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Problem solving is a critical skill for engineering students and essential to
development of creativity and innovativeness. Essential to such learning is an ease
of communication and allowing students to address the issues at hand via the
terminology, attitudes, humor and empathy, which is inherent to their frame of
mind as novices, without the attempt to have to be the expert. Deep learning of
scientific fact can be facilitated by using non-conventional tools for teaching,
learning and presentation such as drama, video, posters, model making and other
similar means. It may be time to break free of the PowerPoint tradition to
generate successful approaches for establishing student engagement and main-
taining such engagement.
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Introduction

Higher education pedagogical approaches offer a multitude of theories, concepts and
methods for guiding and coaching students on their path towards predetermined
learning outcomes beautifully written by teachers to meet the expectations of society.
Regardless, the day-to-day teaching and learning operations continue to face the
unending quest of coaching novices into experts to play on the future ‘dream team’
(Salas et al. 2006, 439!53). The differences in learning appear to be a conflict
between ‘instructivist’ and ‘constructivist’ perspectives (Arbauch and Benbunan-
Fich 2006). Consequently, instructional design and teaching practices attempt to
draw on empirical evidence that integrates sound pedagogy with identified learner
traits and learning styles (Brill and Park 2008). Such academic debate is, however,
somewhat far removed from the everyday teaching, as students are usually strong-
willed, often still in the process of personal growth, and with vast differences in their
personal expectations for the content of their education. A transformation process is
often called for, whereby learners become participants in their own education via
learning tools which promote learning and include verbal, digital, visual or
emotional tools, which are used to increase personal and group commitment.
Students should therefore learn in an environment that favors activity and experience
and fosters immediate engagement (Biggs 1999; Holtham and Courtney 2006).
Evidently, student engagement and the maintenance of such engagement (Holtham
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and Courtney 2006) will ultimately decide the fate of the learning process and
learning is expected to be better when knowledge is constructed by the students
rather than when students receive knowledge via formal instruction (Leidner and
Jarvenpaa 1995).

Challenges of engineering education in the EU

Traditional engineering education particularly in the European system, continues to
face many challenges. Classes are often large, topics are scientifically demanding and
the curriculum is multidisciplinary, containing both natural sciences, engineering and
technology, including a significant mathematics!physics-information sciences re-
quirement. Accordingly, university education in the European system continues to be
dominated by the objectivist model of learning, whereby the professor transmits
knowledge to the students and relies on each student to master this knowledge
(Arbauch and Benbunnan-Fich 2006). Unfortunately, as stated by Breslow (2001) it
is still commonly assumed that listening to and watching a lecturer and consequent
recitation of detail and facts leads to students absorbing the skills that are necessary
for sophisticated problem solving. Moreover, the Bologna process for unified
curriculum structures in the EU, presented on the website http://www.ond.
vlaanderen.be/hogeronderwijs/bologna/, has unfortunately resulted in an increase
in student workload in many engineering programs.

Teaching scientific fact within the engineering curriculum is thus clearly a
challenge. On one hand, mastering a scientific discipline or domain, and command
of facts is an essential part of the learning process, whereas achieving a deep learning
process, whereby knowledge is created or constructed by every learner is difficult to
achieve in the traditional instruction and classroom setting. According to Leidner
and Jarvenpaa (1995) students learn better when they are provided with the
opportunity to discover concepts rather than being formally instructed. Moreover,
participation in group work results in deeper learning as interaction with other
students affects mechanisms of cognitive processes. Such mechanisms necessitate
student participation in debate, resolution of conflicts or disagreement, as well as
peer- and self-assessment (Arbauch and Benbunan-Fich 2006; Benbunan-Fich and
Hiltz 2003). In such a learning environment, the instructor functions more as a
consultant rather than as the conventional teacher (Johanssen et al. 1995) and a
‘cognitive apprenticeship’ approach (Breslow 2001) to instruction is called for.
Genuine engagement can only be achieved by active collaboration in an environment
which fosters a shared, multidirectional process of teaching and learning (Rice 2004).

