, they must attend the theore-
tical and laboratory demonstration exercises. In addition, the project report
must be completed and passed in a short oral project examination to qualify
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for attendance at the final written exam. Thus, full attendance and involve-
ment in the project group work over the course period is required.

The examination is a four-hour written examination and it takes place
at the end of the course period. The relevance of the exam, in terms of
the students’ view on how ILOs were understood and how they should be
presented, was in general terms addressed in relation to TLAs and overall
alignment.

Literature

The course has a recommended text book: Meilgaard et al. (2007). It is a
well established text book in the area and specific chapters are pointed out
as related to specific lectures and exercises. Moreover, the book serves as
a reference source for all the main issues in sensory and consumer science
thus, it is pretty much an encyclopaedia that the students have in their hands
at all times throughout the course. It is a valuable reference source for them
during the lectures, exercises and project work.

In addition, a pensum list of articles related to specific lectures is uti-
lized to supplement the book, which shows the course description in more
detail in terms of ILOs, TLAs and alignment than presented on the LIFE
homepage.

Finally, the lecture and exercise slides are placed online for the stu-
dents as relevant to the exam. Additional materials can be found via library,
project supervisors, science direct etc. and are at the students’ discretion
most relevant in relation to their project report.

Methodology

Students

In total 32 students from various nations, including Spain, Germany, Den-

mark, Russia and France, participated in the course. These students were

randomly divided into project groups with four students per group. Of these

groups two sets of four people were selected at random to participate in a

focus interview. Prior to this, they were asked to fill in a questionnaire.
The students selected for the focus group interview were:

Group 1
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e Informant DK1: Student from Denmark, female, Bachelor in Nutrition and
Health

e Informant DK2: Student from Denmark, female, Bachelor in Food Science

e Informant Gerl: Student from Germany, Bachelor in Food Business

e Informant DK3: Student from Denmark, Bachelor in Nutrition

Group 2

e Informant SP1: Student from Denmark, female, Agricultural Engineering; En-
vironment

e Informant Ger 1: Student from Germany, female, Bachelor in Nutrition

e Informant Ger 2: Student from Germany, Bachelor in Nutrition

e Informant Ger 3 Student from Germany, Bachelor in Nutrition

Questionnaire

The pre-interview questionnaire evaluated student background with regard
to nationality and education. It identified student views on advantages and
disadvantages of issues in relation to ILOs/TLAs and alignment, and eval-
uated the students’ perception of the various topics by using rating scales
from “strongly disagree” to “strongly agree” for the majority of questions
and open answer possibilities for additional questions.

Focus group interview

A set of questions was worked out beforehand with the intent to have an
interview build up as a conversation. In order to achieve this, I applied a
certain degree of freedom to the order of the questions, to the wording and
to leave out questions that appeared redundant during the conversation. I
followed a few simple principles during the interview (Kvale; 1997; Mc-
Cracken; 1988):

e Listen — I tried not to get involved and share our own experiences, because this
might influence informants and they could use what you say to guess what you
would like to hear, rather than what you need to hear.

e Pose short and clear questions — the interviewee may lose the point of the ques-
tion.

e Remain neutral, enjoy the interview — look interested, smile and keep eye con-
tact.

e Use probes and prompts — refer to elements of the interview

e Take a full record of the interview — the interview was recorded with a video
camera
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In order to fulfil the requirements of these principles, I structured the inter-
view in the following parts:

Introductory questions. The students selected for the focus group inter-
view were asked to briefly answer the following questions: “Where do you
come from?”, “What is your education (bachelor/master)?”. I also informed
them about the nature of the interview and the areas we would address dur-
ing our discussion. The idea behind these introductory questions is to make
the participants of the focus group interview more comfortable and to give
them time to tune their mind to the next series of questions. The students
will hopefully also understand that they are not going to be evaluated on
basis of what they will answer. In order to emphasize this, I underlined that
the information gained during the interview will be useful to improve the
course constructive alignment at University of Copenhagen and that in the
near future, other students will benefit from this.

Elements of the interview. To assess the students and gain information
regarding our purpose and to verify our hypothesis, we decided to structure
the focus group interview in three different elements: grand-tour questions,
floating prompts and planned prompts. These elements were inspired by
Leech (2002) who stated “In an interview, what you already know is as
important as what you want to know. What you want to know determines
which questions you will ask. What you already know will determine how
you ask them.”

The focus group interview was planned to be of one-hour duration and
aimed to cover the following three topics:

Learning objectives (ILOs). The aim was to determine what the learn-
ing experiences from the course were for the different students. I explored if
they felt they were learning in general and if so why. In this respect, I asked
about their understanding of what the concept of ILOs were in general and
based on this: Did they understand the ILOs of the course per se? Then in
specific terms the ILOs of the individual lectures and of the project. More-
over, in this respect, I asked if it was down to individual teachers’ style of
lecturing, whether they presented ILOs up front or not that was a contribut-
ing factor to understanding and learning. Also, was the exam a motivation
to determine what the ILOs were? Finally, how could ILOs be communi-
cated better in the course?

Teaching and learning activities (TLAs). The aim was to determine if
the students viewed the teaching methods employed in the course as useful
in terms of giving them a sense of having achieved the ILOs. In this respect,
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lecturing versus exercises were explored as well as the use of a parallel
practical project.

Alignment. The aim with this aspect of the interview was to discuss
with the students if they believed the course as a whole worked. In that, the
ILOs were obvious from the TLAs employed. In addition, the aim was to
determine if the students saw the course as aligned with their total education
and if it fitted with what they viewed as job prospects after they had finished
university.

Analysis and findings

State of the nation

The course evaluation process at IFV-LIFE involves an online question-
naire on Absalon for the students to assess the course, content, teachers and
structure. This is collected by the coordinator, synopsised and discussed in
an open session with the full class of students. The results of this process
are written in a report and submitted to the study board who make a judge-
ment on its content and recommendations for areas of improvement. For
the last five years, the Sensory and Consumer Science course has run and
each year has received the highest grade, an A rating.

In broad terms, all issues have been actively sought out and actively
addressed in each subsequent year. However, I wished to learn more about
why the course is considered good by students and how it can be improved
even further. This came from the knowledge that the individual teachers’
teaching techniques and abilities varied widely and aspects of the course
structure could still be improved in terms of alignment with timing for
learning as the course is progressive in its knowledge building.

