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Preface: Chemistry and Chemistry Education

Both chemistry and the teaching of chemistry have changed over time. Chemistry
as a separate science did not start until the late eighteenth century with the work of
Proust and Lavoisier. In the nineteenth century, the art of separation of compounds
and elements was one of the major accomplishemnts of chemistry. It is one of the
reasons Chemistry is still called ‘Scheikunde’ (science of separation). With the start
of organic synthesis, another more molecular part of chemistry evolved. In the late
nineteenth century and early twentieth century, the atomic structure was discovered,
which led to the discovery of a whole new range of elements. In the second half of the
twentieth century, biochemistry started evolving. By now, we have a major insight into
the molecular background of all aspects of life.

The teaching of chemistry as a separate subject in secondary schools did not start
until the second half of the 19th century, about the same time as chemical research
groups began to start up in most countries.

These developments have changed the nature of chemistry, but have also changed
the role chemistry plays in society. The attitude towards chemistry has changed over
the years. In the late nineteenth century, chemists were playing with life, building and
making molecules that also occurred in living things. For an interesting view of the dis-
cussion at the time, see Dorothy Sayers novel The documents in the case (Sayers, 1995).

It contains a very nice and accurate description of the vital experiment in the
book. In 2019, we will be celebrating the International Year of the Periodic Table.
Mendeleev proposed the periodic table in 1869 (Fechete, 2016). The periodic table is
by far the most characteristic element of chemistry for the general public. By now it
contains 118 elements and is considered full. IUPAC, the International Union for Pure
and Applied Chemistry, which celebrates its centennial in 2019, is the body that plays
a major role in deciding about the names of the elements.

Attitude towards chemistry

In the 1960s and 1970s, pollution became synonym of chemical plants and chemistry.
The attitude towards chemistry changed drastically. In later years, this led to a drastic
decrease in the number of students choosing science as a major. In a recent report,
Kennedy et al. (Kennedy, Lyons, & Quinn, 2014) showed a marked decrease in the
number of students enrolling in chemistry and physics in Australia. In Europe, this
trend started earlier (Rocard et al., 2007) and led to a discussion about the need to
change the nature of chemistry education (Osborne & Dillon, 2008). This discussion
continues till today. In some countries, this decrease is less marked, in others it is more.

In Figure P.1, an overview is given based on the ROSE (Relevance Of Science Edu-
cation) report (Sjgberg & Schreiner, 2010) about the way students from different coun-
tries appreciate chemistry education.

https://doi.org/10.1515/9783110569582-201
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Figure P.1: Overview of attitude towards science (Sjgberg & Schreiner, 2010)

One of the things that is interesting in the ROSE-report, which examined quite a few
things about interest in science, is the attitude towards the environment, which is
depicted in Figure P.2.

But other results are not very encouraging for chemistry education.

Relevance for education

The Rose report and other reports from the EU (Rocard et al., 2007) (Osborne & Dillon,
2008) have given rise to new developments in science education. In these new devel-
opments, one of the most important issue has been to demonstrate in a clearer way
the role science, and chemistry in particular, plays in society. Context-oriented chem-
istry education like CHIK (Nentwig, Demuth, Parchmann, Grésel, & Ralle, 2007) in
Germany or new chemistry in the Netherlands (Apotheker, 2004) was developed to
demonstrate between chemistry and society more clearly. One of the ideas behind
these experiments is that chemistry is the science that makes the connection between
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Figure P.2: Attitude towards the environment (Sjgberg & Schreiner, 2010)

macroscopical phenomena and properties at the molecular level. Chemistry in that
sense is a molecular science.

This change in education, and specifically the change in focus of education, from
teacher to student, has become more and more important in a number of countries.
Together with this development, other developments have taken place in the relation
between teacher and students. Students are expected to be more active in their own
educational activities. They get more responsibilities. The role of a teacher has shifted
from being the main source of information and being an authority to that of a coach
who is responsible for the learning process of students. This change of focus is impor-
tant for higher education as well.

Higher education

These developments also have an effect on higher education. The role and focus of
teachers need to change into an attitude that is focused on the learning process of the
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Figure P.3: Who wants to become a scientist (Sjgberg & Schreiner, 2010)

students. An important factor in the teaching is to keep students interested enough in
chemistry, so they don’t drop out after the first year. Their attitude towards chemistry is
as important as the science they are learning. The appreciation of the beauty and ele-
gance of chemical processes is something that needs to be passed on to students. When
students are able to glimpse some of that feeling, they will keep their interest in chemis-
try, even if they continue into engineering, medicine, dentistry or some related subject.

It gives teachers and lecturers in higher education an extra responsibility, keeping
up the population of (research) chemists.

This book

This book is meant to be used as a guide for the design of a course in higher educa-
tion. In this book, several aspects of setting up a course will be discussed, includ-
ing lectures assessment and other learning activities. Each chapter can also be read
separately. An introduction will be given about some of the research about learning.
This background will give a prospective teacher a better idea of how students learn
science, and chemistry, in particular.
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1 Pedagogy

1.1 Introduction

Learning is a process that is taking place continuously. From birth people learn to
adapt to their environment and learn how to act in a suitable manner. Learning in
school is a way of learning that has been researched since the late nineteenth century.
Maria Montessori (1912) indicates that she was inspired by the work of a French sci-
entist Itard, who studied the learning of the savage of Aveyron around 1810. She later
developed the “Montessori” method for teaching young children. Somewhat later
Petersen (Hooijmaaijers, 2000) developed in Jena another methodology for teaching,
as well as Freinet (French Embassy NY French, Cultural Services, 1971) in France, and
Parkhurst (van, 2014) in the United States. Montessori focuses on individual learning
of children. Petersen has his focus more on social learning, in which students work
together in groups and support each other’s learning. Freinet and Parkhurst give the
student a responsibility in their learning process, especially in the panning of the
learning goals. Freinet does that for the whole classroom, Parkurst does that more
individually. All of them have one thing in common in that they focus on the learning
process of children. They give the student a central role in his learning process. Even
though these methodologies were developed in the early twentieth century, they are
still practised in schools today, even though a lot has happened since then.

After the Second World War, research in the effectiveness was initiated, by Bloom
(Anderson & Krathwohl, 2001) for example. He formulated his taxonomy of learning
in order to be able to measure the effectiveness of teaching. He discerned three major
domains of development — the cognitive domain, the psycho-motoric domain and the
affective domain. For each of these domains, he formulated levels, from beginner to
expert. These definitions made it possible to measure the effectiveness of teaching,
by checking the increase of aptitude in each of the domains. These domains have
been expanded by Gardner (1993) into what he called multiple intelligences. These
are slightly different from the domains defined by Bloom, because they indicate areas
in which people can develop themselves. However, for teaching they have a similar
importance. It is important to use the domains and the so-called intelligences as
areas in which a student may gain expertise. The multiple intelligences identified by
Gardner are related to the domains of Bloom in Table 1.1.

These domains and intelligences can serve as a background to the design of
teaching activities. It should be clear that students differ in their aptitude to develop
themselves within these intelligences and domains.

Even though the intelligent quotient, which is derived from a standardized test,
is important in secondary education (Ziegler & Heller, 2000), it does not play a major
role in higher education, because students will have a fairly high IQ if they have been
able to get into higher education.

https://doi.org/10.1515/9783110569582-001
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2 =— 1 Pedagogy

Table 1.1: Gardner’s intelligences linked to Bloom’s domains.

Intelligences Short description Bloom’s domain
Visual-spatial: Thinking in 3D, awareness of environment Cognitive
Logical-mathematical: =~ Thinking conceptually, exploring patterns and Cognitive
relationships
Linguistic: Using words effectively in different circumstances Cognitive
Bodily kinesthetic: Ability to use tools and body effectively Psycho-motoric
Musical: Sensitive to rhythm and sound Psycho-motoric
Interpersonal: Ability to work in groups, interact with others Affective
Intrapersonal: Understanding the own learning process Affective
Naturalistic: Aware of the natural environment, ability to recognize  Affective

species easily

1.2 Piaget

After birth, everybody starts learning to interact with their environment. People
learn what to expect in their families, their house, their neighbourhood and so on, a
language for communication is developed, involving both aural language and body
language. People experience phenomena and try to find the explanation for what
they experience. According to Piaget (Figure 1.1) (Nurrenbern, 2001), four periods of

Figure 1.1: Jean Piaget in Ann Arbor.

EBSCChost - printed on 2/13/2023 1:12 AMvia . All use subject to https://ww.ebsco.conlterns-of -use



EBSCChost -

1.2 Piaget =— 3

intellectual development are taking place in an individual. These correspond more or
less with age. Important is that the stages are hierarchal in the sense that you have
to pass through the previous stage before getting to the next. On Internet (google and
YouTube) several examples of these stages may be found.

The first of these stages is the sensorimotor stage, which occurs in the first 2 years
of life. In this stage, the senses are developed, children learn that when they do some-
thing this may have an effect. They learn that an object is still there even if they don’t
see it.

In the pre-operational stage (between 2 and 7 years of age), children think that
when lemonade is poured in a high glass it is more than the same amount poured in
a wide glass. If you put coins in a row and enlarge the space between the coins (so
five coins with one inch space between them compared to five coins with two inches
between them), children think there are more coins. But they also learn to use words
and pictures to represent objects, and start learning to read and write.

In the concrete operational stage (age 7-11 years of age), children leave this
behind and are able to do calculations, follow algorithms and so on. In the last stage,
the period of formal operations, children are able to use abstract reasoning, such as:
“if this happens then that has occurred”. They can derive a general principle.

Children are normally able to study the laws of physics, as this mainly requires
the operational phase, even though phenomena are described in terms of formulas.
Using these formulas to predict what will happen in a certain situation is much more
difficult. Chemistry is a lot more difficult to grasp, as you have to imagine molecules
and atoms. They cannot be seen. The rules that govern their properties are arbitrary
and logical reasoning is needed to fully understand this. The formal operational
stage (12 years to adulthood) is needed to be able think abstractly, and reason about
hypothetical ideas and problems. They are now able to understand syllogisms, for
example.

It is possible to train students to progress from the concrete operational to the
formal operational stage by challenging them (Schwarz & Heimann, 2016). Asking
them to predict the outcome of experiments, for example, leads them to think and
extrapolate. An example is an experiment involving a can of regular coca cola and a
can of diet coke. The diet coke can is cooled in the refrigerator beforehand. In the first
experiment, the students are asked to predict whether or not the cans will float in
water. The experiment is then performed, by bringing the cans in water and observing
whether or not the cans float.

The students will note the regular coke sinks and the diet coke floats (Figure 1.2).
They are then asked to formulate an explanation. In the second experiment, the
cans are placed on their side on a slope. Students are asked to predict whether the
cans will roll down at the same speed (remember the diet coke is colder and has
a lower density). When the experiment is performed, they roll at the same speed.
Now one of the cans is shaken vigorously. Students are asked again whether this
will make a difference. When the experiment is performed, the shaken can moves
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Figure 1.2: Difference between diet coke and regular coke.

a lot slower than the other (see https://youtu.be/fjxwYdUJRhO). Again students are
asked to explain. The answer is that in the shaken can the resistance between the
liquid and the can has increased, because of the higher pressure in the shaken can.
This causes the liquid to start rotating as well. Part of the rotational energy is used
to set the liquid in motion. This does not happen in the non-shaken can. Walter
Lewin gives a brilliant show about the phenomenon on YouTube (https://youtu.be/
cB8GNQuyMPc).

This type of unexpected results calls for hypothetical thinking in students. It
helps them develop their thinking skills and makes the step to the formal operational
stage easier. Because the result is unexpected, it also triggers their imagination.

1.3 Vygotsky

Vygotsky (Figure 1.3) was a Russian psychologist from the beginning of the twentieth
century. He was by chance discovered in the 1970s by an American psychologist, who
bought his book at a stall in a book market (Vygotsky, 1978). Vygotsky is considered the
father of constructivism. This theory about learning indicates that each individual con-
structs his own knowledge, combining new knowledge with knowledge that he already
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Figure 1.3: Lev Vygotsky.

has. When a child develops itself, it forms explanations and ideas about the world around
it. In order to interact with the world, behavior and concepts are developed. These are
needed to deal with societal issues like traffic for example. A child learns to estimate
correctly whether or not it can cross the road safely. It derives ideas about science that
way as well. These ideas are applied when a child is confronted with a new situation. It
wants to understand and comprehend the things and phenomena it experiences.

Language plays an important role in internalizing knowledge. That is why discus-
sion with and among students is so important. Some concepts are not easy to under-
stand. The concept of molecules and atoms as building blocks of matter is an example.
The consequences and logic around such a concept needs to be discussed by students
and teachers in order to clarify any misunderstandings and misconceptions.

The idea that new knowledge is linked to existing knowledge is contrary to the
belief of the mind as a “tabula rasa” as coined by John Locke (Duschinsky, 2012) — the
mind as a blank piece of paper — on which new knowledge can be written. This idea
has persisted for a long time.

A nice illustration of the way prior knowledge or preconceptions play an impor-
tant role in the learning process is demonstrated by a children’s book. It is written and
drawn by Leo Lionni and titled Fish is Fish (Lionni, 1970) . In this book, the story is told
of a minnow and a tadpole that grow up together in a pond. After a while the tadpole
grows legs and becomes a frog. He decides to go onto the land and visit the dry world.
After a while he returns and has wonderful stories about things he has seen such as
birds, cows, walking people and so on. He is fairly accurate in his descriptions. Lionni
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draws the images the fish makes of what he has been told (see for example https://
youtu.be/N7jAo5aWhv0).

In his drawings, certain aspects of what the minnow has heard are connected to
the basic image of a fish. He draws a fish with horns, black and white spots, a pink
udder and so on.

This is exactly what happens when students learn new things they are connected
to the knowledge they already have. These preconceptions are extremely important as
they influence what students learn. When molecules and atoms are introduced there,
first idea will most likely be to think of these as something like marbles.

In the BBC-documentary Simple Minds (https://youtu.be/OuP1KH6rAJU), the
role of misconceptions is explained elegantly. In the documentary, graduates from
MIT are interviewed, giving them a piece of wood. They are then asked where the
mass from the wood came from. They have no clear idea. They think the mass comes
from the soil. When informed the main mass is coming from carbon dioxide they
are surprised, as that is a gas. Any idea of photosynthesis is missing. Some of these
misconceptions are very strongly rooted in individuals. In the documentary, the role
of teaching is discussed. It becomes clear that it is very difficult to get rid of some
misconceptions.

Another important aspect of Vygotsky’s theory is his definition of “the zone of
proximal development”. This is more or less defined as the zone in which new knowl-
edge can be internalized/ learned meaningfully. If you try to teach someone a subject,
which is too far away from this zone, learning will not occur. An example is learning
about Rutherford’s atomic model. If you have no idea what a proton, neutron or an
electron is, it is not possible to understand the idea of Rutherford’s model.

When teaching you help a child raise the level of proximal development, and the
boundaries shift upward. What is important is that a child needs help to grow within
his zone of proximal development. That can be done by a teacher, but a fellow student
may help as well. If you cannot solve a problem by yourself, perhaps together it is
possible to solve a problem. Letting students work together on problems helps them
to use grow in knowledge and skills.

The zone of proximal development is not static. It keeps on shifting, as students
gain more expertise. Determining what the upper boundary of the zone of proximal
development is is an important facet of teaching.

