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Abstract

The concept of pedagogical content knowledge hes bgplored in the context of several disci-
plines, such as mathematics, medicine and chemisttliis paper the concept is explored and
applied to the subject matter of computer scieimcparticular to the subdomain of building UML
class diagrams. It is argued that the identificatiad analysis of problems that students experi-
ence with important concepts should be at the ldgmtdagogical content knowledge in this
subdomain, as well as the description of pedagtgidah exercises for tackling those problems.
For two examples, relevant pedagogical content kedge is identified and represented in the
form of educational cases.
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Introduction

Different categories of knowledge are needed fachang. Of course, instructors need subject
matter knowledge in the first place, but they alsed pedagogical knowledge, such as knowl-
edge of teaching techniques, and knowledge. Inpdyeer another, specialized kind of knowledge
is studied: pedagogical content knowledge, a thahwas introduced by L. Shulman (1986). The
concept of pedagogical content knowledge may ledoted by the words of Shulman himself.
This category of knowledge includes:

‘... the most useful forms of representation ofideas, the most powerful analogies, illus-
trations, examples, explanations, and demonstiatidn a word, the ways of representing
and formulating the subject that make it comprettdaso others. ..Pedagogical knowl-
edge also includes an understanding of what mddeekearning of specific topics easy or
difficult: the conceptions and preconceptions tatlents ... bring with them .... If those
preconceptions are misconceptions, which they smalre, teachers need knowledge of the
strategies most likely to be fruitful in
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Pedagogical Content Knowledge and Educational Cases

used by instructors when they are teaching. Itftgm of instructors’ professional knowledge
that builds upon but is different form teacherdjeat matter knowledge. Pedagogical content
knowledge can be considered as subject matter leulgefor teaching.

This knowledge develops gradually, mostly througdctice, and builds up in the course of many
years of face-to-face interaction with studentgdfienced instructors possess it, but novice in-
structors usually do not.

It makes the difference between the way experieimestdictors know their subject matter and
the way novice instructors do.

The identification of pedagogical content knowledgaot only a matter of theory and educa-
tional research, but also has practical conseqse@e of these is that this knowledge can be
used to prepare new generations of instructonqidny cases, especially in the context of higher
education, novice instructors often find themsebeeehing by accident, without much pedagogi-
cal knowledge and without much support. (EckstBargin, & Sharp, 2001) Typically, a person
with the specific subject matter knowledge thaeiguired will be asked to teach it. But having
subject matter knowledge is very different fromingwedagogical content knowledge. Conse-
quently, it would be very useful if there were eiféint ways to facilitate the sharing of this
knowledge between experts and novice instructors.

In order to use pedagogical knowledge for shaiitrig,not enough just to identify it. These col-
lected experiences of the teaching community shalsid be made available in some useful rep-
resentation. Therefore an efficient and effectighigle for sharing this knowledge is needed.
Shulman (1986) argues that a common way to represelagogical knowledge is in the form of
propositions. An example of a proposition is: “Beealarge piece of chalk before you use it for
the first time, to prevent squeaking against therthd Propositions are an efficient way of repre-
senting knowledge, but one drawback of propositisrtkat they are hard to remember and that
they are decontextualized and devoid of detail.tRese reasons Shulman introduces the idea of
educational cases. These can be used to orgamagagugcal content knowledge in a coherent
way in a body of practical knowledge: ‘Cases magka@mples of specific instances of practice —
detailed description of how an instructional evecturred — complete with particulars of con-
texts, thoughts and feelings. On the other harskeay be exemplars of principles exemplify-
ing in their detail a more abstract propositiorth@oretical claim.” (Shulman, 1986)

Educational cases can contain several of the mrerdiaspects of pedagogical content knowledge
in a coherent way: student problems and miscommeptian analysis of those problems and mis-
conceptions, and an instructional strategy to aweecthose problems.

Therefore these cases document what can be dgetioular situations and why. They can con-
tain details and a context.

Educational cases are generated through expergntceeflection. They can document experi-
enced instructors’ ‘wisdom of practice’. For thaason these cases can be used to prepare new
generations of professionals.

An example of a possible case containing pedagbgicaent knowledge is given by L. S. Shul-
man (1992). The domain is teaching arithmetic ttdotn. The (fictional) case could start with
describing the problems that children have to wtded what it means to divide by zero (which

is not possible, of course). It gives an explamatibthe ‘subject matter’ of dividing by zero and
gives an account of the common mistakes childrelkkeraad the recurrent difficulties they have.

