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An important goal of engineering education isthe acquisition of problem-solving skills. The profound
mastery of relevant concepts and phenomena provides an essential foundation for the attainment of
knowledge and understanding in engineering subjects, aswell as aprerequisite for good problem-
solving skills. New knowledge and conceptual understanding are both built on existing knowledge.
L earners build connections between their existing knowledge and new experiences. Therefore, itis
important that lecturers be ableto acquire knowledge of their students’ conceptions. Approachesto
teaching that may promote conceptual understanding are suggested in this article. The use of a
PDEODE worksheet (Predict — Discuss — Explain — Observe — Discuss — Explain) is introduced.
This can be applied when dealing with phenomena, demonstrations, hands-on experiments
and other problems, amongst others. This intensifies and clarifies the learning process. Using
visualisation aids in €l ucidating abstractions hel ps students to form mental visual images and make
visual interpretations of what concepts mean. Combining visualisation with peer interaction and

cooperativelearning yields good synergy.

CONCEPTUAL UNDERSTANDING AND
PROBLEM-SOLVING SKILLS

An important target for engineering education is the
gaining of problem-solving skills. Intense mastery
of relevant concepts and phenomena generates a
necessary base for the acquisition of knowledge and
understanding in engineering subjects; it also provides
therequisite skillsfor good problem solving. The physi-
cal sciences provide afoundation to build upon and a
premisefor the better understanding and utilisation of
the concepts and phenomena needed within various
domains of engineering. When discussing problem-
solving skills, these should not be understood in the
limited sense of solving numerical problems with
the help of agorithms.

* A revised and expanded version of two papers presented
at the 6" UICEE Annual Conference on Engineering Edu-
cation, held in Cairns, Australia, from 10 to 14 February
2003, and combined here. The paperswereawarded the UICEE
gold award (C. Savander-Ranne) and bronzeaward (S. Kolari)
by popular vote of Congress participants for the most sig-
nificant contribution to thefield of engineering education.
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In the field of engineering, problem solving is
ultimately applied to the design of new products, to
planning or trouble shooting industrial processes and
soon. Itisargued that good problem-solving skillscan
be achieved through a good mastering of concepts
and understanding of phenomena [1][2]. It is also
claimed that a common cause of failure in problem
solving in the physical sciences and engineering
subjectsis the lack of conceptual understanding and
deeper insight into the consequences of phenomena
[31[4].

Several studies report that students who are able
to solve numerical problems are not necessarily able
to solve conceptua problems. Students have been found
to rely more on algorithmic techniques rather than
reasoning skills. For example, students may beableto
solve numerical problems dealing with gas laws, but
unableto solve conceptua problemsonthe sametopic
when problems are presented in the form of a diagram.
Students who are able to solve stoichiometric prob-
lems may have serious difficultiesin understanding a
diagram-based performance on the combination of
atoms and molecules, yet be unableto solve problems
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presented in this form. Such results have been
replicated in studies with both homogeneous and
heterogeneous student populations. [5-10]

It has been noted that student performance is
responsive to what textbooks and educators emphasise.
The authors have experienced, and studies suggest,
that amgjority of problemsset for studentsin the physi-
cal sciencesarenumerical rather than conceptual [11].
Much time and effort have been, and continue to be,
devoted to teaching problem solving in the algorithmic
sense. In some cases, this meansthat students merely
explore in their minds the algorithms they hold and
then manipul ate, sometimes randomly, the most suit-
ableones. Conceptua understanding cannot be assumed
to follow when the focusis on such narrowly defined
problem solving. Conceptua understanding and amore
qualitative approach need to be incorporated in
setting educational goalsand theinstruction should be
designed accordingly [5][9-12].

Approachesto teaching that may promote concep-
tual understanding are suggested inthisarticle. Utilising
visualisation aidsin elucidating abstractions can help
studentsto form mental visual images and make visual
interpretations of what concepts actually mean. Positive
synergy isgenerated by combining visualisation with
peer interaction and cooperative learning.