Focus group interview questionnaire

In explanation of the analysis of the focus group interview and question-
naire, the focus group responses were analysed according to key responses
in relation to the main aims of the project, namely ILOs, TLAs and other in
relation to CA.

From the individuals in each group we derived demographic informa-
tion on each student. More importantly, the questionnaire in reality was
used to cross check the focus group answers with the general consensus via
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questionnaire, thus, what one might refer to as an objective validation of
the group’s opinions used. In this respect, it was clear that the answers in
objective terms matched those achieved in the more subjective surround-
ings of the focus group. After experiencing the interview and analysing the
recording, we structured the analysis within the topics of A) ILOs, B)TLAs
and C) Alignment.

The questionnaire

Key points about questionnaire would be the following based on the three
key areas of focus.

(A) Intended Learning Outcomes (ILOs). The ILOs were scored high
for the course in general at four, but with an additional category five their
appears to be room for improvement. In this respect, it appears that ILOs
for and from the practical project is much higher than for the lectures on
the course in general (Fig. 16.1). Thus, this is a major contributing fac-
tor to the overall less than perfect ILO score for the course. In addition, the
individual teachers came under scrutiny with respect to their ability to com-
municate ILOs. Some were better than others, again a contributing factor
to an overall score below full marks. Finally, it was clear that the pensum
list could be improved with respect to ILOs, once it was understood what
the ILOs were from the introduction, but the existence of many articles and
papers in addition to the course book was not appreciated. They appeared
not to see clarity in the intended learning possibility from the papers. It
would be my guess that these students at their level are not used to read-
ing research articles from the perspective of learning and as such cannot,
figuratively speaking, see the wood from the trees, the wood, of course, be-
ing the ILOs. An additional question in terms of ILOs was in relation to
recommended courses indicated as useful in the course description as good
to have attended prior to the Sensory and Consumer Science Course. The
majority indicated that this was a useful thing to have had prior to starting
the course, and it is most likely a reason for a lack of understanding of ILOs
for a number of students as in reality some have zero background and do
not even understand the basic terminology used in the course. This is an
unfortunate reality of education at LIFE; that it is not allowed to impose
compulsory courses as a prerequisite. This is an unfortunate policy since
those that have the background become frustrated at the pace of the course
as we have to include the basics to bring all along. It does not make way
for a level playing field to begin with, so to speak, but hopefully by the end



16 CLO, TA and CAA in Sensory and Consumer Science 183

of the course, all are somewhat at least able to pass the exam, and what we
in fact have found is that we achieve a solid distribution across the students
each year with some excelling and some just passing with the majority in
the mid-plus range.

(B) Teaching and Learning Activities (TLAs). In general, the students
scored the level of learning which they believed they were achieving. If
they are as high in this respect, then the use of interactive TLAs is a better
contributor than lectures. Also, it was apparent that the level of learning
was very much related to the ability of the individual teachers in terms of
their teaching skills in achieving a high understanding of the lecture ILOs
(Fig. 16.1).

(C) Alignment. In terms of questions relating to the overall alignment
of the course in the students opinion, the course scored highly. In addition,
when asked about the course’s alignment with the students’ education in
general, it was very high. This was not surprising as all students were in
some way involved in food science, however, it was interesting that the
majority indicated “nutrition” as a specialization which has only in the last
few years become closely linked with sensory and consumer science. With
this, I mean from the perspective that nutritionists now realise that no matter
how “healthy” a product is perceived to be, it will not be eaten if it does not
taste good — a simple but very true fact. People may eat something once or
twice but what is needed to influence health with food is mass adaptation to
products such that they become the new norm. Many students went as far
as indicating that the course was part of the master plan they had for their
education from the start. It has to be said that some disagreed totally with
this also.

Finally, a point that is worth highlighting, after all is said and done, the
students indicate that they liked the sound of the course very much, thus, it
is a good idea in the course description to make courses sound good to get
students to participate.

Focus group interview

In this section, I will present the key conclusions from the points made by
the students in relation to the grand tour questions of the focus interview
which shed light on ILO/TLA and Alignment. Furthermore, a link is made
to the indications of the questionnaire (previous section) as reinforcement
of “validity” in terms of an independent view versus an opinion in a group
setting.



184 Derek V. Byrne

Fig. 16.1. Mean responses to initial questionnaire by focus group participants.

Most importantly, here also the students suggested methods based on
their experiences of teaching as to how they believe any issues could be
improved. This is, of course, important in that sometimes we as teachers
cannot see the wood for the trees and the most obvious solutions can be
missed.

I summarize the main conclusions as text and include quotes only where
appropriate.

Note: The individual questionnaire is linked directly to the focus areas
of the interview, in terms of objective scoring of key issues regarding ILO,
TLA and alignment as discussed in previous section.

A. ILOs. Grand Tour Question, focus: clarity of learning goals. They
were asked specifically why they chose the course, were they clear as to
what they were learning and did they feel they were learning something?
The following is a synopsis of the main points raised in the conclusion on
ILOs:

e Structure: It is very well-structured
ILOs about lecturing versus exercises, exercises work best, but they can see the
merits of lecturing

e Project works well as an underpinning and focal structure for the learning across
the course

e Timing: The course needs a little tweaking in terms of timing - early in the
course some lectures did not fit closely enough with progress on report, there
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was a slight lag in that they would have begun on the project with the issues that
came two days later in the course. In previous years, this has not been noticed,
but via this interview process it was clearly an issue. Particularly so for one
third of the students who indicated that they did not have all the recommended
courses prior to this course.

Attention span: A critical issue linked closely to the previous “timing” issue dis-
cussed was a tweaking needed of the ordering of the daily schedule to ensure
attention was not lost after a long day of class work on Wednesdays, where lec-
tures and exercises mainly take place in the same room. This by default will also
help with the lack of alignment of the course work in the first two weeks of the
block with the progress on their practical project. Such that the lectures precede
the project work, as well as there are no full days in the classroom. Project work
is carried out in our various labs, but involves preparation, consumer testing etc.
so it is very varied and interesting and a break from the classroom.