It might show examples of the errors children ma8klee case presents an instructional strategy to
remedy these problems and shows the results o$titziegy.
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The concept of pedagogical content knowledge has bgplored in the context of several disci-
plines, for example in mathematics, biology andnais&y (Bucat, 2004; Ma, 1999; Shulman,
2004). Each discipline has its particular pedagagiontent knowledge, because this knowledge
is at the intersection of content and pedagogys Phper explores the concepts in the context of
computer science. The main question is: how caedheept of pedagogical content knowledge
be characterized and applied in the disciplineomhguter science? To study this question, in the
next section characteristics of student activitiesomputer science are analysed, as well as char-
acteristics of expert instructors’ behavior. Thedfhgs are applied to the subdomain of UML
diagram techniques, as used in object-oriented/sisednd design. Two educational cases, con-
taining pedagogical content knowledge in this fielce described.

Pedagogical Content Knowledge in Computer Science

How can the pedagogical content knowledge in theaie of computer science be characterized?
An essential aspect of the work of computer scgmtssolving problems. The results of this
process of problem solving are all kinds of artdadiagrams, programs, specifications, proofs,
and so on.

An important observation is that students do natrigoroblem solving by reading about it or lis-
tening to somebody talking about it. Many reporithin the computer science community sup-
port this observation. For example, Eckstein eplaserve: ‘Passive students don't learn much. If
students listen to explanations, without becomimgagied, what is learned is unlikely to go into
long-term memory. The consequences of a theoryraikely to be obvious to one who reads
about, or hears about the theory. The unexpecticutlies inherent in using the theory or apply-
ing the ideas are not likely to be apparent urdil yctually do use the theory.’ (Eckstein et al.,
2002).

The idea that students learn while being active egreement with the well-known approach of
active learning. Active learning gets students imed in activity in the classroom rather than
passively listening to a lecture. Examples of diitis are discussing, solving problems and an-
swering questions. Active learning has been apptiedany disciplines, among them computer
science. As has been observed (McConnell, 2008)pater science is by its very nature an ac-
tive learning discipline. Already from the starttbé discipline, active learning has been applied,
especially in programming projects. More recendlyegal active learning techniques have also
been used inclass. As a consequence several rep@tsibout experiences with active learning
techniques and strategies in computer science gdu¢&riggss, 2005; McConnell, 1996; Whit-
tington, 2004).

Therefore it should be expected that students leest in a problem solving context when in-
structors give students problems in the form of@ges and cases to train their problem solving
activities. And indeed, performing such activitiesvhat students actually do in many topics in
the discipline of computer science, like prograngmisiatabase design and systems analysis and
design.

The role of the instructors in this context isthe ideal case, knowing the hard modelling ques-
tions, the problems the students experience, themmn mistakes, the usual misconceptions. In-
structors carefully compose or select relevant@ses that clarify and tackle these problems and
from which the students can learn as much as ges3ibey know these exercises thoroughly and
foresee which correct and incorrect solutions thdents might conceive. If indeed students
come up with incorrect or partially correct solut$o the ideal instructors know which additional
guestions to ask and which answers to provide. Theayalso control complexity by providing
examples and exercises that will give studentdid aad complete picture and yet are as simple
as possible.
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From this overview of the pedagogical content kramgle of experienced computer science in-
structors, it can be concluded that a lot of tkeowledge can be linked to exercises. For this rea-
son exercises are at the heart of the educatiasakahat are discussed in the next section. The
exercises give a framework that can be used todindks of pedagogical knowledge together in
a coherent body of knowledge.

From a pedagogical point of view, students’ misepmtions of students are very interesting.
Shulman observes: ‘The study of student miscongegtand their influence on subsequent learn-
ing has been among the most fertile topics for divgnresearch. We are gathering an ever-
growing body of knowledge about the misconceptoinstudents and about the instructional
conditions necessary to overcome and transforrmetimisal conceptions. Such research-based
knowledge, an important component of the pedagbgitderstanding of subject matter, should
be included at the heart of our definition of neegedagogical knowledge.’ (Shulman, 1986)

The approach of learning-from-mistakes is in thetext computer science education advocated
by Ginat (2003). He proposes to ‘plan a lessondaseexpected student errors, in order to
“make a point”, illustrate a principle, or affe¢tident beliefs.”

As a consequence, we decided to give misconcepiothnistakes, and analyses of them, an
eminent role in the pedagogical content knowledge.

In the next section, two examples of educationaésaapturing pedagogical content knowledge
are described.

Examples of Educational Cases

This paper explores pedagogical knowledge thatnsiected to the subject matter of using UML
techniques. UML is well-known to be hard to leasnriovices, because it has many concepts,
with complex semantics (Hansen & Ratzer, 2002) eRé2000) states, for that reason, that UML
is excellent for experts, but bad for novices.

One of the diagram techniques of UML is drawingssldiagrams (Frosch-Wilke, 2008)sing
class diagrams has become central within objeerted analysis and design. The class dia-
gram is not only widely used, but it also has treatest range of modelling concepts. There-
fore, it is not surprising that Frosch-Wilke fouimdan empirical study (2003) that many stu-
dents have problems identifying appropriate clasesajor reason is the lack of a ‘recipe’
for doing this.