CONSTRUCTIVISM —PRIOR KNOWLEDGE

One basic constructivist principle of learning is that
new knowledgeisbuilt on existing knowledge. Learn-
ers build connections between that what they already
know or have experienced and the material they are
learning [13]. Jean Piaget asserts that knowledge is
constructed through an adaptive processthat consists
of two complementary parts: assimilation and accom-
modation [14]. Assimilation refers to the creation of
new knowledge structures by reviewing and building
on existing knowledge structures. Accommodationis
necessary when new perceptions and experiences do
not fit existing knowledge structures and knowledge
structures must be reshaped in order to accommo-
date the new experiences. Thus, what is learnt is
dictated by two influences: the schemas that people
already have in their heads and the information
contained in the external stimuli that people respond
to[15][16].

Taking into consideration the impact prior knowl-
edge has on learning, lecturers should have good
knowledge of students’ existing conceptions and a
meansto acquire greater insght into student knowledge.
It iswell known that students of engineering and the
physical sciences possess so-called alternative or
intuitive ideas and beliefs about phenomena. These

might also be called everyday or naive conceptions
and are referred to as misconceptions in many
studies. Of course, the fact that students have alter-
native frameworks holds true in other fields too; this
may also be true for teachers and lecturers in some
cases.

Conceptua change can be seen as learning new
concepts or changing the meaning of concepts already
held, preferably in a more scientific direction. By
addressing students' alternative conceptions, lecturers
can help learners to build meanings that are compat-
ible with those accepted in science and technol ogy.

The difficulties and importance of accomplishing
conceptual change can well be understood on the
basis of the information-processing model presented
in Figure 1. The authors have modified the informa-
tion-processing model [17][18]. This was based on
Mayer, Johnstone and Kolb [19][20][21].

In the model described, the sense receptors accept
new information, which is briefly held in the sensory
memory. Relevant and irrelevant information is sepa-
rated and the relevant moves on to the short-term
memory, also called theworking memory. Thelearner
constructs new knowledge in the short-term memory
by interpreting, organising and integrating selected
information. Thisnew organised knowledge interacts
with the relevant old knowledge, which is retrieved
from the long-term memory, and subsequently trans-
forms it. Mental manipulations and arithmetic
functions are carried out in the short-term memory.
The long-term memory is the storage for knowledge
structures.

InFigure 1, apprehension and comprehension mean
two different and opposed processes of grasping or
taking hold of experience. Apprehension meansmainly
taking hold of experience through reliance on tangi-
ble, felt qualities of immediate experience- understand-
ing by a concrete experience [21]. For example, if
oneleaveshigher old-fashioned bicycleoutintherain,
it will probably rust. Apprehension leads to one
repainting and recoating it and being more careful of
how one handlesit. Comprehension means understand-
ing through reliance on conceptual interpretation and
symbolic representation — conceptualisation [21]. In
this, case one has a deeper understanding of the
concepts of rust and corrosion and one is able to
design, for example, materials for a bicycle that are
more corrosion resistant, but still fulfil the mechanical
reguirements.

According to constructivist approaches to learn-
ing, students must have aresponsibl e attitude towards
their own learning. Students haveto be motivated and
show commitment. A constructivist view on learning
and knowledge is that knowledge is not directly
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Figure 1. Theinformation-processing model as modified by the authors[17][18].

transmittablefrom lecturersto learners. Learning and
internalising knowledge demands an active engage-
ment of learners whereby they build their own
knowledge. The preconceptions, interests and
motivations of students determine what they pay
attention to. Their memory system interprets this
selected information. The new informationisintegrated
with the old and familiar information present in the
long-term memory and the learner’s prior knowledge
base. Misconceptions are also a part of the learners
knowledge structures and interfere with subsequent
learning so that the new information cannot be
integrated appropriately; thus, weak understanding
and misunderstanding of new concepts is inevitable
[19][20][22-24].

Lecturers should be able to assist students in
improving their conceptual understanding and
problem solving skills. For this, lecturersneed to have
insight into students’ prior knowledge. However, this
is not sufficient in itself. It isimportant that students
themselves are aware of their prior knowledge,
preconceptions and possi ble misconceptions. L ectur-
ersshould therefore acquire toolsthat provideinsight
into students' conceptions and by which students are
helped to become aware of their misconceptions
[11][25][26]. Aninteractive learning environment can

meet these requirements and, using a PDEODE
worksheet (Predict — Discuss — Explain — Observe —
Discuss — Explain), like the one shown in Figure 2,
may be of assistance in achieving these goals.