New avenues for high engagement

Holtham and Courtney (2006) present that in order to promote engagement, the
tempo and the learning experience need to be carefully orchestrated to maintain
engagement in courses. Accordingly, innovative course design should draw on a
variety of learning experiences open to students and a high percentage of such
experiences should be spent in high-engagement learning tasks. Moore, Fowler, and
Watson (2007) also suggest that mitigating student resistance to taking responsibility
when engaged in active learning tasks, may be achieved by involving the student in
understanding why a particular approach to learning has been chosen for a specific
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course. Consequently, to develop every-day, real-life ‘classroom’ tools for teaching of
scientific fact in conjunction with development of social and team work skills, we
present the design and results of a course whereby we have aimed at developing a
concrete model of engagement through student commitment to shared tasks via
problem solving (Arbauch and Benbunan-Fich 2006; Breslow 2001; Figure 1).

The aim of our communication is to: (1) provide evidence for deep learning of
scientific facts by using non-conventional tools of teaching and to evaluate how the
skills associated with scientific disciplines can most effectively be adopted into student
learning processes; (2) propose that focusing on group activities and development of
the learning space allows students more broader means for deeper learning; and (3)
demonstrate the value of creativity as part of coaching novices into experts as part of a
team via continuous engagement. As a sideline to our arguments, we also demonstrate
that guiding students to use other forms of presentation than PowerPoint, generates
creativity, ingenuity and inspiration.

Approach

Course design and goals for learning outcomes

Twenty-six students participated in the Health Technology Microbiology course in
the degree program of MSc (technol.) in Chemical technology. The length of the
course was seven weeks and included compulsory lecture attendance, group work
assignments, a personal portfolio and a written exam for three or five European
Credit Transfer System (ECTS), where 1 credit"27 hours of work. Goals for
learning outcomes were: (1) scientific content of diagnostics and vaccine develop-
ment; and (2) development of skills for group work, problem-solving critical thinking
and learning by experiencing. Every week there were two hours of lectures and a
minimum of three hours of group work was required. Lectures focused on
immunology, diagnostic microbiology, principles of epidemiology, medicinal product
development and regulatory affairs. For the assignments, six groups were formed
with three to five students each, as overlapping classes affected the group size. Each
group was given a specific topic and only one reference to the topic. The group
assignments were carried out at the Design Factory of Aalto University, http://
aaltodesignfactory.fi/ an interdisciplinary learning hub, whereby students can use

 

Skills and scientific knowledge 
linked by learning outcomes 

Group assigments 
(6); carried out by 
groups of 3-5  

Self – assessment on 
completion of 
assignments, 
feedback collected 
and used ‘real-time’ 

Learning outcomes 

Introductory sessions 
(including compulsory  
lectures), define group 
assignments  

Voluntary tutorials, 
provide opportunities 
for advice 

Learning transferred via 
presentation of group 
assigments 

Move to student independence

Course evaluated through quality of student 
work (ie. based on self-assessment), also through 
student comments and feedback  

Different modes of presentation  
support different learning styles 

Figure 1. Course design in line with constructive alignment (Ramsden 1992, 175).
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many different tools, materials and dimensions for building and visualizing, such as
drawing, legos’, modeling clay, knitting machine, videos, movies, welding, electronics,
music etc. The objective of the assignments was not to arrive at a predetermined
‘correct’ answer, rather to focus on a learning process (Figure 1). Students were free
to choose their modes of final presentation, however, to break the conventional
presentation tradition, PowerPoint or similar written presentations were not allowed.

Feedback for monitoring development of skills and learning outcomes

Feedback was collected at the start, middle and at the completion of the whole
course (Table 1). All 26 students filled in the feedback form at the beginning, 21 filled
the form at the middle (81%), and 19 at the end (73%).