1.4 Other pedagogical theories

Of course, there are more educational theories that are used in pedagogy like cogni-
tive theory and behaviourism. Eric Scerri (2003) discusses the relationship between
several learning theories and education. One of his conclusions is that the definitions
and concepts of several —isms is different in pedagogy, then in philosophy and psy-
chology. It is beyond the scope of this book to go into these deeper.
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1.5 How people learn

In 2000, a book edited by Bransford and Cocking (2000) described in detail the
research about the way students learn. From knowledge about the learning process,
ideas can be derived how students should be taught.

Three key findings that are linked to the theories described above are cited here:

1. Students come to the classroom with preconceptions about how the world works. If their
initial understanding is not engaged, they may fail to grasp the new concepts and informa-
tion that are taught, or they may learn them for purposes of a test but revert to their precon-
ceptions outside the classroom.

2. To develop competence in an area of inquiry, students must:

(a) have a deep foundation of factual knowledge,
(b) understand facts and ideas in the context of a conceptual framework, and
(c) organize knowledge in ways that facilitate retrieval and application.

3. A “metacognitive” approach to instruction can help students learn to take control of their

own learning by defining learning goals and monitoring their progress in achieving them.

These findings of course have an enormous impact on the way work in the classroom
or lecture hall should be organized. One of the key ideas to be derived from the book
is the central position the learning process in the student takes in the teaching and
learning process. It is a major shift in the attitude and focus of teachers. Not only
the science content is leading in the teaching process, but guiding and coaching the
students in their learning becomes the central theme. Teaching as a one-way process
from teacher to student is changing into an active cooperation between students and
teacher, and of a cooperation between students.

Since the book appeared, a lot of publications about activities in which these key
findings play a central role have been reported. A phenomenon like the flipped class-
room (Reid, 2016), for example, which is a hot topic in recent years is directly related
to the first finding reported.

1.6 Cognitive theory in educational psychology

Learning takes place in your brain. On the molecular level, the working of memory
is still not understood. It is clear that learning is an individual process. So it is diffi-
cult to find information about learning. Still on the macroscopical level a number of
things may be observed. In educational psychology many of these processed are being
researched. Both Piaget and Vygotsky are examples of people working in that research.

Cognitive theory in educational psychology looks at the way knowledge is devel-
oped in the individual mind (Swiderski, 2011).

The first step in learning is the processing of information. Before you can learn
anything, you first have to obtain and process information. In general, information is
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gathered through your senses. You hear or read words, or you see phenomena. These
will be taken up by your brain and then processed so that you may remember them.
In your brain information is stored in a particular and individual way. When learning
you may retrieve knowledge you already have to link that to the new information.

The design of the teaching and learning process can be helped by some knowl-
edge about the way information is processed by people. Several people have done
extensive research in this field. One of the models that is useful is the learning model
of Baddeley (Johnstone, 1997).

In Figure 1.4, this model is described in a schematic way. The background of the
model is as follows. Information is introduced through senses. Apart from ears and
eyes, touch, nose and position may also play a role. This information is then passed
through a filter, and subsequently introduced into the working memory. This filter is
monitored by the long-term memory in a number of ways.

E storage

working memory I long-term memory
. . limited size linked to
information{»| senses [»| . .

prepare for storage retrieval prior knowledge

-
compare

filter

feedback for perception filter

Figure 1.4: The learning model of Baddeley, as described by Johnstone (1997).

From the working memory, it may be passed on to the long-term memory, where it
will be connected to knowledge that is already there. The filter is related to what you
already know and expect to see. You have a certain bias when you observe. On Inter-
net there exists a tape about a basketball game in which a monkey moves between
the players (https://youtu.be/nJyWIghprxI, for example). You don’t see that until your
attention is specifically directed to it. In science, this happens as well. Scientists have
a certain bias when observing things. If you ask a chemist to examine a coin, he will
note it is made up of brass and some sort of nickel alloy. A physicist will comment
on the shape, density and such like properties. A sociologist may look at the value
and the use of a coin. The filter you use to observe is influenced by your permanent
memory.

The size of the working memory varies between persons from four to six places.
The connection with previous knowledge and the perception filter has been described
by de Groot (1946) in his dissertation. He let people look at a chessboard containing
chess pieces for 30 seconds or so. He then removed the chess board and asked them to
reproduce the board. Nobody was able to replace more than six pieces correctly. When
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he asked master chess players to do the same, they were able to reproduce almost
the whole board. They remembered the board in a different way. For them it was, for
example, Nimzo-Indian opening move 10. This only takes one place in the working
memory. When the logic was taken out the board, by using several queens and kings
for example, these masters also reverted to a maximum of six places.

What is important to note is that this makes it easier to remember and retrieve
facts. A simple mnemonic like: “Happy Henry Lives Beside Boron Cottage, Near Our
Friend Nelly Nancy MgAllen. Silly Patrick Stays Close. Arthur Kisses Carrie” for the
first 20 elements in the periodic table is easier to remember than 20 different names
that have no meaning to you. And thus, have no link to earlier knowledge.

It also explains some of the difficulties in learning a new concept. If there is no
relation with things learned before, a completely new knowledge base needs to be
built up. Once this process has started building up, knowledge becomes easier. The
number of places occupied in the working memory becomes smaller, and more infor-
mation may be processed.

In chemistry, for example, the concept of the equilibrium quotient takes several
places in the working memory. You need to know several things. You need to be aware
of what concentrations are, in order to understand concentration you need to under-
stand the concept of the mole as well as volume. In terms of reactions, you need to
be aware that reactions can go both ways, depending on the conditions. Once the
concept of equilibrium quotient is internalized, it only takes up one space in the
working memory, making it possible to tackle more involved problems. This process
has been called chunking of knowledge.

The relationship with learning immediately becomes clear. You cannot introduce
too many new concepts at the same time. These concepts need to be internalized first.
In an article Johnstone (1997) discusses the results of a data collection by the Scottish
examination board about questions they had prepared about the mole. In Figure 1.5,
the graph of the results is given. What is interesting to see is that there is a sharp
decrease in the percentage of correct answers over a certain level of complexity. This
indicates the limits of the number of concepts students can handle at the same time.

The way you process information differs from person to person. Before informa-
tion is stored for about 30 seconds in your working memory, the information needs to
be processed by your senses. Here again differences occur. Some people prefer visual
information, others prefer auditory information, and a third group prefers kinesthetic
or touch/ tactile sense information. This preference can easily be determined in speech
patterns from people. Something like: “I can see it clearly” now indicates a visual
preference, while “I keep telling myself I can do it”, would be auditory. “I feel tense
about this problem” would be kinesthetic. If you listen to people talk, or when you
read something they have written, a pattern emerges. Most people have a primary and
a secondary preference. It makes the way information is provided to them important.

Consider for example the following. When you walk to the cellar to get
something, you can’t remember what it was. When you walk back to the kitchen and
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Figure 1.5: Results of students answering questions about the mole, adapted from Johnstone (1997).

arrive there you remember again what it was. In that case, memory was linked to the
place you were. An anecdotal example happened in 9th grade, when a teacher in
physics recalled some theory about velocity. Students denied any knowledge, while
he was sure they were familiarized with the subject in 8th grade. So he talked to the
teacher from that year and asked her about it. She confirmed students should know
about this. When confronted with this, students still denied any knowledge. Finally,
last year’s teacher decided to confront the class. When she entered the classroom,
the students went something like:” Oh did you mean that?’ Their knowledge was
clearly linked to the teacher and could not be retrieved in another manner. Clearly
this type of tactile or positional information can also be stored and linked to other
knowledge.

Robert Mayer (2009) has used Baddeleys Model and found there are basically two
parallel working memories, one for words and one for pictures.

What Mayer’s model indicates is that you have two types of working memory. One
is focused on symbols and images, the other is more focused on verbal information.
His conclusions are that in order to optimize information processing, the information
in both memories should be aligned. His model is depicted in Figure 1.6.

Aligning the information has become more and more important with the devel-
opment of PowerPoint, and the use of PowerPoint slides. It is the main reason why
reading a PowerPoint slide aloud does not work (if you want to see more problems in
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storage
words (> ears [H» sounds verbal long-term memory
: information |~ - linked to
: integration .
Y prior knowledge
pictures |~ eyes [ images pictorial retrieval
: information

fiiter feedback for perception filter

Figure 1.6: Learning model according to Mayer (2009), adapted from publication.

using PowerPoint, see https://youtu.be/IwpilLmé6dFo). People read quicker than you

can talk. The result is that your information is scrambled for your audience. But also

in books and papers visual and verbal information needs to be linked. Papers with

a massive number of graphs for example become unclear when the text is no longer

clearly aligned with the illustrations. Graphs with too many variables become unclear

because of the same reasons.

When storing information into the long-term memory, it will be linked to existing
knowledge. When this new knowledge has a good fit, knowledge is extended, chunk-
ing may occur. The more knowledge you have, the easier it becomes to extend this
knowledge.

Sometimes the fit of new information to existing knowledge is less well, it may
even be a misfit. Misconceptions occur. For the learning process, it is extremely impor-
tant that these misconceptions are diagnosed and remedied as soon as possible.

In some cases, no prior knowledge can be found to link to. In that case, the
storage and learning process of this type of learning takes a lot of energy and time.
Examples are the learning of the names and abbreviations of the elements. Often
retention is difficult and knowledge can be lost very easily, especially if this new
knowledge is not used soon after learning. As indicated earlier, mnemonics can help
learning these.

— In teaching, several activities may help in fitting new knowledge to existing
knowledge.

— Activating existing knowledge is one of the first. Finding out which prior knowl-
edge exists about a concept will demonstrate possible prior misconceptions. It
will also show gaps in knowledge that need to be remedied first.

- Chunking knowledge, grouping concepts into a larger whole, is also one of the
objectives of teaching, making it possible to extend knowledge further.

— Elaborating existing knowledge, starting from the knowledge that exists, and
adding more detail or other aspects to that specific knowledge also help.

— Making schemas demonstrating the relationships between concepts is also a way
of improving and increasing knowledge.
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1.7 Deep-level versus rote-level learning

As argued in the previous section, meaningful learning occurs when new knowledge
can be linked effectively to pre-existing knowledge. Rote learning occurs when no
relevant concepts can be found in existing knowledge. The result is an arbitrary ver-
batim incorporation of this new knowledge. This has led to a model developed by
Ausubel (Novak, 1978), about the difference between meaningful, deep-level learning
and rote surface-level learning.

In an article written by Novak (1978), one of Ausubel’s co-workers, this distinc-
tion between rote learning and deep-level learning is linked to forms of teaching and
thus can be used in the design of education. Figure 1.7 is adapted from the article to
demonstrate this relationship.

Meaningful Learning | clarification of well-designed scientific research
relationships audio tutorial
between concepts instruction

lectures and laboratory work routine research or
most textbooks intellectual production
multiplication applying formulas  trial and error
tables to solve problems  solutions

Rote Learning
reception guided discovery  autonomous discovery
learning learning learning

Figure 1.7: Relationship between teaching methods and rote and meaningful learning (Novak, 1978).

These forms of teaching are directly related to the cognitive theory discussed in the
previous section.

1.8 Basic principles for teaching

Teaching and learning is changing, in that the focus of teaching is shifting from the
teacher towards the student. The learning of the student has become much more the
focus of attention. This has led people to formulate basic principles for teaching.
Johnstone, for example, a researcher in organic chemistry in Glasgow, has formulated
a number of principles (Johnstone, 2010) for teaching and learning. Vosniadou is a
member of the international bureau of education and has written a set of activities,
based on educational theory (Vosniadou, 2010). These principles are summarized in
Table 1.2. They are all related to the activities given in Section 1.6.
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Table 1.2: Basic principles for (science) teaching by Vosniadou and Johnstone.

Johnstone Vosniadou

Active involvement of the students
Cooperative work, social participation
Context-oriented meaningful work

What you learn is controlled by what you already Relating new information to existing knowledge

know and understand

There should be opportunity given to teach (you Effective and flexible strategies

don’t really learn till you teach).

How you learn is controlled by how you have Self-regulation and reflection

learned successfully in the past

There should be room to create, defend, try out,

and hypothesize

If learning is to be meaningful, it has to link on Restructuring prior knowledge

to existing knowledge and skills enriching and

extending both.

Students should consolidate their learning by Understanding rather than memorization
asking themselves about what is going on in their

own heads.

There should be room for problem solving in its Transfer knowledge to new situations
fullest sense to exercise and strengthen linkages.

The amount of material to be processed in unit Time for practice

time is limited.

Cognizance should be taken of learning styles and  Account for individual differences
motivation.

Feedback and reassurance are necessary for Create motivated learners
comfortable learning, and assessment should

be humane.

These basic principles and activities will actually help your students to learn easier
and better.

1.9 Motivation of students

There are many motives for students to take a course. In some cases, courses are man-
datory and part of a curriculum. In other cases, courses are elective. In both cases, it
is important that you motivate students to learn and achieve the learning objectives
you have set.

There are several theories about motivation (Dykstra, 2018) that play a role in
higher education. Research has been done on what defines inspirational teaching
(Derounian, 2017). However, there is no clear recipe to give for designing an inspira-
tional course.

There are certain factors to take into account though.
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Intrinsic motivation is one key issue. This may be influenced by several factors.
One of these is the background of the students in your institution. Students in
Oxford are different from students attending a technical university like the Uni-
versity of Delft, where engineering is a main focal point. This gives rise to different
intrinsic motivations of students. If your course is mandatory, like a general chem-
istry course for engineering students, or medical and dental students, intrinsic
motivation will differ.

Another key factor is self-efficacy. This is the idea that students feel confident
enough that they are able to follow the course and are able to achieve the learning
goals. In terms of Vygotsky, the content of the course should be within their zone of
proximal development.

The level of your students depends partly on entry requirements of your
institution.

Extrinsic motivation is where you come in as a lecturer. You can motivate your
students in a number of ways. Being passionate about the content you teach about,
encouraging students who are having difficulty learning, being entertaining in your
lectures are some of the factors that are mentioned (Derounian, 2017). Other factors
are, involving students in the lecture by cooperative learning (Bowen & Phelps, 1997)
and peer review, demonstrating why students have to learn certain content, by relat-
ing the content to your own research. The last means shows students why they need
to know things for further studies. Especially in mandatory courses this helps moti-
vating your students.

In a “general chemistry” course for science students (no chemistry majors) is an
important issue. If you can demonstrate why it is important for a medical or dental
student that he is aware of pH and buffer capacities, they will be more motivated to
learn that. In the course content, you might consider teaching a general chemistry
course for medical and dental students, and a different one for engineers. The chem-
ical concepts that are important to them overlap to some extent, but quite a few are
completely different.

One final issue is giving the students structure. Demonstrating clearly what is
expected from them. It is vital to be clear about assessment. Especially freshman in
their first year have problems adapting from secondary education to higher educa-
tion. Being explicit about what they are supposed to themselves, and also monitoring
what they are doing, giving regular feedback help in their motivation.

1.10 Design of education

The above is only a short introduction into pedagogy and learning theory. There is a
lot more information available. There is too much literature about the theory of learn-
ing to be able to point you to a specific book.
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As indicated above, knowledge about learning should influence the way you
design your education.

There are many learning theories around that can be used when you decide to
teach something to a class. What is important is that you choose an appropriate teach-
ing method fitting to the subject you wish to teach, sing the tools that go with the
chosen methodology, which can be lecture-based teaching, skills-based teaching,
inquiry-based teaching, individual or group teaching.
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When you start your career in the academic world, you will be asked to teach courses.
On your appointment at a university, you will be allotted research time and teach-
ing time. Normally as a PhD student you will have given lectures as part of a course,
you will have assisted during a laboratory course, or worked as a lecturer in seminars
or tutorials. Some universities will have courses for this type of teaching assistance.