ASSESSING CONCEPTUAL
UNDERSTANDING

It is not easy to know if students are learning, and
even more so difficult to know whether they have
achieved true conceptual understanding. Assessing
understanding requires careful observation and
thorough analysis. A student’s ability to recite defini-
tions of conceptsisof limited value as an indicator of
conceptua understanding. Definitions should, at the
very least, be accompanied by examples. Even then,
students are very talented in sorting out examplesthat
they are sure of and avoiding those examplesthat they
find unclear or difficult. Hence, no significant infor-
mation is obtained on the quality of understanding of a
concept. Additional questions need to be asked by
which adefinition can be clarified and situations need
to be designed wherejustifications must be presented.
As noted above, the ability to solve numerical prob-
lems and handle algorithmsis no proof of conceptual
understanding and does not display the conceptual dif-
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Figure 2: Worksheet for the PDEODE assignment modified by the authors on the basis of White and Gunstone [38].

ficulties of anissue and how a student is able to cope e Transfer knowledgeto new, yet related, situations.
with these difficulties. Successin numerical problem e ldentify relevant or related concepts and
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PDEODE-worksheet Name NN
Date 12.1.2000
Topic: Combustion Group 1B

Prediction b) The iron side will go up. It becomes lighter.

Explanation/Reasoning When something burns, there will be some smoke vanishing and
there will only be ashes left. The ashes will be lighter because everything else is gone.

Mutual explanation/reasoning (Group members NN and MM )
The ashes contain carbon and carbon is lighter than iron. Usually oxides will evolve. Thus, the
evolving of iron oxide makes it lighter.

Observations Iron wool really burned. It sparkled. We saw some light, felt some warmth, no
smoke, no odour but heard some slight sputter.

The iron side went down. We were wrong! It became heavier!

(Space for drawings)

Explanations/Reasoning Oxygen combined with the iron and produced iron oxide. Iron
oxide is solid and stays in the cup. The mass in that cup increases.

Comments/Questions 1. Iron oxide does not evolve, it is solid, and it is not gaseous.
2. There is no carbon; it was a mistake.
Why didnt we see any smoke?

If we measure the increase of the mass, can we then conclude something about the oxidation
state?

solving may even be misleading. combine concepts.
The following are engagements that may give
insight into student understanding. Ask studentsto: SomeApplications

Define, describe and visualise a concept or
phenomenon.

Synthesise an answer by providing explanations
and justifications, such as.

Why does something happen?
How does something happen?
What are the consequences of this?

rusting and what is corrosion.

ironrust?

Analyse an example or information that isnew to e Describe the processes involved when the
following metals are exposed to a humid sea

Students can be asked to utilise macroscopic, micro-
scopic and symbolic levels in their descriptions and
includejustifications. Examplesof thisinclude:

e Define and describe in your own words what is

e Describewhat happenswheniron rusts. Why does
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climate: iron; aluminium; zinc; copper; silver; gold.
e Describewhat happensin thefollowing reaction:

A+B 5 C AH =-nn kJ

If B isoxygen, compare thereactionswhereA is

hydrogen, where A isiron and where A is gold.

Can you conclude anything by finding the value

for nn in each case?

Intheend, all meanstotest conceptua understand-
ing havetheir limitations. The lecturer’s pedagogical
content knowledge and constant reflection on the
formulation of questions and on student answers are
needed for a successful outcome.

A successful approach to courses and lectures is
very much dueto thelecturers' constant reflection on
questions such as:

e What concepts must be understood when dealing
with thistopic?

* Do my students master these necessary con-
cepts? How can | guide my students to a better
understanding and mastery of relevant concepts?

e What makes these concepts difficult?

* How can| visualise or elucidate these concepts?

*  What misconceptions do my students hold?

*  Why do they hold these misconceptions? What is
the origin of these misconceptions?