B. TLAs. Grand tour question, focus: reasons for lack of clarity in ILOs.

Was it the individual teachers or the style of teaching? How to best improve
any lack of clarity? Was the exam a driving force and did any lack of clarity
cause frustration in this respect? Conclusions on TLAs:

Teaching good overall, some better than others and this has implications, of
course, for the clarity of the individual lecture ILOs — to improve, send guide-
lines to all teachers on how the ILOs of their lectures should be displayed.
Also break down the lectures in the compendium in terms of ILOs, such that
one has a full overview of each lecture’s ILOs linked to the main subject areas
as presented in the course, plus a link to diagram of main course areas. Students
indicated that it was a good idea to improve the compendium course overview.
Teachers should focus on the point and not waffle all over the place. This was
countered by by the opinion that it is also nice to get the broader view. The
first point was from a student who was exam-focused so it was no surprise also
during the course that she asked about ILOs.

Teaching formats; lectures are not as interesting as exercises and demonstra-
tions, but in agreement with that fact comes through lectures, but understanding
of the facts in many cases comes through linked exercises.

C. Students’ view of alignment of course. The aim here was to get the

students’ view on the constructive alignment of the course such that I as
a coordinator could make a judgement on its overall alignment. Again, to
try to validate my interpretation with the views of the students. Thus, the
linkage of ILOs and TLAs and course structure were the main focus of
discussion. Grand tour question 1, focus: Do you feel that the course works
well for you in its format? Do you feel it functions well in terms of its
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make-up? Does it function well for you in your overall education now that
you are doing the course? Do you know what type of job you might get
afterwards? Can you see where sensory is important now? Has the course
lived up to its interesting description?

Conclusions — alignment — students’ views

As already pointed out, the alignment about timing of initial lectures needs
sharpening, but then the students indicated they were on a roll after two
weeks and it all became good. This year (2010) was special as all were
very quick in their project progress, more so than in previous years.

The ILOs and TLAs were okay for them, but, of course, they would
like more activity and less classroom. Also, the project was a very effective
frame to fit to the ILOs for them, in that way they could see what they
learned work clearly in practice, i.e. how to train a sensory panel in theory,
then do it in practice. An interesting exercise is to get the theory to work on
real people in practice and it is not easy.

In terms of a discussion of whether this course part is part of a master
plan and whether it fits in with their overall education: Some agreed, some
totally disagreed. In conclusion, the students may have been a little young,
as third-year BSc/first-year MSc (who may have a stronger view as to the
course’s relevance) to really comprehend this question, but it was interest-
ing to ask as it gave an idea of the motivation for choosing the course, such
that we knew it was not just because they liked the sound of the description
as was discussed previously.

As a conduit to the overall education fit, I asked if they had opinions
on the type of jobs that they might get as a result of this type of course
and focus in their education. It was clear that the Danes had very clear
and precise views on this, the Germans were much less clear. However,
all of them indicated that it was much too early to consider jobs seriously
concerning their education as they were having so much fun at university.
We all, of course, recall these happy go lucky times.

In terms of the overall question: “Has the course lived up to expecta-
tions?”, the response was very positive and the students indicated that they
became more and more interested and drawn in as the course progressed.
To the point now they indicated that are becoming annoyed to as dinner
companions as they discuss the various sensory aspects of the food they are
eating and the pros and cons of these with their dining partners. From my
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perspective, we could not wish for much more in that we have converted
them to the sensory path and this is, of course, where we will get our best
PhDs from in the future.

Perspectives

Here is, to make an overall conclusion from the above, my view as coor-
dinator of how well the constructive alignment of the course works based
on the systematic analysis of the questionnaire and focus interview conclu-
sions as determined.

Identification of some key issues:

1. Lecture is the standard in most countries and is accepted, but it is not “en-
tertaining” enough. Is this a reasonable view, is education and learning about
entertainment? To a degree for certain; the trick is to strike a balance between
structure, information, teaching techniques and enabling learning. Thus, break-
ing the lecture up with a series of tasks, discussions and small exercises has
proven to work very well for me on course teaching. It is nice now to know I
do not have to talk for 45 minutes during a ‘lecture’; this was always a daunt-
ing task and the realization that this is perhaps not a good idea in itself was a
welcoming relief.

2. Interaction is better than lecture, but do students really learn from one over the
other? A clearly aligned combination with appropriate timing appears to be the
best solution. The present course will benefit a lot from this information from
the students.

3. ILO learning goals are reasonably well understood, but should be integrated
better, across the course description and linked more clearly to the compendium
and individual lectures and back via project.

4. Teachers should be more coordinated and have a standard format for their lec-
tures in terms of ILOs up-front and make sure that these are clearly linked to
the overview of the course in the compendium and initial lecture on course
content given on day one. This will be an active issue for next time where we
will send out a set of suggested guidelines with the constructive alignment idea
described for the lecturers.

5. Alignment is very good in terms of a mix of lectures, exercises and practical
project work. A slight rethinking of the focus of the days is needed due to
fatigue, so one half day of lectures on Monday, one half day of exercises on
Wednesday and afternoon Wednesday project work.

6. Timing of lectures needs rethinking in terms of when they are best presented.
In relation to this, the reordering in point five would also help a lot in that they
are lectured and do exercises just before they work on that part of the project,
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most importantly, in the first two weeks of the course only, they find a balance
after that.

. The course book needs to be looked at in terms of lecture structure. The com-

pendium’s function now is papers linked to lectures, whereas it should be pa-
pers linked to exercises linked to lectures such that the alignment of the ILOs
is clearer.
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Preparing students for industrial quality control
of medicines while keeping a problem-based and
research-oriented learning environment

Michael Timm

Department of Pharmacology and Pharmacotherapy, FARMA, University of
Copenhagen

Introduction

The MSc education in Pharmacy (Cand. Pharm) at the Faculty of Phar-
maceutical Sciences (FARMA), University of Copenhagen, is composed
mainly of compulsory courses. Currently, only one semester at the end of
the education can be used for elective courses. As a consequence, the elec-
tive courses and the final Master’s thesis comprise the only specialization
the students can obtain within the basic education. Therefore, students that
are enrolled in the elective courses have fairly extensive background know-
ledge and are all (with the possible exception of guest students) at similar
academic levels.

The elective FARMA master course “Quality Control of Medicines —
microbiological and immunological approaches” (subsequently abbrevi-
ated QCM) will have to be transformed from a 5 ECTS intensive course
to a 7.5 ECTS block structure course. This will result in a major trans-
formation of the entire course schedule and learning activities. The course
was in its original form mainly a laboratory course with focus on methods
used for testing medicines for microbial contaminants. The methods used
in the course were very diverse and included past, present and future tech-
niques for detection of bacterial contaminants, all with a primary focus on
research-based uses.