Being responsible for a whole course is a different matter. The number of stu-
dents you will be responsible for is an important factor. Graduate courses often have
between 10 and 30 students, while introductory courses at the undergraduate level
may involve more than 1,000 students. It is obvious that the second one takes a lot
more organization than the first. Normally you will be eased into education, first as a
partner in a course and in a later stage as the coordinator.

When working on a course, the time spent on a course is always a discussion
between you as lecturer and the university administration. In general, the time allot-
ted for teaching is tight. You will need at least 140-160 hours for a normal course.
This is time allotted for the whole process connected with a course: from designing,
teaching, assessing to evaluating a course. In Table 2.1., an indication of needed times
for activities is indicated. When you start teaching, you will need more time for the
whole process. The better organized a course is, the less time it takes you to lecture
and coach your students.

A course is generally designed using a plan—do—check-act schedule, see Figure 2.1.

An important factor is the half-life time of a course. In general, a course can be
given three to five times without a major revision. Conditions change in that time.
Pre-requisite courses may have changed, secondary education has a tendency to
change every 5-10 years. The knowledge and skills of incoming students will have
changed; sometimes dramatically. On the other hand, courses that use your course
as a pre-requisite may have changed their requirements. A thorough evaluation of a
course will help you when you start setting up a curse for the second or third time.

2.1 Student study time

A major boundary is the organization within the university. Some universities have a
semester system, others use quarters. Some universities, especially in Europe, have
a system in which courses are taught consecutively. Each course will get allotted 3
weeks, in which the students are only working on that course. Others will have three
or four courses running parallel in a semester or quarter.

The normal size of a course will be about 140 hours of student study time, which
usually is 5 credits in most European systems. This is called the European Credit Trans-
fer System, in which each credit is 28 hours. Students take 60 credits per year. This
leads to a total number of 1,680 hours of student study time in an academic year of 41

https://doi.org/10.1515/9783110569582-002
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Table 2.1: Indication of time needed for designing and teaching a course.

Activities Indication of time needed Activities

Design 40 hours Scheduling, making study guide etc.

Lecturing 40 hours 2 hours lecturing + 2 hours preparation

Tutorials 40 hours 2 hours tutorial + 2 hours preparation
Assessment design 8 hours Designing assessment, peer review, marking scheme
Assessment marking 30 hours About 20 minutes per student

Evaluation 8 hours Design questionnaire, evaluating answers,

writing improvement plan

Figure 2.1: PDCA-schedule.

weeks. In the United States, a credit system is often used in which a credit is linked
to contact time. One credit corresponds to one 50-minute lecture and should involve
about 2 hours of study time. Over a semester of 15/16 weeks, 1 credit amounts to about
40-45 hours. The normal size of a course is 3 credits, which is 120-135 hours. The
number of courses is determined by the students. Some students take more courses in
a semester if they can, others take less.

In Europe, you will need 180 ECTS to obtain a bachelor degree. In the United
States, this will be between 120 and 180, depending on the credit system used.

Lecture time will differ depending on the system used. A regular course will have
at least 10 two-hour lectures and 10 two-hour tutorials. For a lab period, you normally
need at least 3 hours. The remainder of the time allotted to a course is study time for
the students. The way students use this study time can be directed by giving them
assignments and homework (Figure 2.2).
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Figure 2.2: Student doing homework.

2.2 Design

When you start thinking about the design of a course, there are quite a few criteria
that should be taken into account:

The level at which the course is taught:

o level of incoming students

o required teaching goals for other courses
The credits connected with the course:

o the time available for teaching

o time available for learning

Available facilities:

o available lecture rooms

o available laboratories

o available Internet facilities

o number of Teaching Assistants that may be involved
Number of students

All these criteria need to be taken into account when designing a course.

2.2.1 Model used for the design

For the design of a course, several models may be used. In this book, the so-called
model of educational reconstruction (Duit, Gropengief3er, Kattmann, Komorek, &
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Parchmann, 2012) is used. It was developed at the IPN in Kiel combining quite a bit of
background research on education.

The backbone of the structure is that after the science content for a course is
determined, the subject matter is clarified and its educational significance is deter-
mined, this is related to research on teaching and learning. It is combined with the
perspective of the learner and the teacher’s view and conceptions.

These three factors combine into the design and evaluation of teaching and learn-
ing environments, in which these main ideas are combined. In Figure 2.3, the relation-
ship between the three ideas is depicted. The first step in the process is determining
and formulating the science content, and formulating the content in desired learning
outcomes. These learning outcomes play a central part in the actual design of the
course. The link between science content and educational research has been called
Pedagogical Content Knowledge (Loughran, Mulhall, & Berry, 2004)

design of teaching and
learning activities in a

course

science content, related to | +—— research on teaching
educational significance - > and learning

Figure 2.3: Model of educational reconstruction.

The model makes clear that not only the science content is important in determining
the content and design of a course. Knowledge and ideas about the learning process
is just as important. It is also clear that evidence-based education design is key to suc-
cessful education activities (Cooper, 2014). Discipline-based educational research is
the base for successful courses. This type of educational research is slowly emerging
and provides background for the design of courses. In Chapter 1, basic theories that
lie at the base of this type of research have been discussed. In databases like ERIC and
EBSCO, articles can be found about a wide range of course subjects.

When starting the planning of a course, four questions are important in the
design.

As far as the scientific content is concerned, the first question should be:

Why does a student have to learn this?

What exactly is it that he has to learn?
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Then the question is, What is the best way to learn this scientific content?
Finally, which instructional methods are to be used in order to let the student
learn the content.

This means that the science content has to be analysed first. The main ideas of the
science content need to be formulated. Then a decision can be taken on the main
ideas of the content to be instructed.

2.2.2 Science content

So the first step in the design of a course is choosing the science concepts you want
the students to learn about. You will be either in a position in which you take over
a course from someone else, or you will be the first to teach a particular course.
In the last decade or so, new undergraduate courses about green chemistry, for
example, have started up. In graduate schools, introductory courses in your own
field of research are very often set up. In that case, you will be completely free to
decide the content of the course. Courses you take over in undergraduate often
have some history of topics to be learned by the students. Especially those that play
arole in other majors, like a general chemistry course, will have some requirements
as far as science content is concerned. It is important however that you decide
yourself what the scientific concepts in the course will be. In a number of cases,
these courses will be based on textbooks that have been around for quite a while.
When you take over a course, it is important to orient yourself of other textbooks
and find one that will fit with your ideas about the teaching and learning of the
subject matter.

2.2.3 Place in the curriculum

You will need to determine what the place of your course is within the curriculum of
your institution, and how it contributes to the learning goals of the whole curricu-
lum. What kind of knowledge and skills can you expect your students to have when
they enter the course? This is something you will need to check at the beginning of
a course. You will be surprised at the way students will reproduce the knowledge
you expect them to have. It is important to formulate which prerequisite courses the
students should have taken before they can take your course, especially if you have
students attending from different study majors.

What kind of knowledge and skills are students expected to have when they leave
your course? You should be able to explain why it is important that students take your
course. For your colleagues, it is equally important that they are aware of the learning
outcomes of your course.
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2.2.4 Deciding about the science content

The first step in the process of design is to formulate the learning goals in terms stu-
dents and others can understand.

The position of the desired learning outcomes has been formulated by Biggs
(1996).

His main idea is called constructive alignment, and is described in Figure 2.4.

learning outcomes

N\

learning activities assessment/examination

Figure 2.4: Constructive alignment according to Biggs (1996).

From the science content, the desired learning outcomes are formulated, which are
then linked to learning activities. With this last term, the actual activities like lectures,
seminars, tutorials, labs are meant. Finally, the assessment is linked to both the learn-
ing goals and the learning activities.

Normally you will start by formulating a fairly general goal for a course. In the
case of green chemistry for example, ‘learning about basic principles of green chem-
istry, applied to concrete examples’ would be a generally formulated learning goal.

This general goal will need to be extrapolated into more concrete concepts. Again,
using the same example of green chemistry, concepts like:

— The twelve principles of green chemistry
— Atom economy

— E-factor

— Sustainability

- Life cycle analysis

— Reaction media

— Catalysis

will be chosen.

For each of these elements of broader scientific concepts, you should ask yourself
a number of questions:
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— Why is it important that students learn about this concept?
— What do students need to learn about this concept?
—  Which aspects of this concept need not be learned at this time?

These questions are based on research by Loughran et al. (2006).
They help in determining precisely what you expect students to learn about a
specific concept in terms students and your colleagues can understand.

2.3 Formulating learning goals

You have to be very specific about what students should be able to do with the con-
cepts you have chosen. You may want the students to be able to reproduce a definition
or a concept for example or you want them to be able to calculate something.

It is very important that you do not set the goals too high or too low, otherwise stu-
dents will not be able to work on the goals (Locke & Latham, 2002). In terms of Vygotsky
(1978), the goals should be within the ‘zone of proximal development’ of the students.

You will have to formulate your learning objectives in an active form which is often
called SMART:

S: Specific, meaning it should relate to one concept

M: Measurable, should be possible to assess whether or not objective has been

reached

A: Attainable, should be possible to attain

R: Relevant, should be relevant for the course

T: Timely, should be able to achieve in the given time

An example of a SMART formulated learning goal could be:
— Students should be familiar with the 12 principles.

An example of SMART formulated one could be:
— Students should be able to reproduce at least four of the twelve principles of
Green Chemistry.

The first one is not measurable. The second one is.

When formulating the learning goals, you can also indicate the level of knowl-
edge students should attain. Several people like Bloom (Anderson & Krathwohl, 2001)
and Krathwohl (Anderson & Krathwol, 2001) have formulated levels of knowledge.

A fairly simple distinction in levels of knowledge that is easily applied is the fol-
lowing:

— Reproduction
- Apply in a known situation
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— Apply in an unknown situation
— Integrate with other knowledge

Some examples for Green Chemistry:

— Students should be able to calculate the E-factor for a given reaction

— Students should be able to select an appropriate catalyst for a given reaction

— Students should be able to evaluate a given process in terms of environmental
impact.

To make this distinction you can use different types of verbs describing what students
are expected to be able to do. An example is given in Table 2.2.

Table 2.2: Verbs related to levels of knowledge.

Level of knowledge Associated verbs

Reproduction List, identify, summarize

Apply in known situation Classify, calculate, select, evaluate
Apply in unknown situation Calculate, determine, assemble, check
integrate Design, reflect, create

2.4 Planning the course

When you start planning the course you need to combine what you know about the
learning and teaching process with that of the learning goals you have formulated.
You will need to design a coherent set of educational activities that will let students
achieve the learning goals you have set them. Normally at other universities similar
courses as the one you will be coordinating will have been developed. It is often very
helpful to look at these courses. With the development of the web, it has become a lot
easier to share this type of information.

Planning the course involves more than just planning contact time. It involves
setting up a study guide as well. This can be an online guide or paper guide. It also
involves planning the assessment and marking.

2.4.1 Learning activities

After you have formulated your learning objectives, you can start linking your objec-
tives to learning activities. There are a number of standard learning and teaching
tools available:

— Lectures

—  Tutorials
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—  Group work

— Homework or individual study
- Labwork

— Computer work

—  Other activities

It is up to you to decide how you can help your students to attain your learning objec-

tives. Very often lectures are used to give some structure to the course. The other

activities are basically tools to help learn and incorporate new knowledge and skills.

Especially problem-solving skills need adequate practice in exercises and problems.
In order to determine how a specific learning goal can be achieved is by asking

yourself the following questions:

- What are difficulties/limitations connected to teaching this goal?

—  What do you know about students thinking concerning this goal?

— What other factors have an influence on your teaching of this idea?

The difficulties and limitations are not always cognitive. They may also involve the
number of students you are dealing with. The facilities you have at your disposal can
also be a limiting factor. The type of lecture hall available is one of them. But for
example, the computer software available to you and your students is important. If
you want more than standard programming like Excel or similar, but you want more
advanced statistical software or something like ‘Chemdraw’ (Morsch & Lewis, 2015) or
‘Hyperchem’ (Fountain & McGuire, 1994), you will need to apply for that software to
become available for your students. Another factor is the number of Teaching Assis-
tants that will be assigned to you when teaching this course. What lab facilities are
available is also an important question.

If you look at Table 2.1, it becomes clear that there is a relation between the
number of students and some of the activities. For lectures the size of the lecture
theatre is the limit. For tutorials, the optimum number is about 24. In a regular lab-
room you can have 8-12 students at the same time. You will also need at least one TA
for such a group.

An easy way to relate goals to activities is to construct a table. In Table 2.3, an
example is given for part of a green chemistry course.

In Chapter 3, the learning activities are discussed more fully.

2.4.2 Time schedule

Next step is to make a time schedule in which you assign times, rooms and personnel
to activities. Normally you will have to discuss things with the facilities department
of your faculty. Here again things depend on the type of schedule your university is
working with. You either have 3 weeks full time or 12-15 weeks part time, in which
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Table 2.3: Relation between learning goals and learning activities.

Learning Time Learning goal 1 Learning goal2 Learning goal 3 Learning goal 4
activities involved
Short 12 principles ~ Atom economy  E-factor Sustainability
description of green
of goal chemistry
Lectures 2x45 Introduction Introduction and Discussion of
(total 8-10) minutes  and discussion demonstration principle, UN
aboutimpact  of effect sustainable
development goals
Tutorial 60 minutes Exercises and problems
(exercises
and problems)
Literature Prepare presentation
assignment About one of the UN
goals
Lab work 2 sessions Compare two ways of synthesis of adipic acid
of 180
minutes in
the lab
normally the last two are devoted to study time and exams. In the second case, the stu-

dents will have two other courses at the same time. This means you have a maximum

of14h
In

ours of student time per week, including self-study time.
Tables 2.4 and 2.5, examples are given for a possible green chemistry course.

Table 2.4: Incomplete example of a schedule for a 3-week course.

Week Monday Tuesday Wednesday Thursday Friday
1 am Lecture 1, room, Practicall, room,TA Lecture 2,room, Practical2, Lecture 3,
lecturer lecturer room, TA room, lecturer
pm Tutorial 1, rooms, Lab reports and Tutorial 2, rooms, Self-workon  Self-study
TAs prepare for practical 2 TA presentation
2 am Lecture4 Lecture 5 Lecture 6
pm
3 am Lecture? Lecture 8 Prepare for Prepare for
exam exam
pm Prepare for Exam
exam
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Table 2.5: Incomplete example for a 12-week course (only contact time is scheduled).

Week  Monday Tuesday = Wednesday Thursday Friday
1 Lecture, room, Tutorial, rooms, TAs Practical 1, room TAs
lecturer
2 Lecture, room , Tutorial, rooms, TAs
lecturer
3 Lecture, room, Tutorial, rooms, TAs Practical 2, rooms, TAs
lecturer
4 Lecture, room, Tutorial, rooms, TAs
lecturer
5 Lecture, room, Tutorial, rooms, TAs
lecturer
6 Lecture, room, Tutorial, rooms, TAs
lecturer
7 Lecture, room, Tutorial, rooms, TAs
lecturer
8 Lecture, room, Tutorial, rooms, TA’s
lecturer
9 Lecture, room, Tutorial, rooms, TA’s
lecturer
10 Lecture, room, Tutorial, rooms, TA’s
lecturer
11 No classes
12 Exam

There is little research indicating whether consecutive courses yield better study
results than the parallel set courses. Both have their obvious advantages and disad-
vantages.