In case studies on a textile engineering and a
materialsengineering course carried out by Kolari and
Savander-Ranne, a concept test administered at the
start of the course proved helpful in revealing what
knowledge students possessed from previous courses
[27][28]. The tests also revealed that few students
possessed an active mastery of the essential concepts
when commencing the courses.

These concept tests administered to textile and
material s engineering students helped the lecturersto
plan their lectures so that they were more congruent
with students’ existing knowledge[27][28]. They also
helped students to decide how necessary it was to do
some recalling of key concepts from prerequisite
COurses.

DEALINGWITH MISCONCEPTIONS

There are many studies on students' misconceptions
and the measures needed to correct these. It has also
been shown in several studiesthat achieving concep-
tual changeisdifficult. One essential tool isto revea
what misconceptions students hold and to find out why
they believe what they believe. Unless the source of
the misconception isunderstood, it will bedifficult, if
not impossible, to deal with. It will be similarly diffi-

cult to guide studentsto aview that iscompatible with
that of the scientific community.

L earning and understanding require both perceiv-
ing and processing information. Learning and under-
standing are influenced by the ability to perceive,
interpret and processinformation, integrateit with old
knowledge structures and organiseiit, placeit in their
memory and retrieve it. Thus, these are al elements
of thelearning process. Individual s perceive and proc-
ess information in different ways; as such, students
display adiversity of learning styles[29].

Brain-based research during the last two decades
has been ableto track differencesin learning styles of
male and female students. Male students tend to be
deductiveintheir conceptudisationswhilefemalestend
to favour inductive thinking. Asking studentsto give
examples is often easier for female students than for
male students[30]. Theway that lecturersdeliver their
lectures has a considerable influence on students
learning processes and how students are enabled to
perceive, interpret and process knowledge. These
subsequently influence the knowledge structures of
the long-term memory (see Figure 1).

Although students are taught the basic properties
of gases and the gaslaws, some continue to think that
gases do not have any weight. Students' everyday
experiences, and what and how they have been taught,
influencetheir conceptions. Everyday experiences of
balloons, or of CO, gas escaping from bottles, givean
impression that gases are alwayslight. The belief that
burning substances become lighter and vanish in the
air is an expected one; this is because many burning
substances give thisimpression [31][32]. Such visual
impressions are difficult to overcome; however, using
visualisation eigibly isalso an efficient tool in order to
achieve conceptual change.

A classical misconception of students, and onethat
Kolari and Savander-Ranne have met and dealt with,
isthat students believe that the bubbles evolving from
boiling water are hydrogen and oxygen gas [31][32].
Thereason for students having such aconception may
lie in the chemistry taught at lower education levels.
Students do not have a holistic picture of al of the
conceptsinvolved in vaporisation, phase changes and
the breaking of bonds. It isabasic chemical principle
that reactions are reversible and that energy either
flows out of the system or into the system, depending
on what direction of the reaction is studied.

H,(g) + %2 0,(9) 5 H,0(9) AH = -242 kJ

From the written reaction above, it can be seen
that, when one mole of hydrogen and half a mole of
oxygen react, one mole of water is produced. The
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enthalpy changeis 242 kJ and energy flows out of the
system. For the water to decompose, 242 kJ of
energy per mole of water will be needed. A
conclusion that the bubbles evolving are hydrogen and
oxygen is understandable and may be dueto students’
beliefs that boiling the water introduces sufficient
energy for the water to decompose.

Most students master the phenomenon of vapori-
sation. Many students also understand that a certain
amount of heat is needed for phase changes to occur,
just to break down intermolecular forces. What they
do not necessarily realiseisthat decomposing awater
molecule into hydrogen and oxygen requires much
more energy because the intramolecular bonds
between the hydrogen atoms and the oxygen atom
then have to be broken. In this case, the misconcep-
tion regarding the nature of the bubbles must be dealt
with through a conceptua understanding of energy
levels.