The questions in the feedback form varied slightly as the course proceeded, as the
aim was to monitor the development of student learning goals and development of
skills via group work (beginning and end) and personal learning goals (beginning,
middle and end), (Table 1). Accordingly, we first present the development of skills via
group work by summarizing the feedback students gave at the beginning, the middle
and the end. Second, we view the learning of scientific content via student
presentations. Student replies are translations from the original Finnish and direct
quotes are used. Keywords that we believe reflect learning experiences are indicated
in italics.

Findings

Development of skills facilitates learning outcomes

At the beginning 17 students had a positive attitude towards group work in general,
although the most common type of group work in which they had taken part

Table 1. Feedback themes collected at start, middle and end of the course.

Feedback themes for students
Feedback collected at start, middle
and/or end

Previous studies on the topic Start
Personal learning goals Start
Previous experience of group work Start
Expected learning for course Start, middle
Expected learning for group work as described for

present study
Start, middle

Time and supervision level
For content Middle, end
For group work
Success of group work
Formation of group Middle, end
Working as a group
Time spent on learning
Group work Middle, end
Other materials
The whole course
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previously were literature searches and written reports leading to PowerPoint
presentations. Six students did not view group assignments completely favorably
and one student had a negative view. However, in feedback collected at the middle of
the course, 17 of 21 replies indicated that ‘we are having fun and we have become
familiar with our topic, we have been very productive’, ‘our group functions really
well, it is easy to delegate and divide the work load and it is fun to work as a group’,
and ‘freedom of not having to use PowerPoints makes it possible to be creative’.
Three students were less enthusiastic and one stated that ‘the assignments take up
more time than it would take to read from a textbook’. On the other hand, the same
students contradicted this statement by stating that ‘discussing the topic in the group
is useful’.

At the middle of the course, the feedback questionnaire did not focus on group
work, rather on how the students described their learning goals (Table 1). At the
beginning students had stated that their learning goals were, e.g. ‘hoping to learn
specifically more about epidemiology and vaccine development and about diagnos-
tics of viruses’. Notably, however, the term application began to appear frequently in
the feedback at the middle of the course, whereas it was not mentioned in any forms
at the beginning, e.g. ‘I would like to learn more about the human immune system
and understand applications based on immunodiagnostics’.

At the end of the course students were also asked to list three important themes,
specific facts or working methods that they had learnt during the course. Learning
was defined as a feeling of change in comparison to the knowledge possessed at the
beginning of the course. Nineteen replies were given where students stated that they
had learned scientific content with reference to the immune system, immunology,
vaccine development, health technology related microorganisms and epidemiology.
Moreover, students stated that they had learnt group work skills and innovativeness,
and that ‘the group work motivated to study, to learn continuously and to question, it
encouraged to discuss and ponder, it also generated a need to understand the course
topics at a deeper level’. Students also commented that conflicts and disagreement
also emerged, but these could be resolved by compromising.

Feedback at the end of the course included 18 positive replies indicating that
‘learning is deeper when you have to think about your topic in a group’, ‘group
assignments motivated to study and awakened an interest to study and learn’, and
‘group work allowed you to get to know other students, to be creative and it was a
relief not to prepare PowerPoint presentations’. One reply was more negative and
stated that the group work took so much time that this student had to ignore other
studies and that it was difficult to work according to schedules of other students.

Team work skills as learning outcomes

At the end of the course, all six groups gave their presentations 45 minutes each.
After each presentation, each student gave written feedback on every presentation for
the following: (1) What was good about the presentation format from a scientific
point of view?; (2) Did the presentation help you to learn about the scientific aspects
of the topic?; and (3) What specific scientific issues of the topic should have been
addressed differently? Students were asked to reply to each question with three
sentences. Consequently, each question was addressed by 78 short sentences, which
were surprisingly consistent and could therefore be summarized as presented below.
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In the following, each group assignment is presented with emphasis on the methods
of delivery of the presentation to highlight the learning experience. The www-
references given to each group have been included for additional information to
interested readers.