2.5 Supporting and monitoring the learning process

While the course is progressing, you will need to monitor the students. You need to
get some idea about the extent in which they have learned things. You need to plan
these into the program. When things don’t go exactly as you plan them, you need to
be able to improvise.

In Chapters 3 and 4, several activities are described that you can use to monitor
the students. Small tests before and after a lecture, interactions during the lecture,
homework handed in, lab reports are all indications of the progress of students.
Letting the students give presentations helps both the student giving the presenta-
tion and the listeners. In the green chemistry example above, presenting one of the
UN sustainable development goals (Way, 2015) and relating the goal to a specific set
of criteria would be a useful exercise.
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Reviewing an article of course is also one of the tools that could be used to
assess the students’ understanding. In general, activities in which the students
interact with the content of the course are usable. Training them toward what is
expected of them, and also helping them along the way, is the main idea. As this
is very often an individual process, you need to be able to give specific feedback to
each student about his progress. Some form of online interaction is a requirement
to optimize this exchange. Videos taped on a mobile phone can be very helpful to
judge the skills of students. A tape of a short pitch, or some lab skill, can help iden-
tify weaknesses as well as strengths. With the communication channels that are
available at the moment, this is very easy to do. YouTube offers this possibility, for
example.

2.6 Literature used in the course

Normally you will be using background literature for your course. For most under-
graduate courses textbooks are available. Choosing a textbook may be difficult as
there may be many textbooks available in certain subjects. The most important crite-
rion for a textbook is that it fits with your own style of teaching. You can also consult
colleagues about the use of textbooks. Publishers will give you online access to their
textbooks, but will also send you a hard copy if you wish.

If the textbook matches your teaching style, and reinforces the student behav-
iour you wish to stress, it will reinforce your own teaching. In general chemistry, for
example, you may find contexts important as well as the link between the macro-
scopic scale and the atomic/molecular scale. In problem solving you may wish that a
systematic problem-solving approach is used. In that case, the book written by Silber-
berg and Amateis (2015) is the obvious choice.

For most graduate courses, you will need to compose a reader, containing review
articles or research articles as background material. At that level, it is the normal
source of information although sometimes textbooks are available. You can of course
decide to write your own text.

2.7 Communicating with the students

In the past, this was done through a printed syllabus. Nowadays the internet is used
as a means of communication. Software tools like Blackboard, Moodle and (see
figures 2.5, 2.6 and 2.7) are platforms specifically designed for educational purposes
(Lopez, Saenz, Leonardo, & Gurtubay, 2016).

Normally your university will have one of them available.

If you are not familiar with the offered software, it is advisable to take a course
(Tofan, 2009) Most IT-departments will offer a course on the software used. It’s
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Figure 2.6: Screenshot of the author’s opening page of blackboard.

EBSCChost - printed on 2/13/2023 1:12 AMvia . All use subject to https://ww.ebsco.conlterns-of -use



30 —— 2 Designinga course

thoodle — _—
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Figure 2.7: Screenshot of the starting page of Moodle.

important to understand all the extras this software offers. You can have your stu-
dents take an online test for example. They can hand in homework, they can discuss
their presentation and get peer feedback from their fellow students, or from their
assigned tutor or you.

These learning platforms have evolved enormously over the past 10 or 15 years
or so. It changed from a fairly simple instrument to communicate the schedules and
goals of a course into an instrument that makes communicating with your students
a lot simpler.

In these electronic learning platform, you can provide all necessary course infor-
mation, including things like:

— Learning goals

—  Course schedules with teachers and rooms

—  Copies of all slides

— Literature needed for the course

— All assignments, including exercises and problems
— All lab-related files

— Lis of participating students

—  Assessment schedules

— Contact information for all teaching staff
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- Videos of the lectures (Vasquez-Abad, 1999)
— Assessment procedure

This is also the information you will need to give in a study guide, should you wish to
publish a study guide. Actually a lot of lecturers include the study guide as a pdf file
in the E-Learning platform.

By now, there are many other tools for education available online. Google has a
large set of relevant tools, but there are many more apps and software available.

2.8 Assessing your students

You will need to plan the assessment of your students. Students will need some
type of grade when they finish the course. In Chapter 4, assessment methods will be
discussed in more detail. In the planning phase, you will need to allocate time for
assessment during the course. In the student guide or course syllabus, you need to
explain exactly what is expected from the students and how they will be assessed.
In the green chemistry example, there was a final exam, in which all learning goals
were tested, but there was also a lab design as well as a report. Finally, there was a
presentation. How these three yield a final score ((score on lab report)*0.2+(score on
presentation)*0.1+(score on final test)*0.7 = final score) needs to be made public. You
will also need to plan how students will be able to check the way you have graded
the different products. For that you will need to have a grading template or marking
scheme. Normally, a session is organized in which the final test is discussed, together
with the grading model. As grading is open for individual interpretations (Bloxham,
den-Outer, Hudson, & Price, 2016), students should be able to discuss the grading of
their work.

2.9 Improving the course

Before you start teaching your designed course, you will need to set up a system
of evaluation. You will need to find out whether or not your students reached your
learning objectives. The assessment you have integrated in the course is just part
of the evaluation. You will need to interact with the students either directly face-to-
face or through questionnaires how they experience the learning activities you have
designed. Based on their and your own experiences, you can adapt the course.

In order to keep track of your own experiences as well as those of the Teaching
Assistants, you will need to take evaluation notes at the end of each activity you have
executed.

When you take over a course, the evaluations of previous years give you impor-
tant information about areas in which improvements of a given course are welcomed.
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2.10 Ethics in education

Within the university there will be some sort of academic code of conduct. This type
of code of conduct mainly deals with scientific integrity and also with subjects like
data collection, use of references and so on. In education, extra guidelines are in
force, especially dealing with the relationship between teacher and student. In this
relationship in which the lecturer is more powerful than the student, extreme care
must be taken that no unethical use is made of this relationship. There are other con-
siderations. Assessments must be based on impartial considerations. Individual bias
should not play a role in assessment.

It is very important that in the planning of your course procedures are very clear.
They must be the same for everybody. Care should be taken that any form of bias is
excluded as much as possible.

It is extremely important that the assessment of students is well documented.
That is why a marking scheme used for scoring a written assignment is important.
These should be saved for a period of time, in case they need to be produced in some
procedure.

Students should have the opportunity to check and question the assessment
of their work. In a written exam, this is fairly easy. When scoring a presentation, or
when a student takes an oral examination, this is more difficult. You will need a set
of criteria on which you base your score of the student. It is best to have some type
of form that can be used to determine the students’ score. This scoring form needs
to be discussed with the student as soon as possible, after the presentation. Often
it is best to have an observer present during an oral exam or presentation. A wise
precaution is to tape the session, so the presentation or oral exam can be reviewed
by others.

The procedure to be used in case there remains a conflict between the lecturer
and an individual student should be made clear in the study information provided
for the course. Most universities will have some sort of exam committee to which
the student can appeal in case he feels he has been treated unfairly. In such cases,
the exam committee will need all documentation about the assessment that is avail-
able. In most cases, a hearing in which both lecturer and student are present will
be held. The focus of the exam committee will be to reach a solution for the con-
flict between student and lecturer. In case that cannot be reached, they will issue a
binding verdict.

In chemistry, discussions are going on about the use of chemical knowledge,
like the ‘The Hague ethical guidelines’ (OPCW, 2015). In this type of guidelines, the
way chemical knowledge is used is the subject of discussion. The responsibility of
anybody having chemical knowledge in using that knowledge in an ethical way is
an important issue. It is something to be discussed in education. Students acquiring
chemical knowledge should be aware that chemical knowledge can also be used to
produce substances that are harmful to people, like chemical weapons and drugs.
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At some time during their education, students need to realize they have knowledge
that not only can potentially be very positive for society but can also be harmful. By
confronting the students with these ideas, they can think about their own position in
issues like this.

EBSCChost - printed on 2/13/2023 1:12 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost - printed on 2/13/2023 1:12 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

3 Lecturing in a chemistry course

3.1 Introduction

When you design a lecture to be given as part of a course, you will need to pay attention to
both the actual lecture itself and the activities you expect students to do before and after
the lecture. You can expect students to prepare for a lecture. Just asking them to read
a chapter before they come into the lecture is too vague. You need to be more specific.
This also goes for activities after the lecture. This can be homework, making problems or
exercises, or extra reading. It may also be in preparation for a tutorial session.

These aspects will be discussed in separate sections in this chapter.

3.2 Lectures

Lectures are often seen as the most important part of the educational process in a
course. They are seen to form the backbone of the whole course. Traditionally they
have been used as the main form of instruction. At present their character has
changed quite a bit. Instead of a monologue they are now much more interactive with
students. Instead of listening and sitting back passively, students now have to be a lot
more active. Where in the past you might read a newspaper in a lecture hall, but that
time has changed now. However, mobile phones still distract students (see Figure 3.1).

The role lectures actually play in the learning process is perhaps not as large as
other learning activities in the course. Students have to play an active role in their own
learning process. In tutorials and in the lab, this is easier to achieve than in a lecture.

Lectures normally have two main functions. They are the place for interaction
between you as a lecturer and the students. For one you can provide information about
the course and the structure between the activities, as well as guide the students. It is
also a place to introduce and discuss new concepts and relations to the students and
show how they play a role in science.

A lecture is normally part of a series of lectures you plan to use to introduce the
science content of a course. In that sense, it is leading for the other activities you plan
during the course. The lectures give you an opportunity to interact with students on
a regular basis.

3.2.1 Interactivity

The scope of a lecture has evolved over time. Even in groups larger than the regular
120 or so, going up to the maximum size of a lecture room of maybe 300, interactivity
is now a keyword. There are several ways in which you can interact with larger groups.

https://doi.org/10.1515/9783110569582-003
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Figure 3.1: Students in lecture.

Most of these activities are based on the principles of cooperative learning. Johnson
and Johnson (1999), Slavin (1995), Kagan (1990) and others (Aronson & Patnoe, 1996)
have developed cooperative learning activities that induce students to work together
actively on problems and exercises, improving their knowledge and guiding their
learning process. All these activities in the lecture theatre are meant to activate the stu-
dents. In cooperative learning, one of the main features is that students work together
during their learning process. This stimulates them and generally induces them to
form a deeper knowledge of the subject studied. In cooperative learning, which was
developed in the 1980s and 1990s, these activities were introduced without technology.

Mazur (1997) has introduced the idea of peer instruction, in which multiple choice
questions play a major role.

One of the goals of Mazur in his methodology is that he wanted students to discuss
among each other. So he posed a multiple choice question in which he wanted to check
whether one or more concepts were understood. An example is given in Figure 3.2.

Mazur first allows students think in silence for may be half a minute and then makes
an inventory of the answers, by hand raising. He writes the inventory on the blackboard
and asks the students to explain to their neighbours why they chose their answer. After
about a minute of discussion he makes another inventory. He may now ask some students
to indicate why they chose for A, B, C or D. He then briefly discusses the correct answer B.
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Question

e Solution Ais a solution of HCI, solution B is a
solution of HAc. Both have a pH = 3.0, and a volume
of 1L. Both are diluted to 2 L. What do you know
about the pH of both solutions?

e A: The pH of A< the pH of B
e B: The pH of A>the pH of B
e C: The pH of A=the pH of B

e D: You need more data Figure 3.2: Example of a peer review

question.

Mazur’s main concern was the way students learned in his class room. He found
students had little or no understanding of concepts. They learned the procedure for
solving problems, but did not really understand what they were doing. The design
described above forced students to think more actively, deepening their knowledge.

Similar activities are possible. If for example you have just discussed the struc-
ture of amino acids in the first part of a lecture, students come back from the break.
You could then, at the start-up of the second part of the lecture, ask them an open-
ended question. You could ask them to name three characteristics of amino acids. You
could let them work in groups of three or four, ask them to write down the answer and
hand them in to you.

Especially Kagan (1990) has developed many different activities, all based on
interaction between students.

Figure 3.3: Interaction between students during a lecture (source: Flickr).
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Some of these are focused on secondary education, and others can be used in higher
education. Allowing students work on short problems, having them present solutions
as groups, either directly in class, or on paper, works well. One specific way of check-
ing whether your lecture was successful is to ask the students to write down three or
four main points of your lecture at the end, if you take these and check to see what
they have learned.

About 15 years back or so, clickers were introduced. With the introduction of smart
phones and tablets, other means of interaction are feasible (Aslan & Seker, 2017).
This makes activities described earlier a lot more easier. Software and apps have been
created that will give you an opportunity to interact directly with your audience. Apps
such as socrative, kahoot and nearpod are available online.

There are quite a few more if you google on the Internet. “Nearpod” has several
options, which make it easy to use. It has certain features that the others do not have
(Mattei & Ennis, 2014).

Welcome J.H.!

w

We've personalized your homepage just for you!

Here's your latest news:

_ Eza-1z'1 !

Net Neutrality

k1ot Collaborate! for
Student-Paced
mode

Teachers can now deliver
Collaborate! boards in
Student-paced Lessors.

Discuss how Net Neutrality impacts
our lives and the world around us

Empower students to form their own opinions with this NEW
‘guided inquiry lesson.

o m
T ot AL

s
e

Figure 3.4: The author’s start-up page of nearpod (screenshot made by the author).

Once a PowerPoint or PDF is prepared, it can be uploaded to the website of nearpod.
On the website, you can insert slides that contain questions, which can be answered by
yes/no or true/false, or you can have multiple choice questions. A special feature is the
possibility of open-ended questions where the students get a limited number of char-
acters to answet. It is even possible to have the students draw the answer if you like.
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In the presentation, it is also easy to introduce an MP4 formatted video of up to
three minutes. Or a particular website can be shared.

In the lecture hall, a tablet or laptop is used as the controlling device for the
presentation. Even a smartphone can be used. When you open up the presentation, a
four-letter pin code is generated, which should be displayed to the students. Logging
in on your presentation with the presenting computer coupled to the LCD projector in
the lecture hall will automatically show the four-letter code to the students. Students
can either log in through the website nearpod.com, or through a free downloadable
app. When a student logs in he/she is asked to identify him/herself. You can have a
prepared list ready, or they can choose their own name.

That way you know exactly who is in the lecture hall. You do not have to be in the
lecture hall to join the presentation, though. Anybody with the code can join the lecture.

The students will get a view of the slideshow you have entered.

On the device used to open the presentation the number of students that have
entered is displayed.

When a poll or question is entered on the slideshow the students see the question
and possible answers and can submit their response. On the controlling device, an
overview is given of the answers, which can be shared with the group logged in to the
presentation.

Students only see a full screen of your slideshow. It takes a specific effort to leave
the full screen mode and start doing something else. Having the slides on their own
device also gives them an opportunity to zoom in on a specific part of the slide.

There is no real limit in the number of users. You or the institution has to have a
contract with nearpod if you want larger groups. The app is free for groups up to 30.
At the University of Groningen it was used with groups up to 300.

After you close the session, nearpod sends you an e-mail with an overview of all
responses to questions, including activities of the students.

One of the best features of nearpod is that the questions are embedded in the slide-
show. Some of the other apps are difficult to link with PowerPoint or keynote. This
means you have to leave your presentation go to a website in order to perform a poll.

All of this is of course also feasible using no technology, using coloured cards for
voting and so on, but these online apps make this type of interactivity a lot easier to
implement.