MAKING USE OF PEER COOPERATION
AND A PDEODE APPROACH

Many lecturers employ a single approach when
explaining — an approach that is declarative, proce-
dural and theoretical initsknowledge orientation. Such
an approach does not necessarily lead to students
internalising the knowledge and being ableto integrate
and apply it. Concepts gain meaning for students, and
mental models and schemes are constructed, on the
basis of prior knowledge and what is perceived and
experienced. Giving experiences and aiding percep-
tionisthereforeimportant. Eventhoughtimeisscarce,
it would be beneficia to teach some conceptsin two
different ways, to try out new approaches or, better
still, apply acompletely new teaching method.
Students learn by different means and the devel-
opment of meaning for a concept varies from student
to student [29]. Peer interaction and cooperation give
the means for students to benefit from several differ-
ent approaches and have been documented as tools
to foster conceptual understanding and conceptual
change [33]. Encouraging students to discuss and
cooperate presents an opportunity for them to deal
with concepts, processes and phenomenain multiple
ways. Peer interaction gives students the possibility
to communicate with their partners, to discuss
opinionsand conflicts, make predictions, interpretations
and explanations and to construct and co-construct
knowledge. Students are forced to reflect when
required tojustify and defend their own ideasand points
of view. They haveto maketheir intuitive and emerg-
ing ideas explicit and public, but in an environment
where nobody stands alone. In this context, it is

important that there is an atmosphere in class and
within the groups that supports discussion and a
diversity of views[33][34].

A PDEODE - worksheet (Predict — Discuss —
Explain — Observe — Discuss — Explain) (see Figure
2) can be applied when dealing with phenomena, dem-
onstrations, hands-on experiments and other problems.
Thisintensifiesand clarifiesthelearning process. Itis
constructed in such a manner so that it will sit well
when peer interaction is pursued and thereby helps
both lecturer and students to proceed systematically.

The questions and problems chosen for ateaching
approach involving cooperative learning and peer
interaction should arouse discussion on the part of the
students, encourage them to raise questions, to see
things from different perspectives, to disagree in a
constructive way and to present divergent solutions
that can be justified from several points of view. The
problems should be sufficiently challenging and
designed so that inadequate knowledge and miscon-
ceptions are revealed. In science and engineering
subjects, an experientia context should not beforgotten.
Presenting aproblemin connection with ademonstration
or a laboratory can be very fruitful. Typically, the
problem would require students to predict, conclude
and explain what will happen. In the course of the
demonstration or laboratory, they then experience what
really happens and seek out reasonsfor any divergent
predictions. In this way, students become interested
and genuinely engaged. The PDEODE-approach helps
both students and lecturersin this process.

Theories of concept learning have thus far been
mostly based on acognitive constructivist perspective
on learning. A well-planned problem can include a
cognitive conflict, which will aid in developing
disequilibration in the minds of students. For apair or
agroup to reach joint resolution, each participant will
have to reflect on hig’her own opinions and on those
of their peers. The situation may then lead to a socio-
cognitive conflict described by Piaget, where both
social and cognitive conflict are present [14]. As
students become aware that there are points of view
different from their own, they haveto re-examinetheir
own points of view and reassess their validity. They
learn that they must justify their own opinions and
communicate them well if they want othersto accept
them [35].

Peer cooperation also respondsto Vygotsky’sview
that learning isthe sharing of meaninginasocial context
[36]. His perspective on learning is situational and
socio-cultural and he claimsthat higher mental func-
tions are aided by social interaction, which precedes
learners’ internalisation of difficult scientific concepts.
Tao and Gunstone have confirmed in a study of
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collaborative learning at the computer that the social
construction of knowledge takes place within the con-
text of peer cooperation and that it leads to students
conceptual changein the learning process [37].

VISUALISING THE OXIDATION
REACTION OF IRON AND USING A
PDEODE APPROACH

Inorder toillustrate visualising, elucidating and find-
ing out student preconceptions, the authors combined
the use of demonstration and the PDEODE-
worksheet. Thiswas achieved by utilising an experi-

ment on burning iron wool [22][31][32]. A small piece
of iron wool is placed in one cup of a set of scales.
Balanceismaintained with weights placed in the other
cup. Students are then asked: What will happen when
the iron wool is ignited? The alternatives given are:

a) Theironsidewill godown, itwill become heavier.
b) Theironsidewill goup, it will becomelighter.
¢) Thebaancewill remain stable.

Figure 2 shows the modified worksheet for the
PDEODE assignment, while Figure 3 illustrates the
demonstration procedure. Students are asked to make

Student NN predicts
what will happen.