Drama for learning vaccine development and scientific challenges

Students presented the assignment by a short play (drama) of the history of vaccine
development, followed by poster presentations and an overview with slides, which
had no text (http://www.accessexcellence.org./AE/AEC/CC/vaccines_how_why.php).
A narrative was played during the acting of the drama on vaccine development. The
students in the audience evaluated the presentation as being humorous, historically
interesting and easy to follow. The short drama (play) made the topic clear and the
pace of the narrative was suitable. The combination of the video with the drama
acting and the posters formed a well coordinated presentation. Student learning
experiences were reflected by statements such as ‘the presentation provided interesting
new information on the history of vaccine development’, and ‘the presentation helped
me to learn about vaccine development, particularly due to the amusing manner of
the presentation’. Students also stated that ‘the theory behind vaccine development
combined with the drama presentation gave a deeper understanding of the topic,
which I will remember’, ‘modern vaccine development also became understandable
due to the clear poster presentation’, and ‘the presentation was well in line with the
topics covered by the lectures, the overlap was very good for learning purposes’.
Moreover, students commented that ‘although there was a lot of detail it was
possible to formulate a general view of the topic, and to retain this learning’. Only a
few students felt that the presentation had too many scientific details. Then again,
some students felt that the amount of detail made the presentation interesting.

Facts, slogans and global suffering juxtapose the challenge of Malaria

The presentation began with an introduction of facts on Malaria, with signs and
short slogans, a four-phase poster presentation and a video to summarize (http://
www.rapid-diagnostics.org/index.htm). Learning experiences were exemplified by
statements such as ‘the presentation helped me to learn about Malaria as a disease
and the problems of vaccine development’, ‘during the presentation I realized how
little I knew about this disease previously, and the presentation gave new under-
standing on the causative microbe, the lifecycle of the microbe and the many
antigens’. Students continued to state that ‘this was important information for being
able to comprehend why the disease is difficult to treat and prevent by vaccination’.
Evidently, the presentation medium played an important role in facilitating learning
of this topic exemplified by statements such as ‘the video presentation was an
excellent way of repeating what had been presented, which made me feel that I was
really learning’, ‘the video helped me to correct my previous misunderstanding of
Malaria’. Also more conventional means of presentation were useful, as students
noted that, e.g. ‘the use of the four different banners/drawings helped me to
understand the connection between different facts and will help me to retain this
information in memory’. Students stated that the beginning was very impressive and
memorable, as the group presented facts by using banners, drawings, and a narrative
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on the mortality and morbidity of the disease, which made the audience realize that
even if the presentation was fun, the statistics of the disease are tragic. The group
gave the presentation in their own words, without complicated and pre-rehearsed
terminology, which made it interesting to follow. A few students would have been
interested to know more about Malaria treatment, but they also pointed out that it
would have been beyond the scope of the assignment.

SARS via video with questionnaires to monitor individual learning

The students presenting this assignment began by asking the audience to fill in a
questionnaire containing facts on the topic after which a self-enacted video on Severe
Acute Respiratory Syndrome (SARS) and vaccine development was shown (http://
www.sarsreference.com). At the end the questionnaires were given back to the
audience and each student could then verify the facts that they knew before the video
and after. Replies from students in the audience demonstrated that this was an
excellent format for learning. The video, enacted with typical student humor,
contained facts on the virus, the infection, transmission and the symptoms of disease
in humans. There were also important facts on the containment procedures for
diseases spread by the respiratory route and the incubation and transmission
timelines from an epidemiological point of view. The humorous points and acting
made the presentation less authoritative than typical instruction materials. Students
concluded that this was a very coherent presentation of the core facts, with no
unnecessary minor details, which are usually very hard to retain. The focus on
selected facts was also reflected by student replies on learning such as ‘the use of the
pre-video questionnaire and the final questionnaire was an excellent idea, it was
great to see what you had learnt during the presentation and it was also good to see
how little you had known even at the start’, ‘the answers to the questions, were easy to
retained in memory’, and ‘the video gave a great overview of SARS and the
questionnaire gave an explanation of the causative virus’. Moreover, ‘the ques-
tionnaire attracted my attention and I became interested in the topic, and the video
deepened my ability to remember’, ‘the questionnaire made the audience part of the
presentation’, and ‘the presentation definitely helped me to learn, as I had very little
previous knowledge on the topic’. However, some students also felt that the video
presentation gave a rather general view of the topic. Some also felt that lectures
should have given more background on this virus, as the replication of the virus is
complex and could not be covered within the time limits of the presentation.