These apps make it possible to have direct feedback on the learning process of a
large group of students. You receive almost instant feedback on the way your lecture
is going. It gives you the opportunity to adjust the lecture accordingly.

3.2.2 Design of a lecture

When designing a lecture, Table 3.1 is a good guideline to start the design of the
lecture. Especially when you use a textbook it is important to identify the five or six
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Table 3.1: Guideline for design of a lecture.

Main ideas ldea 1 Idea 2 Idea 3 Idea 4 Idea 5

What do | want the students to
know about this idea/concept
What is it they do not need to
know about this concept
Which concepts do they need
to know beforehand

Learning goal

main ideas/concepts you wish to discuss during the lecture. Six main ideas are about

the maximum of new concepts you can introduce to students. It will help you clarify

in your mind which points you wish to make during the actual lecture. It is an ana-
logue of what you did when designing the course.

In Table 3.2, a worked example is given of a specific biochemistry lecture, intro-
ducing enzymes.

This table fairly defines closely what you wish the students to learn at this time.

At a later stage, during a tutorial they will need to work on problems using these new

concepts.

In Table 3.3 you will be able to plan a bit more precise what you wish to do.
When you present a concept certain steps should be thought of:

—  You need to activate pre-existing knowledge in the context you wish to discuss
the new concept.

— Knowledge is not recorded in the long-term memory as a list of facts. There is a
branched structure in which knowledge is embedded. Elaboration, linking the
new concept to different types of knowledge, makes it easier to retrieve.

—  Retrieval of knowledge is linked to a context. That means the new concept should
be introduced within the context, or situations it will be needed and used.

— Creating a situation in which it can be made clear why a student needs to learn
this new knowledge helps in their motivation.

The average attention span during a lecture is not more than 10 min. You need to
consider that. Having a question or something that activates the students at that
time relating to what you introduced in the first 10 min will give you an idea how
far your ideas came across. It also makes them ready for the next step. Using this
type of schedule, you can cover three main concepts in 45 min. That schedule is
tight though. With two main concepts, it will be a lot easier to find enough time
for a thorough introduction as well as interaction with students. After the break,
the attention span of students will be shorter. You need to take that into account.
Boredom will easily set in as Mann demonstrated (Mann & Robinson, 2009). Even
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Table 3.3: Concrete example of a timetable for a lecture.

Time Content Student activity Teacher activity Media
0-10 Idea 1 Listening Presenting Slides 1-7
10-15 Multiple choice Answering and  Analysing answers Slide 8+ answers/
question discussion question
15-25 Idea 2 Listening/ Presenting/leading  Slides 9-11+
interactive discussion blackboard and chalk
25-40 Question and Interactive Leading discussion  Slides 12-15 with
discussion questions/problems
40-45 Wrap up of first part Presenting Slide 16
45-60 Break
60-65 Questions Leading discussion
65-75 Idea 3 Listening/ Presenting/leading  Slides 17-20+
interactive discussion blackboard and chalk
75-80 Multiple choice Answering and  Analysing answers Slide 21+ answers/
question discussion question
80-90 Idea 4 Listening/ Presenting/leading  Slide 22+ short video
interactive discussion
90-100 Idea 5 Listening/ Presenting/leading  Slides 22-26
interactive discussion
100-105 Open question Answering and  Analysing answers Slide 27+ answers/
discussion question
105 Wrap up and Listening Presenting Slide 28

announcing tutorials
lab, etc. + homework

though he related this partly to the use of PowerPoint without giving handouts to
the students, other factors will contribute to boredom. Boredom is easily detected
by the diminishing attention during lecture and a lower attendance during the next
lectures.

3.3 Pre-lecture activities by students
3.3.1 Flipped classroom

The so-called flipped classroom (McNally et al., 2017) is a technique in which pre-
lecture activities are organized, so students can be exposed to content prior to the
lecture. One of the main reasons for doing this is to focus in class on higher learn-
ing activities. Often a small test or quiz is part of the preparation. The effectiveness
of these activities is debated. For a number of reasons pre-lecture activities are
important. If you have students with a different background pre-lecture activities will
help bring the students to the same starting level.
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The idea behind row 3 in Table 3.1 and row 4 in Table 3.2 is to identify which
knowledge and skills students should have before coming to the class. In Table 3.2,
the biochemistry course will have a prerequisite of a course in general chemistry.
Referring your students to the relevant chapter in the textbook used there as well as
some problems they should be able to solve will help the students, especially when
they come from a different background, as in the case of Table 3.2 (biologists and
chemists).

Organizing these activities can be challenging. Very often a quiz is administered
through the E-learning environment. This is easy to do. It is possible to organize it in
such a way that it is registered whether or not a student has taken the test.

If for example you want to discuss Rutherford’s and Bohr’s atomic model, students
should be familiar with Dalton’s atomic model as well as the concepts of protons, neu-
trons and electrons. They should also be familiar with the concept of potential energy.
To determine the way students understand these concepts, simple tests can be admin-
istered, with questions like:

What is the charge of an electron:

a. +1
b. -1
c. 0O

When a student fails this test, he or she should be given an assignment in which he or
she can familiarize himself with these concepts. Another possibility is to have them
attend a pre-lecture tutorial, in which these concepts are discussed.

When students go through such a procedure preparing for a lecture, you can be
sure all students have the same starting level when they enter the lecture.

Another reason for the flipped classroom is the possibility to discuss more
in-depth concepts. In a graduate course, you may require your students to read one
or two articles before they come into the lecture. You can then discuss the articles in
detail with them going into intricacies that would otherwise not be possible.

One of the problems is that students will try to get away with not preparing for
a lecture. If you give students that opportunity that will most certainly happen.
That means you will have to actively use the work the students have done, or check
that they have prepared themselves as you wished them to do. If you let them
get away with not preparing the motivation to prepare for the lecture will drop
immediately.

Especially in courses for third or fourth year students or graduate courses this is
the case. Very often there is no textbook for such a course. There is plenty of relevant
literature of a course. Normally you will want your students to read articles before
they come into the lecture. If they haven’t done so they need to understand that they
can’t follow the lecture. Next time they will definitely prepare better. Again, here a
small pre-lecture test about the articles will make sure that students have picked up
the relevant details.
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3.3.2 Mathematical abilities

Mathematical skills seem to be a problem in undergraduate chemistry courses. The
2017 fall confchem (https://confchem.ccce.divched.org/2017FallConfChem) has
been focused on mathematics in Undergraduate Chemistry Instruction. This confer-
ence is an online conference, in which papers are presented, followed by an online
discussion. The theme in the fall conference of 2017 was on mathematical skills in
chemistry education. Most of the papers reported problems and were dealing with
ways to improve mathematical skills of undergraduate students.

The main problem is that the teaching of chemistry is hampered by the lack of
mathematical skills.

Students have to have a certain level of knowledge of mathematics before
they come into the lecture. If they are not familiar with certain mathematical der-
ivations you want to use in your lecture, students will not be able to follow the
lecture. In physical chemistry, for example, you need to be familiar with imaginary
numbers. But familiarity with integrals and derivatives is also a must. If you want
to use Taylor polynomials in your chemistry lecture it is wise to have your students
familiarize themselves with that theory. It is a good idea to refer your students to
the relevant chapter in the calculus book your mathematics colleague is using for
his calculus course. By providing the students with a mathematical problem they
should be able to solve before coming to the lecture, you give them an idea of the
level of knowledge they need. The implication is that courses like calculus should
be taken prior to taking more advanced courses in chemistry. As an alternative you
could provide tutorials in mathematics for those students who do not have the nec-
essary skills.

3.4 Post-lecture activities

The lecture normally is used to introduce new concepts. These concepts are used to
demonstrate how phenomena observed during research can be interpreted and can be
predicted. Or in a more basic setting, what the scientific background is of distillation for
example. Students need to exercise using the new concepts and have to learn to solve
problems using these new concepts. They should be able to apply the new concepts
in contexts they will encounter in their later work. Homework is an obvious choice.
Indicating the exercises and problems they have to do can be done either through a study
guide or online through the E-learning environment. The E-learning environment has
the advantage that students can hand in their work on line. This will enable you to give
feedback.

Other organized activities include tutorials, computer labs, labs and so on. These
will be discussed below.
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3.4.1 Tutorial

3.4.1.1 Introduction

There are differences between a seminar and a tutorial. In the Merriam-Webster dic-
tionary, a seminar is defined as a meeting between a professor and a small group of
students often at the master level, discussing research at a high level. This section is
not about such meetings. This section deals more with a tutorial, even though that is
defined as a meeting with single students.

The function of this type of meeting is to help guide the learning process of stu-
dents at a more individual level. Group size can vary, but is normally between 15 and 25.
It shouldn’t be smaller and it shouldn’t be much larger. You can use this type of meeting
in courses where the total number of participants is significantly larger than 30.

Figure 3.5: Students working in a tutorial (source: Pixabay).

3.4.1.2 Goal of a tutorial

The goal of this type of meeting is to

— Help students internalize the science content discussed in the lecture

— Train students’ problem-solving abilities

— Illustrate how the science content discussed in the lecture is used in research

— Introduce students to the type of questions they need to be able to answer to pass
the course

— Get an idea how well the students understood the content of the lecture
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This can be done by

— Guiding and coaching students working problems related to the science content
discussed in the lecture

— TIllustrating and exemplifying the science content of the lecture, clear any misun-
derstandings that students may have

The small scale of the group is needed to be able to cater to students’ individual prob-
lems and questions.

3.4.1.3 Teaching Assistants

Teaching assistants (TAs) cost money. As a lecturer, you will need to check with the
faculty board how many, if any, TAs you may involve in the course. As a lecturer, you
should at least lead one tutorial yourself.

Depending on the group size attending the course, and of course the arrange-
ments with the faculty, you either do the tutorials yourself or you involve TAs. You
should not be coaching more than two tutorials. It is vital that you discuss the role TAs
play in the tutorial. Very often they have had little educational training. Sometimes
your institution will provide training for TAs (Gallardo-Williams & Petrovich, 2017).
They need to know how to work with the group, but most importantly they need to
be aware what you want them to achieve with the group of students. They need to
get some pedagogical background about learning. They need to be made aware of
optimal ways to help students learn. During a tutorial, they need to lead the group,
give an introduction, explain what is expected of the students, present the agenda,
coach the groups of students or individual students while working on the problems,
lead the plenary discussion about the way the set problems can be solved and finally
wrap up a session. Without training and experience this is not easy.

After the tutorial, TAs need to be able to report back to you about the progress of
the students in the group they have worked with. It will give you the opportunity to
gauge the level of your students and will give you information on things you may need
to spend some extra time on during the next lecture.

One of the ways, you can get information about the tutorials, is by having a
meeting with the TAs between the lecture and the tutorial. As the TAs are expected
to be present at your lecture you can get direct feedback on your performance from
them as well.

3.4.1.4 Agenda of a tutorial meeting
Together with the TAs you can set the agenda for the tutorial session. This involves
both the work students should do before the tutorial and what they should do after-
wards. A typical agenda of a tutorial meeting is given in Table 3.4.

The tutorial is not meant to make exercises used to familiarize the students
with a formula for example. That is something they need to do before the tutorial.
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Time (min)

TA activity

Student activity

Goal

Pre-tutorial

Making exercises

To become familiar with the
type of problems to be solved

0-10 Introduction, answers Pose questions
questions interactively about lecture and
exercises
10-12 Introduction problem 1 Listen Make sure students know
what is expected
12-35 Coaching of groups Work in groups on Train problem-solving abilities
problem 1
35-45 Discusses interactively Interact with TA Assess level of students
problem-solving strategy
for problem 1
45-60 Break Break
60-62 Introduction problem 2 Listen Make sure students know
what is expected
62-85 Coaches groups Work on problem 2 Train problem-solving abilities
85-90 Discusses interactively Interact with TA Assess level of students
problem-solving strategy
for problem
90-92 Introduction problem 3 Listen Make sure students know
what is expected
92-110 Coach groups Work on problem 3 Train problem-solving abilities
110-115 Discusses interactively Interact with TA Assess level of students
problem-solving strategy
for problem
115 Wrap up of tutorial Hand in worked

After lecture

Mark worked solutions

solutions
Receive feedback on
worked solutions

Assess level of students

Tutorials are meant for the type of problems students need to be able to solve in a final
examination. More importantly, they have to become aware of how they can use this
type of skill and knowledge in future research.

During the lecture, preceding the tutorial, you will have introduced several
concepts you want the students to work with. Most likely they will need to use these
concepts to solve a problem or to get more insight in a process they want to study.
In the case of distillation mentioned earlier, that could be the calculation of the plate
height. Setting them a problem the students need to solve will give them a better
grasp of the concepts discussed in the lecture.

You need to choose the exercises as well as the problems together with the TAs.
Make sure they understand what you want to achieve by giving the students a par-
ticular problem. Try to give them authentic problems. Authentic problems are real
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problems encountered in real-life situation. They may be simplified, so the students
are able to solve them. During their research, where they will use the knowledge the
students are acquiring, problems are often open ended. It will not be certain that a
solution is correct. Problem solving is part of a larger process. This should become
clear to students as well.

The level of the problems is an important issue. If they are too easy students will
no longer be motivated to come to the tutorials. If they are too difficult they will get
frustrated.

Students will not immediately be able to design a problem-solving strategy.
They need to be trained to do so. A simple straightforward strategy that can be used
to work any kind of problem is called the Systematic Problem-Solving Approach
(Gok, 2015):

— Itinvolves as a first step an analysis of the given variables, the relevant concepts
and relationships, and the desired answers

— From this inventory, a strategy is designed to find the answer, using the given
variables and the relevant theory. To construct the strategy, diagrams are often
helpful to indicate relationships.

— Once the strategy is set, the answer is calculated or derived.

— Finally, a check is made to see if the answer is more or less logical.

If you want your students to adopt this approach you will need to demonstrate this
approach explicitly every time when worked solutions to the problems are handed out
or discussed with the students.

Finally, because students will normally work in a group when doing research,
you can choose to let them work alone or in groups. When using the Systematic
Problem-Solving Approach, it seems most logical to do the first two steps, as well as
the last step together. The third step using the chosen strategy to work the problem is
normally an individual process. Having students compare the results after they have
done the derivation and calculation separately will also give some sort of indication
about the accuracy of the solutions they have found.

3.4.1.5 Problems during the tutorial session
There are several possible issues that can occur during a tutorial. The first is attend-
ance. You may make attendance a requirement of the course, but still the number of
students attending the tutorial can drop. If that is the case with just one TA, he or she
has a problem that needs to be solved. If it is the case for all tutorials most likely the
students feel the tutorial has no added value. Either it is too easy or it is too difficult.
If that is the case the remedy is obvious as well.

You can also get mixed reactions. Some students think the level is too high, others
may find it too low. This is especially the case when the background of the students
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is different. Often courses are open for students from say engineering and science, or
for pharmacy and chemistry. This difference in background can lead to that type of
reactions. You can solve such a problem by grouping the students according to their
background. The requirements of the course will not change, but it is easier to pay
attention to specific problems students may have.

3.5 Use of laboratory
3.5.1 Introduction

Chemistry is a science in which lab work often plays a dominant role. Most sciences
actually involve a lot of practical work. It seems logical therefore to include practical
work in science education, especially in the undergraduate study.

Practical work can differ enormously. It may vary from synthesis and analysis of a
compound, to measurements and analysis of data. Students need to learn using instru-
ments for spectroscopy, Gas Chromatography Mass Spectroscopy (GCMS) to name a few.
In chemistry, they need to learn to use the available glassware and follow lab procedures.