Student MM predicts what
will happen.

Student NN justifies
his/her reasoning.

Student MM justifies
his/her reasoning.

T,

-

solution and reasoning.

Students NN and MM discuss and
ponder, and try to reach a mutual

Peer groups and lecturer

p»| exchange and clarify
understandings using discussion,

debate, dialogue, etc.

Problem solving
Lecturer and
peer groups
discuss what to In the case of a demonstration
observe, what (hands-on experiment, labwork,
will berdlevant [ etc), students NN and MM make
and what will their observations.
beirrevelant. ﬂ

Students carify their
understanding, possibly construct
new understanding, compare new
and previous understandinng.

ﬂ

v

Students give explanations for
their conceivable misconceptions
and present questions.

At the end of each session the
lecturer makes sure, that all
students have adopted a new
understanding that is compatible
with the scientific one.

Figure 3. Pattern for the phases of processing a demonstration or problem by using the PDEODE-worksheet.
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predictions individually about this reaction and give
explanations in order to support their predictions.
Students are then asked to work in pairs (or small
groups). They try to achieve a mutual result by dis-
cussing and pondering together. After this stage, itis
often beneficial for the lecturer to take part in the
discussion. Also, before demonstrating, itisof crucial
importance that students get a clear picture of what
and how to make observations. The lecturer should
guide studentsto make observationsthat arerelevant.
This does not mean that students should be told what
they are about to see, what will happen and why it
happens. They should be | eft with the joy of explora-
tion and making deductions.

After having recorded their observations during a
demonstration, students are asked to reconcile their
predictions with their actual observations. They can
be able to replace their possible ineffective concep-
tions with new ones. In this method, it is important
that students analyse, compare, contrast and criticise
the different viewswhen discussing in groupsor pairs.
At theend, all discrepancies between observation and
prediction should be confronted [19]. This approach
helpsin creating alearning environment that supports
theinformation-processing model.

DISCUSSION

Asmany writershave already stressed, the mastering of
concepts and a conceptual understanding of phenom-
ena and processes are the essential foundation for
problem-solving skills[1-4]. The mastery of concepts
should be so thorough that students are not only
capable of solving problemsin the physical sciences
and specific engineering subjects, but that they are
aso able to transfer knowledge and skills to other
subjects and disciplines and, later, to the demanding
tasks of their future engineering profession.

The case studies on textile and material sengineer-
ing mentioned above revealed that having concerns
and aiding students to acquire and update the neces-
sary prior knowledge was worthwhile and resulted in
better learning results [27]. Because subjects in the
physical sciencesand engineering are of acumulative
nature, lecturers need to make careful analysis of the
subject matter and reflect on the key concepts that
students need to master in order to follow the current
lecture course. Curricula should be planned so as to
be gpiral in structure so that the special features of
science and engineering subjects can be taken into
account.

Itisimportant that aclearly qualitative approachis
included in teaching physical sciences and engineer-
ing subjects. Entry-level courses, in particular, arethose

where attention should be paid to aqualitative approach
and conceptual understanding. It is natural for
studentsto have difficultiesin understanding concepts
when abstract topics are taught and therefore impor-
tant that lecturers present and discuss concepts and
phenomenaqualitatively before presenting the quanti-
tative approach. Both instruction and assessment
should ultimately be based on conceptual understanding
if conceptual problems are to acquire the status they
deserve. Conceptual problems may seem trivial and
give the impression that the content of a course is
ramped down, but acloser ook revealstheir difficulty
and their importance. Student knowledge is often
assessed in terms of three categories of questions:
recall, algorithmic and higher order [39]. Conceptual
questionsfall in the category of higher order.

Oneway to apply aqualitative approach to teach-
ing physical sciences and engineering subjects is to
use visualisation, for example, with the help of
demonstrations and PDEODE-worksheets. Their
integrated use should be carefully planned so that both
cognitiveinternalisation and cognitive externalisation
areincluded [22][40-42]. Here, cognitiveinternalisation
is the process of formation of cognitive structures
through human perception, representation and concep-
tion, and cognitive externalisation, which is the
process of the human utilisation of cognitive structures
in order to solve problems[42]. Equally important are
laboratories: aseamlessintegration of laboratoriesand
lectureswill aid in achieving cognitiveinternalisation
and externalisation. The PDEODE-worksheet can a so
be combined with laboratories.