The transformation of the course in to a block structure requires an in-
tensive restructuring, since the course requires cell culturing and bacterial
preparations, processes that should preferably be attended to daily. Since



190 Michael Timm

restructuring is needed, the group of teachers responsible for the course
decided that this could represent a golden opportunity to slightly alter the
course content to include a more industrial-orientated approach. An ini-
tial analysis of the course has helped to identify segments of the course
where alignment may be insufficient and where the “Intended Learning
Objectives” (ILO), "Teaching/Learning Activities” (TLA) and “Assessment
Tasks” (AT) could be improved. It is the overall aim of this work to imple-
ment some of the previously identified suggestions for improvement and to
evaluate the new course as a whole. The evaluation should include both the
teaching group associated with the course (four scientific and two techni-
cal administrative staff members) and the students (17 students are enrolled
in the course). The new course platform was offered for the first time from
November 2010 to January 2011. It was decided by the teaching group asso-
ciated with the course to make the teaching problem-oriented and to include
both techniques and personnel from the industry relevant to the course.

Purpose

This work is conducted in the effort of designing and conducting a course
at FARMA that joins:

e Conductance of quality-control experiments of pharmaceuticals according to
the currently approved methods for pyrogen testing as used in the industry.
Independent student work based on “problem-based learning”

Introduction to novel and research based methods

Student ability to understand literature within the art, defining problems, prepar-
ing protocols for experimentation and apply critical evaluation of results ob-
tained.

It is the overall objective to design the course in a way that appeals to
the students so that they find it interesting and relevant, while still keeping
the level of education and industrial applicability at an advanced level.

Deliverables

To achieve the overall goal of the project and to obtain valid course evalu-
ation I believe the following nine deliverables are necessary:

e Overall logistical planning of the course determined.
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New course material designed (instruction manuals etc.).
Revised format for student guidance in the laboratory developed.
Teaching of the students by research-oriented relevant personal.
Teaching of the students by industrial relevant personal.

Student acceptance and consent of the format chosen.

A questionnaire for student evaluation of the teaching.

Interview with the teaching group.

Interview with students.

Success criteria

In order to evaluate the course transformation as a success we believe that
it is essential to meet the following success criteria:

The overall design of the course (the new course material, the logistical plan-
ning, the PBL format and the choice of assays) allows industrial and research-
based experiments to be conducted along with theoretical considerations, self-
reflection and independent study as evaluated by students after the course.
Students feel that they have a problem-based approach to the questions raised in
the course material but still feel that the guidance is adequate. Furthermore, the
students’ display in-depth topic understanding, can read and understand scien-
tific literature within the field, and have a critical approach to own results which
is evident in high marks at the final exam.

Students are educated in quality control of medicines as conducted in the
pharmaceutical industry and novel research methods for quality control of
medicines by both scientific and industrial personal. And the students rate the
course as relevant both in respect to industrial and scientific research methods
and see the connection.

Interview with teaching group and students, rate the new course as relevant and
well-proportioned AND suggests future improvements.

Reflections regarding the teaching format used in QCM

The course in QCM has traditionally been a laboratory focused course. The
techniques taught on the course are the cornerstones in the industrial rou-
tine testing of medicines. Emphasis has never been on the industrial appli-
cation of these methods, however, but more related to variants of the tests or
alternate applications since this will provide more interesting results in a re-
search and development setting. Moreover, the former curriculum has also
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included a variety of alternative tests that are not generally accepted by the
authorities or the industry. The reason for this was to provide the students
with insight into the research-based approach that we as teachers find fasci-
nating and intriguing. Since this is an elective course, experience teaches us
that the participating students are generally enthusiastic and have selected
the course on the basis of a true interest in the novel methods we teach.
However, only 13% of the students proceed with a research-based career
(PhD) while more than 50% will be employed in the medicinal and biotech
industry (Farma; 2007). Moreover, since approx. 30% of the postgraduates
report that they work with registration, quality assurance or quality control
(QA/QC) (Farma; 2007), it is far more likely that a course designed to meet
the requirements of the industrial setting would benefit the students more
in their future employments.

Education of students is, however, not normally based upon industrial
needs or wishes. Nor would it be correct or desirable to exclude the novel
methods from the teaching since they comprise the cornerstones of the
research-based teaching that may be considered crucial for university stud-
ies. However, it could be rightfully argued that students may benefit from
both the industrial and the research-based approach to quality control. It is
also generally accepted that students will learn more easily if the applica-
bility of the subject is evident.

Traditionally, the format for the course has been the much disputed
“cook-book” format where students conduct the experiments according to
the instructions of the lab manual. However, unrelated to the format cho-
sen, the whole concept of laboratory teaching has been the subject of many
investigations and review papers. In 2005, Hofstein and coworkers summa-
rized many of these reviews by stating that, in general, the research in the
area has failed to show simplistic relationships between experiences in the
laboratory and student learning (Hofstein et al.; 2005). Hofstein also cites
Gunstone & Champagne (1990) for claiming that “learning in the labora-
tory is possible if students are given ample time and the opportunities for
interaction and reflection to initiate discussion” (Hofstein et al.; 2005). In
the given setting of the QCM course, it is, however, not only relevant how
the conceptual learning of the students is facilitated but also how we can
best develop their “craftsmanship skills”. The laboratory approach used in
the course design is chosen not only to emphasize the theoretical know-
ledge of the textbook by using follow-up experiments but rather to educate
the students in correct practical conductance of experiments. In order to test
medicines for minute concentrations of contaminants, it is essential that the
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students themselves do not intentionally contaminate the experiments and
that they learn to work with outmost precision and overview. This requires
that the students are educated in correct techniques and good laboratory
practice (GLP) something that can, of course, be studied in a textbook, but
never fully comprehended or mastered before bering experienced in a labo-
ratory.

With the obvious need for a hands-on approach to this course, we sought
to design the laboratory part of the course based on industrial and regulatory
applicability, but with the intention of keeping a research-based problem-
oriented approach. Our initial considerations for the course structure is not
unlike the one presented by Schulz and McRobbie in a 1994 study regard-
ing a constructivist approach to science experiments (Schulz & McRobbie;
1994). Five major features guided their design of the laboratory teaching:

Students’ own ideas were elicited.

Students’ own ideas clarified/challenged.