Figure 3.6: Working in a chemistry lab (source: Flickr).
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3.5.2 Goals of practical work

For the use of practical work in education, several reasons can be formulated (Hofstein

& Lunetta, 1982):

1. To arouse and maintain interest, attitude, satisfaction, open-mindedness and
curiosity in science

2. To develop creative thinking and problem-solving ability

3. To promote aspects of scientific thinking and the scientific method (e.g. formulating
hypotheses and making assumptions)

4. To develop conceptual understanding and intellectual ability

5. To develop practical abilities (e.g. designing and executing investigations, obser-
vations, recording data, and analysing and interpreting results)

Practical work offers a rich environment for learning. It needs careful planning in
order to achieve these learning goals. Buck et al. (2008) have attempted to character-
ize practical work according to the goals it wants to achieve.

Table 3.5 lists an overview of the way inquiry in the undergraduate laboratory can
be characterized.

Table 3.5: Characterization of level of inquiry in undergraduate laboratory (adapted from Buck
et al. (2008).

Characteristic Level 0: Level ¥2: Level 1: Level 2: open Level 3:
confirmation  structured guided inquiry authentic
inquiry inquiry inquiry
Problem/question Provided Provided Provided Provided Not provided
Theory/background Provided Provided Provided Provided Not provided
Procedures/design  Provided Provided Provided Not provided  Not provided
Result analysis Provided Provided Not provided Not provided  Not provided
Conclusions Provided Not provided Not provided Not provided Not provided
More structure < » Less structure

Several levels have been introduced based on the activities that students are expected
to do.

These activities are based on the way research is conducted at university.
Ultimately one of the goals is to educate students in such a way that they can do inde-
pendent research within a group.

These activities can include the following:

— Students need to be able to formulate a research question or a problem they need
to solve

— Students need to be able to familiarize themselves with the theory and the back-
ground
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— Students need to be able to formulate a hypothesis or an expectancy of what they
will find

— Students need to be able to formulate a procedure or design of an experiment
they are to perform

-  Students need to be able to gather the data/perform the experiment

— Students need to be able to analyse the results of the data they have gathered

— Students need to be able to communicate the results

— Students need to be able to relate their results to existent literature

— Students need to be able to draw conclusions from the experiment

Depending on the activities students actually do in a lab session, a lab assignment
can be characterized as (see Table 3.5)

— confirmation;

— structured inquiry;

— guided inquiry;

- open inquiry; and

- authentic inquiry.

When laboratory experiments were analysed according to Table 3.5, out of 386 exper-
iments only 26 were considered “guided inquiry” and only 5 were “open inquiry”,
even though students at the end of their bachelor are expected to have mastered
level 3. Table 3.5 gives an opportunity to analyse a laboratory assignment (Buck
etal., 2008).

From these data, it can be concluded that in most undergraduate labs, students
only gather data, report on the data and draw the conclusion that the theory is correct
(level 0 and V2 from Table 3.5). Because students realize they are just repeating exper-
iments, they are not stimulated overmuch and often do not prepare well for a lab
period. They are not really aware of what they are doing and are not very interested.
They don’t see the learning effect of the lab, and therefore are not very motivated.
It is a chore to get through. Making a practical assignment more challenging is one of
the ways to achieve more student interest. Besides it prepares them better for future
lab periods, which is as important as making clear what you want your students to
achieve and learn in the laboratory assignment.

There are plenty of examples in which the design of a lab activity can be changed
to accommodate more goals. One example is a lab activity at the University of Chicago
(Keller & Kendall, 2017). In the honors class of an organic synthesis lab the procedures
were changed in such a way that the students were involved in a lot more activities
than they were in the regular class.

They were expected to (Keller & Kendall, 2017):

— Search for and obtain literature articles
— Evaluate the literature for relevance
— Prepare an experiment based on published results
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—  Work within a group to accomplish a common goal
— Present results in a professional manner

This included deciding themselves which spectroscopic method was needed to deter-
mine the result of steps in the synthesis and deciding whether their intermediate was
pure enough to continue with the next step.

It is not that difficult to adjust a lab exercise which contains more activity from
the students. Consider the following example:

Most general chemistry courses introduce simple titration labs. Very often the com-
plete procedures for this type of lab exercise are given. All the students have to do is to
follow the exact steps given. Changing this procedure slightly gives students a lot more
insight in the whole process. For titration, students need to familiarize themselves
with the use of the volumetric glassware. This can be done in a regular lab session of
maybe 3 hours, in which volumetric glassware is introduced. They need to practice at
least with a pipette, a burette and a volumetric flask, apart from regular glassware such
as beakers and Erlenmeyer flasks. They should also practice with a simple HCl/NaOH
titration, so they are also familiar with procedures and observing an endpoint.

Assuming that in the theoretical lectures they have learned about endpoint pH,
and calculations, you can then give them the assignment to bring vinegar into the
lab for the next session and to determine the acetic acid concentration in the vinegar.
They should write a work plan to do so themselves. After they have determined the
concentration, have the group compare their results. Indicate that the results should
not vary more than 1%. Then have the students discuss what could be improved in
their procedure. Have them redo the experiment the next time, ensuring this time that
results are within 1% of each other.

When you plan a lab session it is important to formulate the exact goals you wish
to achieve. As mentioned above these goals may involve:

— Development of practical abilities

— Arouse interest, attitude, satisfaction, open-mindedness and curiosity
— Develop conceptual understanding and intellectual ability

— Promote aspects of scientific thinking and the scientific methodology
— Stimulate creative thinking and problem-solving ability

Equally important is that the students are aware of the learning goals you wish to
achieve.

3.5.3 Actual planning of a practical activity

There are several bottlenecks for practical work:

— The number of laboratories
— The facilities like hoods, gas, electricity, air, vacuum in the rooms
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— The glassware that can be used

— The measuring instruments available

— Computers and Information and Commuication Technology (ICT) available
— The number of lab assistants you may use

- Safety procedures in the lab

If you plan a lab activity you are the ultimate person responsible for the safety of
the students and lab assistants working during the activity. That should be your first
concern,

One of the factors in safety is the number of students per lab assistant. Even
though this depends a bit on the type of activity of course, that should not be above
8to 10.

Instruction about lab safety is an important factor in safety in the laboratory.
Students should be very aware of safety measures. Not only self-protection measures
like goggles, gloves and lab coat that should be used, but especially procedures in
case of an emergency such as where to go, who should be notified and so on but also
specifically what not to do and leave to others. Safety instruction should include the
possibility that the TA responsible for the group is himself or herself incapacitated.
Special precautions in the lab, like the use of a hood, not eating and drinking in the
lab must be enforced. Special care must be taken for measures to prevent pollution of
the environment, when disposing of waste materials, including chemicals, solutions
and broken glassware.

You will need to prepare some sort of written instruction for the students.

3.5.4 Preparation

When planning the lab take into consideration what a student should do before
he/she comes into the laboratory. Planning lab work is something students should
learn. Part of planning should exist for familiarizing the students with the way the
lab works; for example, learning where to find materials, how to obtain a spectrum,
where to get the equipment to be used during the lab, how to set up and use the glass-
ware, the measuring instruments and so on during the experiment. Students should
by that time also be familiar with safety procedures. This will help them in formulat-
ing their work plan.

Part of the formative assessment of this part of a lab period could be a short video
made by the student in which he or she demonstrates that he/she is able to use the
glassware or instruments as they are supposed to be used. There are many exam-
ples, but include the ones like the use of a burette, a pipette or the use and safety in
working under vacuum. Almost everyone has a mobile phone that can be used for
making such a video.
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By making this a prerequisite for the actual experiments you want them to perform
you stimulate the students to pay much more attention to this part. It will enhance the
results of the actual experiments.

There should be a sufficient time lap between this introductory part of the lab
and the actual experiment you want the students to perform. They need to think
about what they learned, so they can actually use their experience in their proposed
work plan.

Students should formulate a work plan before they start their lab work. Such a
work plan should include some remarks about lab safety.

A work plan can also include some preliminary experiments students might want
to perform before they can finalize their work plan.

In the work plan some of the goals you wish to achieve with the practical activity
can be assessed. Important aspects like
— students need to be able to familiarize themselves with the theory and the back-

ground;

— students need to be able to formulate a research question or a problem they need
to solve;

— students need to be able to formulate a hypothesis or an expectancy of what they
will find; and

— students need to be able to formulate a procedure or design of an experiment they
are to perform

can be assessed in the work plan.

Have the students come in before the day the lab is planned and let them check their
lab work plan with a TA. Or you can have them submit it in electronically. They should get
feedback and not be able to start their work without formal clearance by you or the TA.

This type of preparation gives you and the people assisting in the lab session
enough time to assemble all the instrumentation and glassware needed for the actual
experiments. One of the most often heard comments is that staff has no control over
the experiments when they are planned so open. Giving enough time for assembling
the material will show that this is not a real problem.

3.5.5 Performing the experiment

Plan enough time for students to perform the experiment. If you want to assess
their practical abilities during the experiment, make sure you have an adequate
protocol both for the assessor and the assessed students. They should be made
aware what they are being assessed on, especially if it is a type of summative
assessment.

Make sure the students gather enough and accurate data, and stimulate them to
take photographs or sketches of their set-up.
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3.5.6 Reporting

Reports are needed to assess the following goals:

- Students need to be able to analyse the results of the data they have gathered
— Students need to be able to communicate the results

— Students need to be able to relate their results to existent literature

— Students need to be able to draw conclusions from the experiment

Requirements for the report should be formulated in such a way that the relevant
learning goals can be assessed.

Reports can be made in several ways. You may require a written report, following
a certain format. Several possibilities exist. In early courses, pre-printed formats are
often used. In later courses, the format of articles may be used.

In order to exchange information between students, posters or PowerPoint pres-
entations can also play a role. Basically, students need to learn how scientific results
are communicated. Posters, oral presentations and articles are the predominant form
in which this happens. It seems logical to use these in the training phase as well.

3.5.7 Affective domain

The lab work is often seen as one of the attractive aspects of studying science and
chemistry in particular. It gives some insight in the type of work the students will be
doing in later stages.

These goals in the affective domain stimulating

— interest,

—  attitude,

— curiosity and

- open-mindedness

are often not explicitly formulated. In the assessments described, affective goals
are not measured. It is important for the design of the whole lab activity to do this
however. You can make this part of the evaluation of the whole lab activity.

There are several ways to assess these goals and to evaluate. You can use a ques-
tionnaire that is presented to the students, or you can interview some of them in
which you query them on these aspects. This could also be done when you or the TAs
discuss a student’s report with a student after it has been graded.

3.5.8 Evaluation

As all educational activities, you should evaluate this particular activity as well. Based
on the work plan and the reports you can get some indication whether you reached
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the learning goals. A discussion with the TAs is part of the evaluation. For yourself as
well as for the TAs it is important that the students rate them. This can be part of the
questionnaire used to assess the affective domain.

3.6 Mentoring group work
3.6.1 Introduction

There are several types of groups that you may be asked to mentor. First year stu-
dents often have problems adapting to the change between secondary school and
university (Chaplin, 2007). In other cases, you may be asked to guide students
engaging in some group assignment. Students need to learn how to work and func-
tion in a group. During their professional career, they will normally be part of a
team, with their own responsibilities. They need to learn how to function in a group.
Apart from that, skills training and cognitive training will also be part of the group
work.

3.6.2 Role

The role you have in leading group work is that you are more a coach than a teacher.
Instead of being a source of information you are now there to guide the process going
on in the group. Basically, your role is the same as a sports coach. The subject is dif-
ferent, however. You are not focusing on athletic abilities and skills, but on learning
skills. Your main goal is to improve the learning skills of the students by showing them
how to gather information, how to process the information directed to the assignment
the group has to fulfil.

When you are coaching a first-year group, focus will be on general study skills
such as critical reading, time management and self-directed learning. You will be
amazed how much difficulty some students may have in adapting from high school
to college (Chaplin, 2007). Helping the students “how to learn” is the main focus of
these groups. They often have poor time management, are not very skilled in note
taking and don’t listen very well. Very often some guidance will help them on their
way and adapt to this new situation.

3.6.3 Supervision groups
There are several aspects you need to be aware of in supervision of students.

You need to be aware of the task you have regarding a group of students. You act
as coach, teacher, critic and judge. You also have a task in the summative assessment
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of the student. This double role can create some problems. You will need to decide

how you build up a relationship with the students.

- Will you keep it business like or personal?

— Do they address you as professor, or do they use your first name?

- How intensive is your supervision? Will it be very close, students need to report to
you in short time intervals, or is it distant, students report only after major steps
have been taken?

— What is the orientation of your supervision? Is it product oriented or is it focused
on the process?

- How well prepared are the students? How are their writing skills for example?

- How can students be coached into a certain direction?

— What do you expect from your students?

—  What are you responsible for?

Answering these questions and discussing them beforehand with the group of stu-
dents will make your role as a supervisor much more easy and effective.

3.6.4 Approaches

As a coach in such groups you can choose different approaches depending on the

ability of the group (Glickman & Gordon, n.d.):

— You can take a nondirective approach, when the students are clearly able to find
their own way and take initiative. The students collaborate and have equal input.

- An informal directive approach for groups who have problems finding a way to
cope and start with their assignment. You can provide them with several options
from which they choose one. After that the students collaborate.

- Adirective approach for students at a lower level, where you take the responsibil-
ity for the type of action to be taken. You divide tasks and make sure everybody
has enough input.

3.6.5 Feedback

Normally the group work will be part of a course in which you have the role of mentor/
coach of the group. You will be asked to give feedback to the results of the group work
regularly.

There are several types of feedback that can be asked as is indicated in Table 3.6.
There are different types of comment, as is indicated in Table 3.7.

Both for the feedback you receive and the feedback you give to students these
indications are important. The types are easily recognizable. The type of feedback you
give depends on the phase of the work. There are three phases in group work:
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Table 3.6: Types of feedback askers.

Type Strategy

Applause claimer Only wants compliments and is not open for negative feedback

The sceptic Does not believe positive feedback and keeps on polishing up the text

The conformist Adapts to all comments. Takes over each suggestion immediately

The perfectionist Only wants feedback in detail, and not open for big fundamental changes
The defender Tries to refute all criticisms directly and is not really interested in feedback

Table 3.7: Types of feedback givers.

Types Advantages Disadvantages
The cheerleader Positive for your ego No criticism, little feedback
The pedant Indicates all small mistakes Does not look at higher text levels
The sloganist Clear opinion No argumentation
The rewriter Good suggestions Unasked interferences
The grumbler Very critical on small mistakes, Nothing positive
inaccuracies, inconsistencies
The cop Knows all rules and conventions Does not appreciate unconventional
things
The co-thinker Very dedicated Takes over your text
— Starting phase
—  Working phase
— Final phase

Identifying these will help you in finding the right type of feedback which is needed
and makes it more effective.

3.6.6 Feedback on your role as supervisor

For your own development as a coach it is important that you receive feedback on
your role as mentor of a group. The best way to do is to ask for feedback at the end of
the group work in one of the last meetings of the group.

3.7 Supervising (un)graduate students

Working with graduate students is actually one of the oldest ways of teaching going

back to the guilds. The main difference is that here you function as a teacher in a
one-to-one relation, more in a master-apprenticeship situation. There will be courses
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in your institution in which you will be familiarized with your role as supervisor. It is
advisable to take one of these.

Most universities will have regulations in place regarding the supervision of grad-
uate students. Very often it will entail the signing of a contract between you and the
student, in which both your role and that of the student are discussed and formulated.