Self-made prototypes and familiar settings for Influenza A virus function

The students presented the assignment via a prototype model, a short video and by
drawing illustrations as the presentation proceeded (http://www.health-kiosk.ch).
Interestingly, the video had been filmed in the laboratory where the majority of the
students of the present course had previously completed microbiology laboratories.
Also for this presentation, the video was important. The video was easy to associate
with as it was staged in familiar surroundings, i.e. the student practical laboratory.
The group spoke clearly, the presentation proceeded at a suitable pace, and the
spoken narrative correlated well with the presentations. Students in the audience
commented that ‘the video increased my perception on production processes for
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vaccines’, ‘the video was very useful as it was filmed in our laboratory and therefore
mimicked a real-life setting, which was familiar to us’.

Prototype models were ‘home-made’, unpretentious, rudimentary and built by the
students themselves from styrofoam, wiring, aluminum foil and wool yearn. These
prototypes clearly promoted learning as illustrated by comments such as. ‘I finally
understood why H and N ("surface structures protruding from virus surface) are
important for the virus, and therefore the function of the vaccine also became clarified
in my mind’, ‘the system by which viruses are identified became clear via the models of
the virus that the group had built themselves’. Moreover, as has been stated above, the
presentation pace was important as students stated that ‘the pace of the presentation
was attuned with the listeners ability to comprehend and the pace was not too fast’.
Some students also wished for more information on regulatory issues of vaccine
approval, and some would have been interested in more information of growing viruses
for vaccine production.

Rapid diagnostics by cardboard cutouts and Lego’s

Students presented cardboard cutouts and color drawings with simultaneous
explanation of the background of the test, the performance of the test in the
laboratory and the interactions of the necessary biological molecules or reagents
(http://www.rapid-diagnostics.org/index.htm). Moreover, the group also presented a
‘home-made’ cardboard prototype of a test which they had designed to detect airborne
transmission of an imaginary microbial species. Students in the audience found this
very motivating as the group was clearly enthusiastic about their innovation. The use
of a common kit (pregnancy test) as a cardboard prototype and Legos to show
antibody-antigen reactions was very concrete and helped to visualize the facts on
which the tests are based. The presentation was ‘built’ in front of the audience as it
proceeded and the drawing of a mind-map allowed the audience to follow the
reasoning process of the presenting students. Using cardboard models for demonstra-
tion of technologies that most students were previously not familiar with such as lateral
flow, antibody reactions and solid-phase technologies, received additional praise. Key
to the learning process was involvement exemplified by, e.g. ‘It was very useful to see
how each test proceeds in reality’, ‘most specifically I remember the demonstrations on
the function of each test, and the case-study of diagnostics for the imaginary microbe
was also very interesting and easily memorized’, and ‘by demonstrating the tests in a
simplified format it was easy to understand the function and the requirements for each
test performance’. Evidently this presentation also succeeded in creating a shared
experience of learning as students stated that ‘the audience became part of the
presentation’, ‘we were more than listeners, as the demonstration materials were also
circulated amongst the audience’, and ‘it was a good idea to demonstrate the function
of rapid diagnostics by presenting the principles of the pregnancy test, which everyone
is probably aware of one way or another!’. Some students felt that more information on
the range of applications for tests could have been covered and some limitations of use.