Application activities planned.

Real life situations used.

Time and space for student reflection and social interaction.

This study showed a statistically significant increase in learning when em-
ploying these major features in the teaching compared with the more tradi-
tional laboratory activities.

These major features also reflect some of the considerations we have
made in the new design of the QCM course. We want students to play a
central role in the design and evaluation of their own experiments while
still keeping the industrial and research perspectives in mind. Therefore
we have revised all but one exercise in the curriculum to include student
planning and in depth evaluation of results.

Course design conceived for QCM

In the newly applied block structure the QCM course is placed in block
2, timetable B. This means that in 2010/2011, the course consisted of five
weeks before Christmas break and three weeks after the break where the
last week will be reserved for exams.

The general idea for the course design is that the first five weeks are
spent in the laboratory and the last two weeks are spent with result evalua-
tion and peer presentations. Furthermore, the last weeks will include orig-
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inal literature scrutiny and lectures given by specialists from the industry
that are working with quality control on a daily basis.

For the practical part, the students are working together in groups of
two. Each group receives two different pharmaceuticals that they are to
spend four weeks analyzing using various assays. The last week is spent on
a project of the students’ own choice.

For the analysis of the original pharmaceuticals, students are not given
any instructions apart from the question: “Can these products be released
for patient use?” The lab manual describes four Pharmacopoeia-approved
methods for microbial quality control (pyrogen tests) whereof we have fa-
cilities for conducting three of them and one alternative research-based as-
say. Basically, the block structure allows each group to have three days of
lab time (Monday from 8 to 12, Tuesday from 13 to 17 and Friday from 8to
12) for each test and three days for an independent project.

Without the students’ knowledge, the original drug products are divided
between the groups in such a way that each group will receive one product
which has been intentionally contaminated with microbial debris and one
product that due to its formulation exerts interference with one or several
of the assays.

It is, thus, the objective of the students to overcome the interference of
one product and to correctly identify the contaminated product in relation
to origin of the contaminant and the concentration of the contaminant.

It is intended that on the first day the students familiarize themselves
with the new test and test their products s according to the general descrip-
tion from the lab manual. When they then experience the possible problems
of testing some products directly (due to interference), they are to use the
second day to refer to literature and to conceive ideas to overcome po-
tential problems. On the third day, the students can repeat the experiment
implementing their own conceived experimental designs. Students can, of
course, utilize the experiences from the previous experiment in the next,
and thereby increase the possibility of correctly identifying the origin and
concentration of the contaminant.

If we were to relate the herein described course design to the five fea-
tures described by Schulz & McRobbie (1994), we could relate the content
to the five features in the following way:

It is the overall idea that the students must conceive a way to get rid of the
interfering substances in the medicines; furthermore students will have to
adapt the experimental design of product testing in a way so that it will
fulfil the requirements of the pharmacopoeia.



17 Preparing students for industrial quality control 195

Based on the results of the first experiments, students’ ideas to eliminate
interference or improve detection limits will be discussed/validated with
the teachers in order to verify that all relevant controls have been included
and that the chosen format fulfils requirements. If not, students are encour-
aged to change the experimental design. (It should be noted that there are
no teacher comments in regard to whether or not the experimental set-up
will give the results intended. It is likely that the setup chosen by the stu-
dents will not provide the desired results, this is however also considered
a “positive/successful” outcome of the exercise).

Application activities planned in relation to above mentioned.

Similar to an industrial setting, the exercises are conducted as teamwork
with the possibility of peer discussions. Real pharmaceuticals are used
and the experiments are conducted more or less as they would have been
conducted in an industrial quality control laboratory. Furthermore, the stu-
dents have the overall (imaginary) responsibility for whether or not the
product can be released to patients, an obligation that is identical to the
one they will face in a future position in a QC laboratory.

Students will have ample time to discuss the results and future approaches
on day two of an experiment. Furthermore, four groups of students will be
working with the same technique and thus have time for joint reflection
and social interaction throughout the days. At the end of the course, the
two weeks of classroom teaching will include group work with opponent
group discussion and peer presentation of the experimental design chosen
and results obtained.

Considerations regarding the good PBL student and the
good PBL facilitator

At FARMA, PBL or other variants of the minimally guided approach have
been implemented for several years. The current use of PBL is highly de-
pendent on the course and course director, but many compulsory as well
as elective courses have PBL exercises included. If we look at the general
characteristics of PBL, namely, that: (81) Learning is driven by challeng-
ing, open-ended, ill-defined and ill-structured problems. (2) Students gen-
erally work in collaborative groups, and (3) Teachers take on the role as
“facilitators” of learning. One could argue that what some teachers con-
sider PBL might be far away from this definition. The laboratory setting
seldom supports truly open-ended, ill-defined and ill-structured problems
since the equipment will always limit the possible ways and means of solv-
ing a problem. Moreover, it seems that even though teachers try to take the
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role as facilitators, most teachers who attempt to implement a constructivist
approach end up providing students with considerable guidance (Kirschner
et al.; 2006).

It is the overall aim to adapt a PBL-like format to the QCM course
since the teaching group believes that the problem-based approach will en-
courage the students to undertake an indepth investigation in regard to the
application and value of the various methods, while still focusing on the
importance of learning the craftsmanship related to the techniques. With
this in mind, it is highly relevant to consider how we can best facilitate a
PBL-like approach to the course. One of the key aspects is to make students
aware of the format and to let them know what is expected of them. Here
we emphasize the fact that the students are given ample time to conduct
the experiments since we expect that many students will find this format
confusing and frustrating in the beginning due to the lack of guidance and
poor prerequisites of the students. Likewise, the instructors have to adapt to
the role of facilitators instead of teachers. This process is also expected to
pose a considerable challenge.

Recognizing that it may serve little purpose discussing whether or not a
laboratory course can ever fully fulfil the general characteristics of PBL, it
may perhaps be more useful to look at the openness of the course. Using the
four levels of enquiry (0: Confirmation/Verification, 1: Structured Inquiry,
2: Guided Inquiry and 3: Open Inquiry) we may be able to evaluate the
degree of openness of the various exercises according to the Schwab/Herron
levels of laboratory openness (Fig. 17.1).