Many subjectsincluded in engineering education,
such as chemistry, physics and material sciences,
involve abstract concepts. The presentation of these
subjects requires representations at the macroscopic,
microscopic and symbolic levels. [23] Understanding
is difficult because students do not necessarily see
the connections between these representations.
Observations are made at a macroscopic level, expla-
nations and theories are presented at an atomic or
molecular level, and written presentationsincludethe
symboliclevel using symbols, formulae and equations.
All theselevelsshould beincluded, for example, when
working with demonstrations and laboratories. They
should be processed and integrated thoroughly. The
PDEODE-worksheet has turned out to be an efficient
assistant in thisregard. Peer working and cooperative
strategies should be adopted in order to help students
see the connections between these three levelsand to
discuss meaning. This will improve their conceptual
understanding and problem solving skills[43].

If too much material is presented over a short
period of time, the short-term memory may become
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overloaded and learning and understanding may be
inhibited. When ideas are presented that do not match
existing mental structures, students should be ableto
deal with them or else they burden their short-term
memory without being ableto processit into thelong-
term memory. It should be noted that the presented
material can set off complementary chains of thought
in the learner that they are thereafter unable to proc-
ess sufficiently for new models to be constructed in
the long-term memory [22][44]. It is important that
the teaching methods and arrangements are such that
they support the learning process so that students are
able to carry out the transfer from the short-term
memory to the long-term memory. The authors claim
that visualisation in the form of, for example, demon-
strations or hands-on experiments compiled with a
PDEODE approach, peer working and cooperation,
will enhance the learning process.

Learning isimproved by revealing students’' prior
knowledge and helping them to be as up-to-date as
possible when attending lectures [27][28]. Concept
tests, pre-lecture and lecture tasks and encouraging
students to actively participate in dialogue and
discussion help studentsto have an active grip on the
subject matter throughout the course. Discovering
students’ misconceptions and addressing them are
essentia if conceptual change and true understanding
are to be achieved. There are several different
strategies by which conceptual change can be
attempted. The lecturer makes the choice.

Studies in engineering and science teaching have
shown that peer interaction and cooperative learning
can lead to statistically significant improvement in
academic achievements [1][27][28]. Active learning
activities have been successfully incorporated in many
programmes in order to maintain a high level of
commitment and excellence and to increase the
number of students who persist with the sciences,
mathematics and engineering programmes [43][45].
Indeed, the authors' studies on textile and materials
engineering programmes have shown that female
students have found peer interaction and cooperative
learning suitable for their learning styles but also that
male students have found these applied approaches
to be beneficial [27][28].

Studies into the differences between male and
female learning styles have shown that both benefit
from learning teams and group work. Cooperative
learning is often easier for females to master in the
early stages of its use; they learn while attending to a
code of social interaction better than males. Stressful
situations can be avoided through good cooperation.
A good learning environment and atmosphere is
important for both female and male students;

however, stressful situations have been shown to
influence male students more strongly and towards
an unsatisfactory direction [30].

The pattern for the phases of processing ademon-
stration or problemiswell in agreement with Krgjcik’s
model of socia constructivism, which summarisesthe
constructing and restructuring of knowledge and
understanding by students[3][46]. This process starts
with students considering their current understanding.
Knowledge of students’ preconceptions and possible
misconceptions helpsthelecturer to find questionsand
problems by which students are able to create dissat-
isfaction with their current views, thereby allowing the
introduction of ideasthat lead to conflicting situations.
Thisleadsto amodification of students' current views
and, finally, to conceptual change and conceptual
understanding. This processisin accordance with that
described by Posner et al [47]. After a level of
dissatisfaction, students should have at hand a new
conception that isintelligible, plausible and potentially
fruitful.

We all know that changes in education happen
slowly, but reading Confucius' thoughts from 2,500
years ago, we just wonder ...

Tell me and | will forget.
Show me and | will remember.
Involve me and | will understand.
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