During several years of lecturing we noticed mamgcsic problems students experience
building class diagrams. Frequently occurring peaid concern:

» understanding the difference between the concégds and instance
» identifying appropriate classes in given requiretaen

» identifying appropriate relations between giverssts

» understanding cardinalities of relations

» fully understanding the concept of generalization

» understanding and applying the concept of assoaoiatass

* modelling different relations between the samesgas

* redundant associations.

Many problems on this list were also found in arpeiwal study (Frosch-Wilke, 2003), about
problems with using class diagrams (among otheg#)i
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Two problems are analysed in this section. Theyaisais based upon our experiences of teach-
ing object-oriented analysis and design over maayy.

Case 1: Using an Association Class

For many novices the key concept of an associatass in UML is a hard one. For them it is
hard to seevhy in certain cases an association class shoulddzk Uikey are inclined to overlook
the use of it, or to use an independent class in@mrect way. But even if they are tdltht an
association class is appropriate, they cannotdiguthow to use it. Therefore, as an introduction
it is appropriate to deal with these problems opete, by first focusing on the why question.
This can be done by giving them an exercise thaetait a discussion about the ‘why’ of asso-
ciation classes. Therefore, give the students bigmostatement, give them a class diagram with
an association class, and give relevant attribatgsthe students to allocate the attributes to the
given classes.

Example

A guest stays in a hotel room. Figure 1 shows a Wlkss diagram of this situation. Relevant
classes are Guest, HotelRoom and Stay. In this gheaBtay is the association class.

Guest HotelRoom

stays in

Figure 1: Class diagram with an association class

This diagram is offered to the students, as wed aamber of attributesoom number, rate, way
of paying, guest number anddate of arrival. The assignment for the students is to add these a
tributes to the classes in the class diagram iarEig.

For most attributes in the example it is quite cteavhich class they should be allocated. But the
exercise is constructed in such a way that thenebearelevant discussions about the allocation of
some attributes, for examplate. There is not enough information to make a dediohoice (For
example, igate the standard rate for the room, or is it the tlat the guest is going to pay?), but
the consequences of the alternatives can be exdmihe same goes famy of paying. It can be
discussed what the consequences are of allocatinGuest or to Say.

Those discussions clarify why the use of an astonialass is adequate in this example.

Diagrams with an association class can be trangfinto an equivalent diagram without an as-
sociation class. A relevant question is to give #quivalent class diagram and ask the students
whether semantic differences exist between botirdias.

In the example this question applies to the diagraRigure 2. As an alternative this topic can be
posed in an open question: is there an equivalagtaim without the use of an association class?
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Guest HotelRoom

TL j
* Stay *

Figure 2: Class diagram without association class.

The goal of this problem is to generate discussatimitwhy the use of association classes can
be appropriatedow to use association classes, has been given ipribiidem. For many novices
it is not only hard to understand the ‘why’ of asation classes, but also the ‘how’. The same
type of exercises can be used to focus on the ‘howt, of course, without offering the students
the class diagram.

Case 2: Using a Description Class

Often you have a set of objects that share commimnmation but also differ in important ways.
One example is the set of copies of the same boaHibrary. These copies have the same author
and ISBN, but different bar-code identifiers anehtlare borrowed by different people. In this
case it is useful to introduce a description c(adsch is also called an abstraction class or a
specification class) that contains all the data dn@ common to the set of objects. Novices have
problems in seeing when it is appropriate to usenigion classes. One of the problems is that
they confuse the concepts of super class and gésariclass.

Therefore we give the students an exercise in wihsiihg a description class is appropriate and
which can elicit discussions about the conceptestdption class. An example will be given.

Example

A chain of hotels consists of several hotels ifiedént cities. Each hotel has rooms, with distinct
numbers. All hotels have 3 types of rooms: busietsss, standard and economy. Every type has
a fixed standard rate. (These properties are trerbmimum. Others can be added, of course)

The assignment for students is to model this sdodiy way of a class diagram. Figure 3 shows
the correct class diagram.

When modelling this situation many students doaoobe up with a description class. In the ex-
ample they allocate all properties of the rooma tdassHotel Room, missing the desirability of a
classRoomType. In this case the instructor discusses the usoalgms of ignoring the descrip-
tion class: risk of inconsistency, inefficiencydamossible loss of information.

Hotel HotelRoom RoomType

city 1 * | room number | * 1 area

Figure 3: Classdiagram with a description class

Many students will confuse the use of a descriptiass and generalisation. In the example they
will come up with subclasses BasinessClass, Sandard andEconomy. The instructor explains
that this is not a good idea, because the distihgui subclasses do not have different properties.
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Crucial is that many instances have exactly theesaformation. This is an indication that a de-
scription class should be used.