LEVEL PROBLEM WAYS & MEANS ANSWERS
0 Given Given Given
1 Given Given Open
2 Given Open Open
3 Open Open Open

Fig. 17.1. Schwab/Herron Levels of Laboratory Openness

The classic cookbook experiment would normally represent level O or 1
whereas the fully implemented PBL project would be a level 2 or 3 exercise.
Implementing the decided changes in QCM would result in a course
structure allowing students to work with “one project”. The objective is
to verify whether or not two selected products can be released for patient
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use. The implementation of this project-based structure meant that we had
to eliminate a few classical cookbook exercises and include a new method
that was well defined in literature. Thus, the execution of the individual
tests was still subjected to well-described protocols, but the format would
have to be defined and altered based on the literature discovered by the
students. This way, the otherwise well-defined problem with given ways
or means, was now much more open-ended and allowed student specula-
tion regarding assay setup and sample preparation. Therefore, compiling
three or four classical cookbook experiments to one project both increased
the level of openness and introduced a problem-oriented approach to QC
problems much like the students are expected to encounter in their future
professional careers. It is the intention that the Schwab/Herron model for
laboratory openness should be kept in mind when advising the students and
that this may support the transformation from “teacher/instructor” to “fa-
cilitator”.

We, therefore, believe that the PBL-based approach fully supports the
considerations we have made regarding the course. It is, however, an es-
sential prerequisite that both students and instructors are fully aware of the
requirements and limitations of the format.

Assessment

The course was originally assessed by an oral examination and it was early
on decided to keep this format. It is, generally, believed by the teaching
group that this allows more indepth discussions regarding choice of assays
for quality control as well as supporting the possibility of student to relate
critically to their own results obtained in the projects with greater detail
and nuance. This examination form is believed to be well suited for the
course since the key learning objectives are to conduct and to account for
the theoretical aspects of a given method, but more importantly to assess
the value and the results of an applied method to a given problem.

One problem in regard to this assessment format is that it does not take
directly into account the ILOs related to the laboratory work. In the “course
outcome”, as defined by the course description point seven states that stu-
dents should be able to conduct Quality Control as described by Regulatory
Authorities. However, the practical experimental skills are not directly as-
sessed in the final exam. It could be argued that the laboratory performance
of the students is indirectly evaluated since the results obtained in the labo-



198 Michael Timm

ratory form the basis of their further reflections and evaluation. It is likely
that the assessment format could take reflections done in the laboratory into
account and results obtained to an even greater extend. One way would be
to include an assessment of the final “quality control (QC) report” the stu-
dents are to submit. This assessment could then count for a percentage of
the grade. However, since the “QC report” is the final result of weeks of
group work, assigning a mark to the report would require the students to
list a responsible person for each section of the report (due to the Danish
legislation regarding group examinations) and this division of tasks and re-
sponsibility between group members is not believed to benefit the overall
objective of the course. Therefore, we decided to base the entire evaluation
on the final oral examination.

One interesting alternative would be to make a final individual one-
week project based on full implementation of the PBL format where stu-
dents could harvest the experiences obtained in the foregoing weeks. This
experiment could then result in an individual report that is evaluated by the
seven-scale grading system constituting e.g. 30-50% of the final grade. This
suggested evaluation form should allow students to perceive that their per-
formance in the laboratory as well as their analytical and problem-solving
skills are evaluated and thus improve the alignment of the course. Unfortu-
nately, the limitations in available laboratory equipment preclude this pos-
sibility.

For the exam, the limited information in the lab manual, the QC report
and all original literature presented during the course constitute the curricu-
lum.

Results

Implementation of the new course structure in the laboratory part

With some obstacles, the overall logistical planning of the course was com-
prised in a way that allowed transition from intensive course to block struc-
ture course. Especially, the continuous cultivation of cells represented a
challenge but the goodwill and flexibility of the technical staff associated
with the course allowed the five weeks of laboratory work to be conducted
in an orderly and meaningful way. However, limitations in the apparatus
available did suggest that precautions may be relevant with a fully booked
course (24 students instead of the 17 we had enrolled this year). It is the
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general impression from the teaching group that the new course material
designed was suited for the purpose and that the high degree of openness
did not intimidate the students. General discussions in the teaching group
also revealed a common agreement that the aim to implement a constructive
approach was, in part, successful and we believed that the direct guidance
of the students was kept to a minimum. There was a general acceptance of
students’ ideas that were “outside the box” and students were in general en-
couraged to proceed with experiments even though the apparent chances of
success were minimal. In cases where intervention was required, the help
was generally related to literature referral. It was also the general conclu-
sions of the teaching group that the increased focus on problem solving
did not affect the technical conductance of experiments. It was, therefore,
the general impression that the revised format for student guidance in the
laboratory was successfully applied.

Observations done during the course

Based on the experiences from the past five years of lecturing this course,
some changes in student behavior were evident. The following section is
based on own subjective observations but all observations has been dis-
cussed with the teaching group and general consensus was achieved in re-
lation to the following statements.

“The students were calm”.

It was the general expectation from the teaching group that the very open
format would confuse and frustrate some students. Eventually, this could
mean that students would feel discouraged or stressed by not knowing
which expectations to meet. This was, however, not the case. All students
embraced the challenge in a calm and orderly fashion and they conceived
and executed the experiments with high dedication.

“The students used the experiences from former experiments without any
teacher encouragement”.

Without any teacher involvement students immediately linked the different
exercises and transferred the experiences obtained in one experiment to the
planning of the next.

“It was the general opinion from the teacher group that the students were
better prepared this year compared to last year”.

The students seemed well-prepared and had read the sparse information in
the lab manual and most had prepared individual notes and calculation for
the experiments to be undertaken.
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“Students struggle to relate obtained results to real life settings and some-
times lose faith in the validity of their results, their own capabilities and/or
the overall aim”.

Even though we as instructors take great effort in stressing that this course
is based on methods as applied in the pharmaceutical industry we would
still get asked: “How do they do this in the industry” and when we reply
“This way” we were in part met with disbelief. Furthermore, students did
not fully comprehend that problem-solving skills should be learned during
this course, so a general reply to the student statement: “But it’s impossible
to do it like this” quickly became: “then come up with a solution. . . or go
tell the boss that he will have to throw away a product worth 20 million
because you do not know how to analyze it...” However, eventually the
students understood the format and the statement “If you can’t do it the
right way, do it another way. ..” became accepted as indicative that not all
solutions are described in literature and that it is better to try and to fail
than not to try. Hereafter, the quest for results was well undertaken by all
students.