Color and visualization for HIV immunobiology

The final presentation included a magnetic board where the invasion of the cell by a
virus was demonstrated, a ‘home-made’’ prototype of the virus, banners and graphs,
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which had prepared in advance (http://www.rapid-diagnostics.org/index.htm). The
group also attempted to explain most complex issues by oral presentations, however,
as the presentation was very detailed and scientifically demanding the presenters had
to resort to reading notes during the presentation. On the other hand, even though
the students in the audience felt that the topic was challenging the presentation did
succeed in demonstrating many scientifically significant aspects. Students in the
audience felt that the function of the virus in the cell became clear, the use of the
magnetic board with a big pink cell was very inventive. The presentation materials
were very colorful, which made even the challenging details manageable. On the
other hand, in comparison to the other presentations, students in the audience
commented mainly on the amount of information, and less on their learning
experiences as illustrated by comments such as ‘the topic was challenging, but as this
was the last presentation of the day, we were all quite tired, and therefore not in the
best state of mind to take in all the information’, ‘Use of the magnets to demonstrate
the invasion of the cell by the virus was very useful and made even this difficult topic
understandable’.

Interestingly, student replies indicated that this group was thought to have
presented the best level of scientific content. On the other hand, the presentation was
most likely also perceived as difficult as this was the last presentation of the day.

Assessing learning outcomes for skills and scientific content

Student self-assessment

Feedback on student performance was collected by asking the students to evaluate
their own performance and the performance of their group during the course. Of the
19 answers, on a scale of 1!5, 17 students gave themselves a 4 (very good) and two
gave themselves a 5 (excellent). For the group grading, one student gave the group a 3
(good); nine gave grades of 4 and five students gave a 5. It is thus evident that
students tended to give a slightly higher grade for their group than they did for
themselves.

The students were also asked if they felt that their group failed in some aspect,
what was the reason for such a possible failure? One student indicated that his/her
group did not function. According to this reply the group had no clear leader, and it
was difficult to know what to work on as, according to this student ‘the teacher had
not split the assignments in advance for each student to work on independently’.
Moreover, this student added that ‘when we decided to delegate the topic for
individual group members, the content became to large and we ended up with a
complicated set of data with little in common under the actual theme’. Two students
felt that their topic was too difficult and three students felt that the schedule for the
assignments was too tight. Four students listed other reasons such as ‘laziness, we
could have been more efficient in collecting data’.

Assessing student and teacher workload

Time spent on the assignments increased from an average of some 62 hours at the
middle, to some 74 hours at the end. Together with the lectures (14 hours) and the
supplementary reading for the five ECTS, these requirements correlated reasonably
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well with time estimated for student workload for a course of three ECTS (ca.
88 hours) and five ECTS (ca. 123 hours). The most striking differences between the
two types of courses in 2009 and 2008 was the time spent by the teacher on planning
of assignments, the selection of the teaching space, and designing and collecting
feedback (Table 2).

Discussion

The goal of our course was to explore how deep-learning of scientific fact can be
promoted by allowing students to work on assignments without any specific
predetermined end-result in a non-conventional learning space and to present the
results of their work by non-conventional presentation tools. Based on the learning
outcomes of this course we believe that our approach promotes problem-solving skills,
innovation and motivation. These views are in line with Alavi, Wheeler, and Valavich
(1995) who have stated that the goal for group-based objectivism is to provide students
with problems with objectively correct answers that require the use of facts or concepts.
Even though we present data for a single course, it is evident that our approach
integrates into the three conditions of effective learning as argued by Alavi, Wheeler,
and Valavich (1995), namely active learning by doing, cooperation and teamwork in
learning and learning through problem solving. Moreover, our findings illustrate the
importance of the learning space in promoting student engagement and emphasizes
the need to align learning space design and student work as proposed also by Nixon
(2009). Most importantly, we have shown that students were highly engaged and
motivated by the shared experiences and developed a ‘common language’, which was
ingrained into the pace of the presentations and the humor. The use of ‘normal
language’ instead of excessive terminology was a key to communication of results to
peers and facilitated group discussions, internalizations and explanations and self-
explanation effects as part of key to clarification of the students’ own understanding.