Part of the regulation will be the formal meetings in which progress and go/no go
moments are laid down.

As a teacher and supervisor, you need to make sure the student develops into an
independent researcher. As he or she is part of your research group the role you play
is rather complex and has different facets. Most important is that there is a positive
relationship between you and the student. The student must be able to rely on you to
help and guide him or her, especially in the beginning. In later stages, you will slowly
withdraw your help and discussions will be held on a more equal basis.

3.7.1 Reports by students

In the course of their work students will report regularly within the scope of the
work within your research group. There will also be more formal discussions with
the student. Sometimes you will have these alone with your student, and sometimes
others will be present as well.

It is wise to structure these talks beforehand, so it is clear
— what will be discussed exactly;
- what the goal of the talk will be;
— how far it will be confidential;
— who will make a report, and for what purpose the report will be used; and
— maximal duration of the talk.

There are several types of meetings you can have with students:
— orientation talk;

- report of achievements;

— performance appraisal;

- go/no go discussions;

— corrective discussion; and

— bad news discussion.

Normally there are several steps to be taken.
— Introduction:
identify everybody present, including the role they have;

o identify the goal of the conversation;
o identify what the result may be; and
o identify who will compose a report of the meeting.
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— The actual discussion, in which you act as chair, giving the floor to speakers
— Concluding the talk:

o give a short summary of the main points raised;

o give a short summary of the conclusions reached; and

o indicate what the follow-up of the discussion will be.

3.7.2 Feedback
For your own development as a supervisor it is important to regularly ask for feed-

back. Make sure you have an exit interview with each student who leaves, especially
when he or she does not graduate.
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4.1 Types of assessment

Assessment is a broad term encompassing different fields. According to the online
version of Merriam-Webster, it means “the action... of making a judgement about
something”.

In education two types of assessment are distinguished. They are called forma-
tive assessment and summative assessment (Offerdahl & Tomanek, 2011). Formative
assessment has a goal to determine the level attained by a student either in the cogni-
tive, psycho-motoric or affective domain (Bloom, 1984). Within the cognitive domain
both knowledge and skills may be tested. In the psycho-motoric domain most often
practical skills are meant. The assessment is important for both the teacher and the
student. For both, the information is vital for further actions in the learning and teach-
ing process.

Diagnostic assessment is a specific type of formative assessment often used at the
beginning of a course and used to “diagnose” the level of expertise of a student, and
to find out whether the student can enter a particular course.

The other type of assessment is called summative assessment. Summative assess-
ment has as its main goal to mark or score students. It is not only used to determine
whether a student has acquired sufficient proficiency in a certain field, but is also
used to rank the students among each other. Summative assessment often coincides
with formative assessment. For summative assessment, however, certain regulations
are often applied by institutions, while formative assessment can normally be used
without restrictions.

4.2 Criteria for assessment

In 2002, the Assessment Reform Group (https://assessmentreformgroup.wordpress.
com/publications/) published a number of pamphlets and leaflets about assessment.
The group stresses the importance of assessment and the role it plays in education.
Specifically, in “beyond the black box” the group indicates that learning through
assessment depends on five key factors:

— The provision of providing feedback to students

— The active involvement of students in their own learning

— Modifying teaching to take into account the results of assessment

— Arecognition of the influence assessment has on motivation

— The need for students to be able to assess themselves

These factors are an important background for the need and the design of assessment.

https://doi.org/10.1515/9783110569582-004
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In the leaflet, “Assessment for learning: 10 principles” (Broadfoot et al., 2012), 10
principles are published:
Assessment for learning
is part of effective planning;
focuses on how students learn;
is central to classroom practice;
is a key professional skill;
has an emotional impact;
affects learner motivation;
promotes commitment to learning goals and assessment criteria;
helps learners know how to improve;
encourages self-assessment; and
10. recognizes all achievements.

0NV AW e

These principles are all valid and used in the design of assessment.

4.3 Formative assessment
4.3.1 Introduction

Formative assessment has been shown to improve learning significantly (Black &
Wiliam, 1998). From another article (Smith, 2007) it becomes clear that the formative
assessment has to be in line with the learning objectives of a course, otherwise it
will not have any effect. The formative assessment activities need to be focused on
helping the learning process of the students. Formative assessment should show the
student what he/she knows and what he/she doesn’t know. The results should have
an effect on both the students and the teacher. For the students, it should direct them
to their weak points and stimulate them to work on those. Teaching assistants (TAs)
and lecturers should be able to give individual feedback on the learning process
and help individual students improve. For the teacher, it will yield information on
aspects that need to be discussed during lectures and tutorials, because some of
the concepts have not been understood well enough. Some of the issues are better
addressed in the whole class, and others can be easily addressed in the smaller scale
of a tutorial.

The main criteria of formative assessment are that
— it activates the students;
— it stimulates students;
— it challenges students;
— it demonstrates the students’ proficiency; and
— it guides students in their learning process.
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4.3.2 Techniques of formative assessment

In Chapter 3, several ways of formative assessment have been discussed. During
lectures “nearpod” was introduced as a technology tool. An important issue in forma-
tive assessment is that it can stimulate the discussion students can have among each
other. Discussing answers to questions about concepts helps enormously for a deeper
understanding. Mazur (1997) demonstrated that clearly. After the initial answers that
students gave on a Mazur-type question, they discuss and explain their answers.
In the second time of answering the number of correct answers often increases signif-
icantly (Barth-Cohen et al., 2016).

The main idea for stimulating discussion among students comes from Vygotsky
(1978). As indicated earlier, students may help each other in obtaining a higher level
within their zone of proximal development. Discussion about concepts and answers
helps students revise their opinion and insight in questions. It helps them understand
a concept and its implications a lot better.

Collaborative assignments during a tutorial are also a way to induce communica-
tion about solving problems. It helps engage students, and lets them build on each
other ideas (Siegel, Roberts, Freyermuth, Witzig, & Izci, 2015).

Using online assessment, where students hand in worked solutions or answers
to problems, is just one of the ways in which it is possible to give feedback online.
In Chapter 3 in the description of the tutorial some attention was given to this type of
activity.

4.4 Summative assessment
4.4.1 Criteria for summative assessment

There are several criteria that should be applied to summative assessment:
— The assessment should be valid

— The assessment should be reliable

— The assessment should be transparent

— The assessment should be efficient

These are criteria that normally are also held for research.

Validity means that there is a relation between the assessment and the learning
objectives you have set in the course. It also means that the assessment is able to
discern the difference in level of the students. Cum laude students should score a
higher grade than average students. Students that have not achieved your learning
objectives should not receive a passing score.
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Reliability means that this particular assessment gives consistent results every
time it is used. That means that the results of the assessments should be comparable
to earlier assessments.

Transparency means that the students need to be aware of what is required of
them in order to succeed in the assessment. They should know what they are expected
to do. That means there should be no ambiguity about what students are supposed to
answer. There are several examples of ambiguous questions and answers.

Consider, for example, the question:
Where was the declaration of independence signed?
Answer: At the bottom of the page (answer a gifted child would give)

And also the answer in Figure 4.1, found on the Internet.

3. Find x.

3cm

Figure 4.1: Answer to a question.

Transparency also means that students are aware of the assessment criteria.
The effectiveness relates to the way an assessment is fast and efficient not only in
reaching its goal but also in its contribution to the learning process of students.

4.4.2 Levels of knowledge

One of the main goals of assessment in general is to determine whether you reached
your learning objectives. In summative assessment, the main goal is to assess the level
of knowledge of (individual) students. One of the first things you need to know is how
you might define the level of knowledge. Bloom (1984) was one of the first to define
a taxonomy of learning, where he defined levels of knowledge in three domains: the
cognitive, the psycho-motoric and the affective.

Table 4.1 explains these levels, by using verbs, describing activities that students
can demonstrate (Bybee, Powell, & Towbridge, 2007).
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Table 4.1: Levels in Bloom’s taxonomy.

Domain Low level High level
Cognitive Knowing Comprehending Applying Analysing  Evaluating Creating
Affective  Receiving Responding Valuing Organizing Characterizing

Psycho-  Simple Imitation Manipulation Precision  Articulation Naturalization
motoric

The three domains have been described in detail, differentiating into general objec-
tives and behavioural objectives using verbs to describe students’ actions related to
the particular level.

The cognitive domain is characterized by knowledge. It starts with simple knowl-
edge, and advances in steps to more and more complex levels. The more cross-links
are formed, the more knowledge is chunked, and so the higher the level of knowledge,
the more an individual becomes an expert. However, it takes time and a lot of con-
scious effort to reach that level.

The affective domain has been neglected for quite some time, leading to severe
problems in secondary education (Rocard et al., 2007). The affective domain deals
with emotions, feelings and attitudes of students. It is not easy to formulate goals
for the affective domain, and even more difficult to formulate assessment to measure
progress in the affective domain. Very often this is also linked to the lecturer, not
as much the content of the course itself. Still it is an important aspect for higher
education. Lectures and courses are the only way to introduce students to research
in your own field. You need enough students to be able to help your own research
group prosper.

The psycho-motoric domain deals with physical manipulations, the handling
of glassware, laboratory equipment and so on. This is not the only part of a course,
interpretation of what is observed and reacting to that is an important part as well.
Diagnosing of what can be improved in a certain set-up, for example, is a higher level
in the psycho-motoric domain.

When you think of dissecting, for example, it means recognizing patterns and
structures in the object being dissected. This takes time to learn. The same is true for
microscopic work.

Learning to handle the microscope is one, but finding and identifying specific
items is also part of this domain.

Several of the verb lists, describing actions in a specific domain, can be found on
the Internet, using Google. Some of the examples are given in Table 4.2.

These verbs and related verbs can be used to define learning objectives at differ-
ent levels. It is not always easy to differentiate between two levels. Because of that
these levels are often adapted fairly. Another factor is that the number of levels is
high. It is not always needed to differentiate so many levels, so often the number of
levels is reduced to four.
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Table 4.2: Verbs relating to Bloom’s taxonomy levels.

Cognitive domain

Affective domain

Psycho-motoric domain

Level Verbs Level Verbs Level Verbs

Knowing Define Receiving Attend Simple Observe
State Ask Analyse
Recall Differentiate Accept
List Accept

Comprehending Describe Responding Comply Imitation Copy
Interpret Volunteer Execute
Compare Engage in Follow
Relate Recite

Applying Solve Valuing Support Manipulation Re-create
Discover Argue Perform
Select Initiative Implement

Analysing Infer Organizing Adhere Precision Demonstrate
Contrast Defend Show
Discriminate Explain Calibrate

Evaluating Reframe Characterizing  Act Articulation Combine
Devise Propose Coordinate
Organize Revise Modify

Creating Construct Naturalization  Design
Develop Manage
Rewrite Invent

In further research the group of Bloom combined some aspects of knowledge in the
cognitive domain, in order to include actions that can be taken related to knowledge
(Anderson & Krathwohl, 2001). The cognitive domain is divided into two different
dimensions, each looking at different aspects of knowledge. In their paper, they called
it the knowledge dimension and the cognitive process dimension. In both directions,
different levels can be discerned.

The knowledge dimension is:
— Factual, the basic elements students must know in order to understand a discipline
— Conceptual, the interrelationships among these basic elements, combining into

a larger structure

—  Procedural, how to do things, methods to work within the structure, using skills,
methods of research and so on
— Metacognitive, awareness about the way related knowledge may be acquired,
interpreting research results

The cognitive process dimension is:
— Remember, retrieve knowledge from the long-term memory
— Understand, construct meaning from instruction
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— Apply, carry out procedures in a given situation and solve problems

— Analyse, break up a problem in its constituent parts, analyse the structure and
apply the right methodology

— Evaluate, use results to draw conclusions

- Create, put different elements together, to form a coherent system

Understanding these different levels is important in formulating your learning objec-
tives, as well as designing the summative assessment. It is clear of course that within
a field you start at the factual knowledge and work your way up to higher levels.

4.4.3 Use of knowledge levels in summative assessment

Using the knowledge dimensions discussed earlier in summative assessment pre-
sents an opportunity to analyse your summative assessment, before you use it on
students. In international studies such as Trends in International Mathematics and
Science Study (TIMSS) (Mullis & Martin, 2015), three levels of knowledge are used:

- knowing;

— applying; and

— reasoning.

In some cases, these levels are subdivided into more levels (Bertona et al., 2014). Most
often the apply level is divided into two levels:

- apply in a known situation and

— apply in an unknown situation.

This yields four levels at which students can be assessed.

The lowest level, knowing, is easily defined and is focused on recall of factual
information. Multiple choice exams are perfect for assessing this type of knowledge,
even though it focusses on recognizing terms and definitions. It is not a very active
form of assessment.

The second level is the level in which procedural knowledge is assessed in
simple situations. Normally the student is asked to apply this knowledge in a known
situation.

In the third level, the student is asked to apply procedural knowledge, in which
he/she uses conceptual knowledge in order to solve a problem in a situation he/she
is not familiar with.

In the fourth level, he/she is asked to analyse a given problem in order to apply
the knowledge he/she has acquired. From the analysis, he/she is able to solve the
problem.

A simple example of the levels involved would be the following, which is taken
from an organic chemistry course at the University of Groningen (see figure 4.2).
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Level 1, recall:
Which of the following compounds is aromatic?

N
OH </ / OH
NH, HN NH,
Phenylalanine Histidine
/DIH\ 0
H N ”/\/\H‘\OH
NH,
Arginine
0
| N NH,
/
!
CHs CHs

Figure 4.2: Part of assessment question.

Level 2, application simple:
Nitronium (NO,’) ions may react with tyrosine present in a protein chain. Give the
reaction mechanism and explain where the NO, group will bond.

Level 4, analyse:
Explain why tyrosine reacts more easily with nitronium ions than phenylalanine.
Using these levels, you can use a so-called test matrix in order to analyse the sum-
mative assessment you are using. Table 4.3 gives an example of such a test matrix.
The test matrix is based on a final exam containing questions/problems. It is an easy
way of determining the level of your exam, before you use it. It will also link the exam
to your learning objectives. Determining the levels of your questions will also give an
indication of the difficulty of the exam.
In the bottom row, you get an indication how the final score of a test is deter-
mined. This way you can set the minimum score for a passing mark on the exam.
You may set expectations for your students: a normal score would be
- 100% on recall;
- 75% on level 2;
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Table 4.3: An example of a test matrix.

Test matrix

Cognitive skills Other skills
Learning goal/ Level1: Level2: Level 3: apply Level 4: Affective Psycho- Number of
objective recall  applyeasy difficult analyse motoric points in test
Percentage
in test:

—  50% on level 3; and
—  25% on level 4 questions.

That will give you a minimum number of points students are expected to score.

You can also determine the difficulty level of your exams. An exam that has
mainly questions in levels 3 and 4 will be considered more difficult than an exam
with mainly questions in levels 1 and 2. A normal distribution would be:

— recall 20%;

- apply in known situation 30%;

- apply in unknown situation 30%; and
— analyse 20%.

You can vary these percentages of a course, depending on the type of a course. An
introductory course might have a distribution as mentioned above. A regular student
would score 62.5% on such a test. A more advanced course will have higher percent-
ages in levels 3 and 4. Scoring your exams like this will give you an opportunity to
discern the level of the students, as the better students will score higher on level 3
and 4 questions.