The concepts generalisation and using a descripltams are easily confused. Therefore it is ad-
visable that the instructor provokes a discusshmuathis confusion, if the students themselves
do not do this. To show the difference clearlyitisructor can extend the exercise with generali-
zation. In the example a possible extension ishtitel not only rents hotel rooms but also con-
gress rooms. Congress rooms have a number, lik¢ foatms, but they also have a seating ca-
pacity, unlike hotel rooms. Therefore it is appiaf® to introduce a super clddsom with sub-
classegdotel Room andCongressRoom. Such an example clearly shows the differencevierg
simple way.

In many cases using a description class is goocdeHirngl practice, but not strictly necessary. In
such cases it takes some effort to convince thaests why this is desirable and maybe it de-
pends on the persuasiveness of the instructor whhthor she succeeds. In these cases the in-
structor can extend or change the exercise, inyatlad makes the use of a description class in-
evitable. In the example the exercise can be ertbndth the reservation of rooms. If a guest
makes a reservation for a room, the system injt@dlly makes a reservation for the type, not for
an actual room (Figure 4). There is no associdiEtween reservation amtbtelRoom. The ac-

tual room is assigned only shortly before the atrof the guest.

Reservation
. reservation #
*
1 1
Hotel HotelRoom RoomType
city 1 * | room number | 1 area

Figure 4: Classdiagram that cannot do without a class RoomType

Recently many analysis patterns have been foungaloldshed, for example by Fowler (1997).
The construction described in this educational casewvell-known analysis pattern, calléem-
Description pattern orAbstraction-Occurrence pattern. Therefore, this case suggests that the in-
structor should discuss them-Description analysis pattern.

Discussion

Pedagogical content knowledge is based on the wisdf@xperience. It is not invented but it is
found. It describes common practice. Therefore, fpovisional formulations of it should be re-
viewed in a public setting by a group of peershef authors. In this way ideas can be tightened
up, more knowledge can be added and formulatiombeamproved.

In this paper pedagogical content knowledge has beEmesented in the form of educational
cases. In the computer science society anothefdodbcumenting knowledge has become well
known: patterns. Patterns have been used to reprassign knowledge in the first place, but
also to represent pedagogical knowledge. The resaltollection of useful pedagogical patterns.
Examples are patterns about giving feedback, stipgactive learning, supporting experiential
learning, initial course design, and so on (Bergd01; Eckstein et al., 2002; Fincher, 1999).
These patterns express general pedagogical knosvlétlgeh less work has been done on ex-
pressing pedagogical content knowledge in patténrikis paper educational cases have been
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used to document pedagogical knowledge, but pedeajquatterns could also have been used.
We chose cases in order to join activities in othsciplines such as mathematics where cases
have been used to document this kind of knowleBgeit is interesting to explore the suitability
of other representations.

Thus documented knowledge can facilitate the a@guisof pedagogical skills of those who
need them. Novice instructors could profit fromtesimg and sharing pedagogical knowledge, in
the first place. Thus teacher education could hiefiem this knowledge. But experienced in-
structors could also learn from each other. Evesyructor has his or her own private ‘killing’
exercises and examples. If these could be exchapgeds could learn from each other.

But this is not the end of the story. The explitiilability of pedagogical knowledge is not only
useful for those who actually teach in the classrod would be of great usefulness if the experi-
ences of skilled instructors in face-to-face edocatould be made explicit, and be at the dis-
posal of developers and instructors of distanceaiitn.

Distance education usually has hardly any facexte-interaction or online communication. Stu-
dents should be able to complete these coursdgeoroivn without much help or instruction.
This implies that the courses should be carefudlyighed. It is a challenge to devise distance
education courses that incorporate a lot of pedagbignowledge in an efficient way in printed
materials and within the context of interactioramelectronic environment.

Conclusions

In this paper the concept of pedagogical conteoikedge has been applied to the subdomain of
designing UML class diagrams. Within this subdontamconcepts of association class and de-
scription class are analysed. The knowledge thabkan documented in this paper consists in
the first place of:

» the identification and analysis of problems thatlenhts experience with two concepts
» the description of pedagogically rich exercises tégkling those problems

» suggestions for the feedback to give to studeniggling with those concepts and for
eliciting meaningful discussions about those cotgep

The pedagogical knowledge as described here otégrieom the experience of skilled instruc-
tors. Some of this experience can also be foumadiiications such as textbooks and practitio-
ners reports. Published results of pedagogical ceengcience educational research (for example
(Bergin, 2001)) are another possible source fatifig relevant pedagogical knowledge.

The approach seems suitable for subdomains whebdepn solving is a core activity, such as
analysis and design, programming, relational daedand SQL, mathematics for computer sci-
ence, logic and so on.
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