Furthermore, it was the general perception of the teaching group that
we maintained a non-threatening environment in which the students thrived
even though student-teacher interactions were sometimes retained at a min-
imum.

Student evaluation of the course structure as applied in the laboratory

At the end of the laboratory part of the course, students were asked to give
an oral evaluation of the course based on their experiences in the laboratory.

In regard to the planning and execution of the practical part of the
course, the comments from the students reflected a general appreciation
of the format with important suggestions for alterations.

The students believed that there was ample time for the experiments and
appreciated that they could plan their own time in the lab. This included
that they could fill in the gaps between experimentation or while waiting
for results with planning of the next experiment or literature scrutiny.
Student comment: “It’s good that we have so much time for the exercises,
otherwise it would be very frustrating not knowing what to do in the exer-
cises”

Student comment: “We can spend the time reasonably while we are here”
Students also liked that they could repeat some of the exercises, if neces-
sary.
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Student comment: “It’s good with the repetition of an experiment, the pur-
pose became clearer.”

All students agreed that it was an advantage that we apply industrial
relevant experiments in the course and would prefer an increased focus on
the final QC report.

The students argued that they would have liked some more theory to
begin with before entering the laboratory. However, when asked, most
agreed that it is more valuable to have a “hands on” experience with the
assay before applying theoretical considerations. A feasible alternative was
suggested by one of the students that waiting time occasionally associ-
ated with an exercise could, to a greater extent, be used constructively
for student-teacher interactions regarding the related theory. With regard
to non-exercise related theory, it has, however, always been the intention
of the teaching group to begin the course with a general theoretical session
to get students on the “right track” from the beginning. But for logistical
reasons, we had to start with the laboratory exercises from day one of the
course.

Another related request of the students was that more literature should
be made available beforehand for preparations. I believe that this request
could be interpreted in several ways. An obvious (and perhaps convenient)
interpretation would be that the students are highly dedicated and want to
learn more. Another less flattering interpretation could be that the students
are uncomfortable with the problem-based approach and that they prefer
some guidance in their literature search confining the possibilities to for-
mulate their own project. However, with due respect to the fact that the stu-
dents are presented to a new area of expertise with a different set of tools
than they are use to, I chose to interpret this request as reasonable wish to
be guided in the right direction before major considerations regarding assay
designs are discussed amongst group members.

Contradictory to our general beliefs, the students did not perceive the
limited student-teacher interactions as positive. We were under the impres-
sion that the students liked our distant approach so they would have a
chance to discuss general issues amongst themselves without teacher in-
volvement. However, according to student statements they felt that we as
teachers tended to situate ourselves in a group away from the students,
making us more unapproachable for questions and discussions. This obser-
vation is regarded as very important since it represents a problem without
any obvious solution. We can easily recognize that we did situate ourselves
away from the students but for the sole reason of letting the students work
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independently. But if the students in any way feel that we are unapproach-
able in these situations, we may be facing a problem with the format. It is
the obvious suggestion that we in the future are in closer proximity to the
students and try to keep teacher-teacher discussions to a minimum. How-
ever, this must not affect the independence and lively discussions amongst
students.

Implementation of the new course structure in the theoretical part

The two weeks of the course spent outside the lab was divided between:

e Group work (completion of reports, preparation of presentations, and general
discussions).

e Discussions with opponents (time was reserved for discussion of findings and
how challenges were overcome by the different groups, we hoped that this
would provide a forum for knowledge transfer).

e Lectures by teachers (a theoretical walk-through of the different techniques
used during the course).

e Presentation from QC professionals (from Novo Nordisk and CMC biological)
mainly centered around how the QC tests we used in the laboratory are con-
ducted on a routine basis and how the results affects their daily work.

e Student presentations (QC report findings, theory and results from their self
designed project and presentation of original literature.

In general, the teaching group had little involvement in the group work and
discussions with opponent groups and thus, did not get a good feeling as
to how the time was spent. The lectures seemed to interest the students and
basis for good discussions was formed. Likewise the presentation from the
QC professionals seemed to interest the students and the consensus between
the daily work of a QC professional and the tests that we had worked with,
further validated the relevance of the course. We also found the student
presentation to be of a fairly high quality and they were, in general, well-
structured and comprehensive. The subsequent discussions were, therefore,
fruitful and interesting. We felt that the students had spent the majority
of their time on findings from the QC report and this was interpreted as
sincere student interest in the project. One downside to this was, however,
that it became somewhat one-sided to hear the results of eight fairly similar
projects which also seemed to bother the students.

The final course evaluation was done by a student evaluation form as
shown below where the results are included.



Student evaluation form for Quality Control of Medicines -microbiological and
immunological approaches, Jan 2011

Dear Student!

Your input is very important in order for us to prioritize which educational aspects of our courses
should be improved. Therefore, we kindly ask you to fill in this form. Your responses will be
anonymous. The overall results will be used by the lecturers and the Teaching Committee of this
institute to improve the quality of our courses — and we thus appreciate your sincere and constructive
feedback.

Yours sincerely,

Erik Wind Hansen, Lise Moesby and Michael Timm

Name of course: Quality Control of Medicines

Course Objectives: To give students the opportunity to learn, evaluate and conduct Quality Control
of medicines using a microbiological and immunological approach. The methods described in
Ph.Eur. and other regulatory authorities are addressed.

1 2 3 4 5
Please indicate with an ‘X’ the answer that best Strongly |Agree Neutral |Disagree |Strongly |Don’t
represents your opinion (only one ‘X’ per row) agree disagree |know
| experienced a good correspondence between the
teaching and the course objectives (as indicated above) 2 13 5
| think that the practical execution of the course was
SL.ICCESS.fU| _(facﬂltles, equipment, information 9 10 3 1 1
dissemination etc.)
| experience a good coherence between the various
course elements (lectures, practical work, etc.) 10 6 1
| experience the course as relevant to my personal
educational objectives 7 8 1 1
In cases where | needed feedback on my work
(presentations, assignments, papers, reports) | was able 7 8 1 1
to adequately get such feedback from the teachers
For me, the teaching material is adequate for this
course. 1 5 6 4 1
I liked that the course was relevant for quality control in
the industrial setting 10 7
| preferred the problem orientated approach to the
subject over the traditional laboratory course approach 9 10 5




Compared to my background knowledge | experience that the academic level of the course is:

1 2 3(16) 4(1) 5

Far too low Low Adequate High Far too high Don’t know
| experience the work load of the course as:

1 2 (4)* 3(10) 4 (6)* 5

Much too low Somewhat low | Adequate Somewhat high | Much too high | Don’t know

*some responders had marked both 2 and 4 as an option indicating that the work load was somewhat low in the fall and
somewhat high after the Christmas break

7.5 ECTS-points: In this course, for me the average work load per week was
(including classes, preparation, written assignments etc.):

1 2 3 4 5 6
Under 10 hours 10-15 hours 15-20 hours 20-25 hours 25-30 hours Over 30 hours
(3 (12) 4 1)

List three things that should be kept in the course next year

| have listed the statements by the students in a slightly categorized and reduced form and listed the number of
students having supported the statement:

The QC report (6)

Oral presentations by the students (6)

That we centered the course around test with an industrial applicability (5)
That the same products were tested repeatedly by various tests (5)
Exercise D (the student designed project) (5)

The high number of teachers associated to the course (4).

Use of scientific papers (3)

The order of which we conducted the lab/seminars (2)

Lectures by the teachers (2)

Lectures by QC professionals (2)

The Lab manual (2)

Working with “real life” problems (1)

The general good vibe in the laboratorium (1)

List three things that should be changed in the course next year and indicate how!

| have listed the statements by the students in a slightly categorized and reduced form and listed the number of
students having supported the statement:

Distribution of the work load; before/after the Christmas break (8)

More theory (primarily in the context of general immunology and introduction to excercises (8)
Clear curriculum definition from the start (5)

Use lab pauses more efficiently (4)

More communication via absalon (4)

Communication between teachers and students regarding the preparation of the QC report (3)
More information regarding the exam (3)

Not necessary to hear all QC reports presented (2)

More mixing of theory and experiments (2)

Too much time for group work (2)

Student abstracts from the scientific papers should be edited/approved by teachers before distribution (1)
More structure (1)

Teachers should have encouraged more to general discussions (1)
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Analysis of student evaluation form

In general, the evaluation form is fairly consistent with the observations
done by the teachers and the comments made by the students in the oral
evaluation of the laboratory part.

We deduce from question 1-5 that the students, in general (with only
a few exceptions), find that the course is well structured with good cor-
respondence between course elements, objectives and relevancy. However,
the questions regarding the adequacy of the course material truly divides
the students. Many feel that they were to ill-prepared for the different tasks
they were facing and would like to consult a text book or lab manual. Since
we are experimenting with the minimally guided approach we would antic-
ipate that some students would feel that the course material is insufficient
since the idea is that they themselves should address the original literature
or turn to the pharmacopoeias or similar regulatory guidelines. It is obvi-
ous that the background knowledge of the subject is too limited for them to
know where to turn for relevant literature. We must, therefore, find a way
to get students on the right track from the beginning so that they do not
feel that they are wasting precious time chasing answers where none can be
found.

Questions 7 and 8 are interpreted as a general approval of the course
content and relevancy. We also consider this a validation of the problem
based approach that we have tried to implement. It seems like the academic
level has been appropriate as well as the workload. However, it seems that
a better distribution of the load before and after the Christmas break should
be implemented. The time spent on the course is slightly at the low end sug-
gesting that we could increase our expectations of student preparation and
perhaps introduce some immunology literature as “self study” or as prepa-
ration for the individual experiments. This would also in part be a response
to the students who state that they would like more theory and like to spend
the lab pauses more efficiently. Another obvious request from the student is
to increase communication. I believe that this in part relates to the inexpe-
rience from us as teachers in using the minimally guided approach. In our
eagerness to make the students work independently and without too many
inputs from our side, we may have overlooked the need for communication
in respect to other aspects such as; general information, technical questions
and curriculum or exam information. A more structured approach to the
communication is therefore desired.
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Conclusion

All in all, we conclude that the students, in general, liked the new format
and explicitly (in the evaluation form) showed their appreciation of the new
core aspect that we have build the new course around, namely:

The QC report
That we centred the course around tests with an industrial applicability
That the same products were tested repeatedly by various tests as one project
and
e The lectures by QC professionals.

Moreover, the majority of students recognized the PBL approach to the
course and appreciated that they had ample time to test and re-test the same
products during the course. Most importantly, the students appreciate the
oral presentations and subsequent debate regarding results and result eval-
uation and actually suggested that this should include opponent group eval-
uation of the QC report.

We also feel that we have met the majority of our success criteria in
that: The overall design of the course allowed industrial and research based
experiments to be conducted along with theoretical considerations, self-
reflection and independent study.

The students felt that they had a problem-based approach to the ques-
tions raised in the course material, but it seems that they did not find that
the guidance is adequate.

The students displayed in-depth topic understanding, read and under-
stood the scientific literature presented, and in part displayed a critical ap-
proach to own results. Students have also suggested relevant improvements.

For the teaching group, there was a general consensus that the new for-
mat supersedes the old and that we all like the problem-based approach
using analysis of two pharmaceuticals in multiple test systems. Also, the in-
clusion of QC professionals seems to inspire the students and we as teachers
appreciate the validity it gives our topic choice. We also felt that the stu-
dents learned from their mistakes and it seems that the final QC report with
the “go/mo-go” decision regarding the release of pharmaceuticals encour-
aged the students to profoundly reflect on their obtained results.

We feel that student acceptance of and consent to the format chosen
was very limited and that they were frustrated over the minimally guided
approach. In some cases, they felt distanced from the teachers even though
teachers were heavily represented in the laboratory and in the classroom
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sessions. I do not think that this shows a discontent with the format, in
general, but that it reflects a frustration among students who simply do not
know what is expected of them. In my opinion, this is a clear example of a
misinterpreted (or lack of) didactical contract between students and teach-
ers. We should from day one have informed the students how we expected
that the minimally guided approach should be used in the lab, how our
teacher involvement should be in the student projects and finally, how this
approach affects the exam. Moreover, it should be underlined that our lack
of “teaching” should be compensated in part by an independent literature
search by the students (at any given opportunity) and a subsequent discus-
sion of the data collected.

If the increased focus on the didactical contract will make more stu-
dents accept the format of our project based, minimally guided approach
remains to be seen. But it is the intention of the teaching group to keep the
herein described course format. The changes suggested by the students will
be implemented to further improve the student acceptance and, hopefully
thereby, the willingness and ability to learn.
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