Table 2. Teacher time estimate for design and implementation of the new course in 2009
comparison to traditional lecture course of 2008.

Teacher activity

New course
concept (hours)

(2009)
Traditional (lecture)

course (hours) (2008)

Designing PowerPoints 50!60 70!80
Definition of learning outcomes, assignments,

timetables- and schedules, booking learning/
lecture space/halls

20 2

Lectures/presentations 14 28
Coaching and tutoring assignments, taking

part in presentations
30 5

Collecting feedback 20 1a

Assessment and grading 30 30
Total teacher time 164!174 136!146
Weekly teacher time (estimated for 12 weeks) 14 12

Note: aFeedback collected by official on-line system.
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These findings are well in line with the group learning paradigm (Benbunan-Fich and
Hiltz 2003).

Students showed respect to others because of having to work in a setting where they
had no previous experience, the concept of ‘us’ was also evident as group assessment
grades were higher than those given in self-assessment. Difficult topics were made
understandable as exemplified by the HIV assignment, and students clearly showed
development of the ability to confront complex team work situations, resolving
conflicts learning to compromise and ability to show empathy. Accordingly, our
findings are also in line with Harasim (1990, 39!66) who proposes that when working
with peers, rather than alone, anxiety and uncertainty are reduced and students are
able to construct knowledge and skills for finding their ways together through complex
and new tasks. On the other hand, some students, appear to believe that they are
incapable of solving problems, and often this also becomes the case (Breslow 2001).
These students became frustrated, as they felt that they should have arrived at some
correct answer for the problem. Such a situation may be very difficult for the teacher to
avoid as this depends largely on the psychological sense of what is right or justified in
problem solving (Breslow 2001) and one student may influence the attitude of the
whole group.

Teaching innovation is a continuous process

Teachers and students involved with innovation in teaching and learning face a
similar dilemma, as innovation as a term has become rather mundane and non-
inspiring. Innovation, as originally defined by Utterbach (1994) may be either
incremental or radical, where even radical innovations are more than often built on
previous technologies and processes. Therefore, also teachers should view teaching
innovation as an incremental process, where the learning approach is in line with the
learning styles of the students. As stated by Felder and Brent (2005): ‘A goal of
instruction should be to equip students with the skills associated with every learning
style, category, regardless of the student’s personal preferences, since they will need all
those skills to function effectively as professionals’.

On the basis of the experiences gained from our course, we therefore conclude that
essential to the learning in a group was the ease of communication within the group
and allowing students to address the issues at hand via the terminology, attitudes,
humor and empathy, which is inherent to their frame of mind as novices. There was no
need to be an expert and no expert terminology was necessary. Statements referring to
building an understanding, making connections and storing into memory were
repeatedly evident and point towards an active process of constructing knowledge
(Biggs 1999). We also agree with Tolhurst (2007) who calls for all educators to consider
the implicit message that they convey to students via the design of the courses they
teach and the learning environments they create. These choices ultimately reflect the
beliefs that the teachers have regarding the knowledge in their disciplines, be they
intentional or subconscious. As a continuum of the realization of such beliefs and
attitudes, we would propose that also the teacher needs to become integrated into the
learning environment and to learn to trust the student’s ability to learn and take
responsibility. As a final conclusion we quote an interview of a student who had taken
part in the course, which appeared in the University Intranet as follows: ‘The team
work was demanding but fun. The environment of the Design Factory inspired one to
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commit oneself to the objectives of the course, and the teacher managed to create a
relaxed work and study atmosphere. In the end, however, scientific facts had to be in place,
and due to this it was challenging to think how to present the contents in formats other
than PowerPoint slides’.
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