4.4.4 Designing summative tests

There are many ways of assessing students. For science, the most traditional way is a
written exam, containing a number of problems that have been practiced during the
tutorials. Most of the exams in introductory chemistry, be it general, physical, organic
or inorganic, are set up this way. But writing a review of a number of articles giving
a presentation about a concrete subject, making a poster about practical research,
writing reports or articles are all valid forms of assessment. Even building an exhibit
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for a science exhibition can be used as assessment (Huisman, Bakker, van der Pal, de
Jonge, & van der Wal, 2011).

The link to the learning objectives you want to accomplish are the key in deter-
mining the type of assessment. Portfolios may be used to assemble the different parts
of the summative assessment.

Starting with the main general learning goals of the course is a good strategy. Use
these learning goals as themes for the different parts of your exam. Ask your TAs for
proposals for tasks and problems that can be used in the exam. Consult prior exams
for guidance about the length of the exam. Test the exams by asking colleagues and
PhD students to write the exam and use their feedback to adjust the problems.

The time needed to write the exams by students is at least double that of a col-
league or PhD student.

The design of an exam is more than just writing up the questions. You will need to
use a test matrix in order to justify the exam at a later stage. Another thing you need
is a marking scheme.

4.4.5 Marking the exams

4.4.5.1 Rubrics

Marking an exam depends again on the type of exam. An easy way to score reviews,
posters, presentation, articles, reports, exhibits and so on is the use of rubrics.
A rubric is a table containing in the first column criteria that are important in the
assignment. In the other columns, a short description is given about what is expected,
including a possible score in the top row. An example of a rubric for a lab report is
given in Table 4.4.

The website rubistar.4teachers.org is very helpful in writing rubrics for the first
time. Normally it takes scoring of at least one assignment to improve a rubric. The
experience of seeing what students do and what types of mistakes they make are
helpful in designing a rubric.

For posters, criteria such as
— graphics;

- title;

— content;

— attractiveness; and
— accuracy

can be used. Emphasis on certain criteria can be used to determine a final grade.
A requirement may be that one particular criterion must be scored at least sufficient
for a passing score. In Table 4.4, that might be “science content”. Another requirement
might be that no criterion may be scored insufficient. Normally the average score on
the criteria is used to determine the mark for a particular student.
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Table 4.4: (Partial)rubric for a lab report (see also rubistar.4teachers.org).

Criteria Excellent (A) Good (B) Sufficient (C/D)  Not sufficient (F)
Components  All elements All required One elementwas Several elements
of thereport  are present and elements were missing were missing

additional elements  present
that were felt needed

Diagrams/ Clear graphs and Requested graphs Graphs used Requested diagrams

graphs diagrams are used and diagrams were labelled and graphs are
when needed, and were used and incorrectly or missing and/or
labelled neatly and labelled correctly some labelling labelled incorrectly
correctly throughout was missing

Scientific Methods Concepts not

concepts or incompletely

understood

Methods Methods are Methods are Methods are Incomplete
described described described, some  description of
completely, completely aspects are methods used
including all details missing

Rubrics are normally adjusted during use, to make them easier to work with. Rubrics
are especially needed if more than one person is marking reports. Rubrics are a help
for students as well. It shows them in a very clear way the conditions needed for a
passing grade.

4.4.5.2 Written exams

When you have finalized the exam the first thing to do is make a marking scheme, to
assign points that can be scored on the different items of the test. Sometimes this is
easy. In the example given earlier about an organic chemistry test, the answer to the
first question should involve three compounds. The other two are not aromatic. There
are several ways to score the answers. The question was: “Which of the following
compounds is aromatic?” In a correct answer, the first, second and fifth compounds
are marked. This could lead to 3 or 6 points, 1 or 2 points for each correctly identified
compound. Now what do you do if the third or fourth compound is also indicated as
being aromatic. You will need to deduct points for the incorrect answer. Also leaving
one of the aromatic compounds out would be incorrect. If you deduct 2 points for
each incorrect answer, a student may have two compounds correct and still receive
no points, while a student who has no idea, but labels all 5 as aromatic would receive
2 points. The conclusion is that you need to be complete in your marking scheme,
including all possible answers. While marking the exam you may note possible
answers that had not occurred to you but did occur to the students. You can of course
include these in your marking scheme on the fly.
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The second question was: “Nitronium (NO,") ions may react with tyrosine present
in a protein chain. Give the reaction mechanism and explain where the NO, group
will bond.”

The answer involves a two-step mechanism, with several possibilities for mis-
takes, but this mechanism was discussed during the lecture with phenol.

The third one: “Explain why tyrosine reacts more easily with nitronium ions than
phenylalanine.”

Here students need to analyse the structure and realize that in phenylalanine the
resonance structures are different than in phenol.

The number of points could be about the same as for the first question, six for
each question.

Supposing you have 11 of these comparable items in the whole exam you would
end up with a total score of 66 points. There is no need to have a number of points like
50 or 100, although that is done often.

In order to determine the score for a student you need to decide the cut-off point
for a passing score. That does not need to be 33 points or 50%. It may be higher or
lower. Most people make list or histogram of the scores first before deciding.

Scores are depicted in Figure 4.3.

In the top graph, the group of 10 students scoring 60 points out of 66 is the group
of excellent students; the group of 40 scoring 52 points out of 66 would be the group
of average to good students; the group of 10 scoring 33 out of 66 the hard working but
not very talented students; and the group of 40 scoring 12 out of 66 has decided not to
prepare for the test. This would have been a group in which many students (40 out of
100) lost track during the course and felt they were not able to do well in the course.

Determining the mark for a student here depends on the type of scores used.
In the United States, the marks would most likely be A for the first 10, B for the next
40, C or D for the group around 33 points and F for the lowest scoring students. If you
need a decimal mark a formula like

# points
—_X

score = 10+1

would be possible if you mark between 1 and 10. This is used in a lot of countries.
You can of course also use just the percentage score, marking between 0 and 10. This
system is not used very often, because that would mean the group scoring around
33 points would not get a passing score.

4.4.5.3 Pitfalls in marking exams

When marking exams there are a few simple rules you should take. You have to be
careful in scoring a test to avoid pitfalls that often happen, even though you are not
aware of them.
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Figure 4.3: Distribution of average scores on a test (fictitious).

These effects during marking are:

Signific effect means there is the change of focus in marking. Some mistakes are
emphasized more during marking. This is opposite to a norm shift.

Norm shift means you adjust the norm after you have seen a number of similar
mistakes and become more lenient.

Sequential effect is the effect that after a mediocre answer a better answer is
marked higher than it would otherwise be.

Contamination effect means you take into account who it is that answers.
Halo-effect means you take into account the way an answer is written down,
either sloppy or very neatly.

Restriction of range usually occurs with rating lab reports or other types of exams;
it means not the full score range is applied but only scores are given between 4
and 8. Scores lower than 4 are not given, but also none higher than 8 (often with
the argument that 9 is for the teacher and 10 is for God).
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Being aware of these effects helps in avoiding them. A few simple guidelines can be

followed to avoid the effects as well:

— Mark a test question by question. That makes sure you will rate mistakes the same
way for each student.

— Make sure you rate the problems anonymously. Shuffling the pile after each ques-
tion will help.

— If you change the norm during the marking process, make sure you apply that to
all students.

If you have used TAs for tutorials you should also allow them a role in marking the
final exams. They can play a role in setting the exam but also in grading the exam.

When using several TAs it is absolutely vital that the TAs mark in the same way.
The score of a student should not depend on who is marking them. One of the ways
to ensure that is to have the TAs score one test independently and compare scores
afterwards. The scores given by you and the TAs should be within 85% of each other.
Discussing the differences with the TAs and deciding on the way an answer should be
scored will raise this so-called interrater reliability.

One of the things you can do is to check some of the exams especially some of
the high scoring students as well as students that score just around the passing score.
This will also give you more insight in the quality of your exam.
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After marking and determining the final scores for your students, your task is not yet
finished. You will need to evaluate the course and write an improvement plan for the next
time you teach the course. Many lecturers leave this unattended till about 2 weeks before
the course is due to run again. Most people will have forgotten what exactly needed to be
improved. The result is a course in which the same problems occur as the previous time.

5.1 Moments of evaluation

While the course is running, your evaluation should also start. A scheme should be
set up for the evaluation of all activities, lectures, tutorials labs and so on. This will
give the opportunity to adapt during the course.

Evaluating a lecture can be done by yourself, by taking notes about activities that
went well, and activities that could have gone better. The TAs may also comment on the
lecture. An external source is always better for feedback. Asking two or three students
to give you feedback on a lecture, directly after the lecture, is a good idea. By sitting
down with them for 10-15 minutes directly after a lecture will give insight into what
they learned and what they experienced. Obvious questions for these students are:

— What were the main items you learned about today?

—  Was the level too high/ too low?

— Could you follow the connecting thread of the lecture?
— What went well during the lecture?

—  What could have been improved?

For tutorials, the TAs should take similar actions. In any case they should note con-
cepts that were still unclear. For their own functioning as tutor, obvious questions are:
—  Were the problems too easy/ too difficult?

— What could be improved during the tutorial?

— What went well during the tutorial?

Before you prepare for the next lecture, it is a good idea to meet with all people
involved in the course, especially if you are not the only lecturer in a course, as is
often the case. You need to be able to transfer or receive information about what hap-
pened in the previous lecture(s).

5.2 Evaluation form

The evaluation form at the end of a course will contain some standard questions. Very
often students are asked to fill in a form to give feedback on the course after they have

https://doi.org/10.1515/9783110569582-005

printed on 2/13/2023 1:12 AMvia . All use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

76 —— 5 Evaluation

taken the final exam, or during the last lecture/ teaching activity. This will be organ-
ized by your institution. In that case you will receive the results afterwards. Normally
you will need to give a reaction about the feedback from the forms.

In these forms a Likert scale (Likert, 1978) using five items is very often used (indi-
cating a scale of: I agree strongly — I agree — I am neutral — I disagree — I disagree
strongly) for a number of standard questions about the organization like:

— The overall quality of the course was adequate.
— The overall program was coherent.

— The level of the course was what I expected.

— The lectures were well organized.

—  The study guide was clear.

And also about the way the lecturer(s) taught, and the way the TAs functioned:
— The lecturer developed clear themes in his lectures.

— There were enough interactive moments during the lecture.

—  The lecturer explained concepts well.

— The lecturer was able to respond to questions clearly.

The literature:
— The literature provided helped in understanding the concepts.
— The provided problems helped me understand the concepts

The assessment:

— Thelevel of the test was what I expected.

— The tutorials and the lectures helped me prepare for the test.
— The questions and tasks in the test were formulated clearly

In each category, there should be room for open comment, asking students for items
that went exceptionally well, and things that could be improved.

5.3 Evaluation of the summative assessment

The summative assessment will give an indication whether or not you have reached
your learning goals. Analysis of the test will also give an indication how well the test
was able to measure the achievement of learning goals. If a large percentage of stu-
dents was not able to give an answer to a particular question in the way you expected
them to, either something was wrong in their preparation or in the way the question
was formulated. It may have been too difficult or not formulated clearly.

In general, the results of a final test will look somewhat like the distribution given
in the previous chapter — a group scoring with an average between 55% and 90% and
a group scoring an average of about 25—30% or less. This is a normal distribution for
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a written exam with problems. There are always students who do not prepare for an
exam. If, however, as in the example the low scoring group is too large, something has
gone wrong. If such a large group dropped out or lost the connection to the course, it
was too difficult for them. You will need to find out what went wrong. Normally your
formative assessment should have alerted you to these problems. Most faculties will
not accept a score in which 40% of the students fail a course. They will demand some
sort of explanation. They will also expect you to make an adequate analysis of the
cause of the problem and a proposal to improve the situation.

5.4 The improvement plan

The improvement plan is based on the results of the evaluation steps you have taken.
It is the standard step in a design cycle, like a Plan—do—check—act cycle. Once you
have executed a design, you will adjust it based on the evaluation, so it will give better
results the next time you use it. In education, however, you have to deal with more
uncertain situations. While molecules will have a predictable reaction to changing
conditions, this is not true for students. Student groups change from year to year. The
way they react to your course may differ as well. The background of students is also
an important factor. Engineers are trained different from organic chemists in the way
they approach a problem.
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In most cases your appointment at an institution will entail both research and
teaching. Strangely enough tenure decisions are often made with a high emphasis
on research accomplishments and not on teaching. While you will have an exten-
sive training of at least 6 years as a researcher, your training as a teacher is often
neglected. Countries are beginning to adopt a strategy in which lecturers are required
to obtain some sort of University Teaching Qualification.

Like the development of research abilities, the development of your teaching
abilities is a continuous process. It begins with the teaching you experienced your-
self. You will have had 50 to 100 different teachers when you reach the level where
you will be lecturing. They have set many examples for you. Some you found inspir-
ing, others you found dull. You will tend to take one of those as an example. You
have to be careful about using your own learning experience as a guide for your own
teaching. You are an exceptional case. Only 5% of students make it to a professorial
level. That means that the average student will have a different learning pattern than
you had.

When you design a course, you go through a cycle, which is depicted in Figure 6.1.
This is loosely based on work by Loucks-Horsley et al. 1999).

Starting at the left you decide on the science content taking into account what
you know about student learning, and taking into account the context of the course
and the background of the students. These are combined in setting the learning
goals. Once you have formulated the learning goals, you combine these with your
knowledge about teaching strategies. These yield a plan for the course, which is then
executed, applying the relevant teaching strategies you have at your disposal. Once
the course is executed, it is evaluated. The evaluation gives you data about problems
that were encountered during the courses. These add to your knowledge and beliefs
about teaching.

The experience you have had including the evaluation play a role in your pro-
fessional development as a teacher. Main part in your professional development as
a teacher lies in your knowledge and beliefs, combined with the skills you have as a
teacher. This is illustrated in Figure 6.2.

The external sources as well as professional development courses are an impor-
tant factor. They provide both input in the theoretical background of teaching activ-
ities and theoretical background about learning.

Most science conferences will have sessions about education. Sharing your expe-
riences is important. Articles in, for example, the Journal of Chemical Education or
the Journal of College Science Education contain many good practice examples of
teaching. These can serve as an inspiration for yourself.

One of the important factors in your professional development as a lecturer is the
realization that things can and will go wrong. Just like it takes time to fine-tune an
experiment, it takes time to develop teaching activities in such a manner that they are
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analyse knowledge teaching execute
student and believes strategies
learning
set learning
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Figure 6.1: Cycle of a teacher’s development, based on Loucks-Horsley et al. (1999).
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professional
development
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Figure 6.2: Personal development as a teacher.

effective in the learning process of your students. You have to give yourself enough
leeway to find out how to optimize learning activities.

Reflecting on your own role as a teacher is just as important as getting feedback
on your role as a teacher. A relatively new technique, called 360 degree feedback
(Tee & Ahmed, 2014), will help you reflect on your own functioning as a lecturer.
It will give you feedback from different sources, from yourself, your students as well
as your peers. It will give insight into your strong points as well as your weak points.
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Basically, it can serve as a guide for future development. You will need to find a coach
however in order to do this effectively (Dyer, 2001). You need someone to discuss the
results with you but also someone to help you formulate the questions to be used in
the questionnaires.

When you reflect on your teaching, questions like the following could be answered

by you and others:

What is your role as a lecturer? What are your responsibilities?
What are your strong points in education?

How have you improved your educational activities?

Which improvements do you wish to realize?

How do you motivate and activate your students?

Which teaching activities do you think to be effective?

How do you integrate your own research in your education?
Which aspects in teaching do you wish to develop further?

Both your own answers to these questions and the answers from your peers and your
students about you will help you get a better view of yourself as a teacher.
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