
Computer Science Education
2004, Vol. 14, No. 4, pp. 277–296

A Wittgenstein Approach to the Learning
of OO-modeling

Christian Holmboe
Department of Teacher Education and School Development,
University of Oslo, Oslo, Norway

ABSTRACT

The paper uses Ludwig Wittgenstein’s theories about the relationship between thought,
language, and objects of the world to explore the assumption that OO-thinking resembles
natural thinking. The paper imports from research in linguistic philosophy to computer science
education research. I show how UML class diagrams (i.e., an artificial context-free language)
correspond to the logically perfect languages described in Tractatus Logico-Philosophicus. In
Philosophical Investigations Wittgenstein disputes his previous theories by showing that
natural languages are not constructed by rules of mathematical logic, but are language games
where the meaning of a word is constructed through its use in social contexts. Contradicting the
claim that OO-thinking is easy to learn because of its similarity to natural thinking, I claim that
OO-thinking is difficult to learn because of its differences from natural thinking. The nature of
these differences is not currently well known or appreciated. I suggest how explicit attention to
the nature and implications of different language games may improve the teaching and learning
of OO-modeling as well as programming.

1. INTRODUCTION

When making a data model or writing a program, the system developer,

whether expert or novice, always relies on his or her underlying understanding

of the problem domain to be modeled or represented. Probably one of the most

common mistakes CS lecturers make is to assume that students have

appropriate understandings of the problem domain (and of the computer’s

capabilities). Quite often students’ understandings are limited or even

erroneous, especially since, due to their relative youth, students are usually
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less experienced or knowledgeable in several of the domains involved in the

given tasks. Even when students have the appropriate domain knowledge, the

depth of knowledge normally differs significantly from one person to the next.

Thus, two students who collaborate on a project could have very different

understandings of what is meant by the relevant terms and phrases. In fact, the

appropriate or determined meanings of the terms involved in a system

description or the relationships among them are not given a priori, but are

always open to interpretation. This paper describes the theoretical foundations

for these problems and make suggestions for how to overcome some of them.

Many authors explain that object orientation has as its main aim to enable

system developers to model the world in the same manner that they envision it

in a natural setting. For example, Coad and Yourdon (1991) explain:

OOA – Object Oriented Analysis – is based on concepts that we first

learned in kindergarten: objects and attributes, wholes and parts, classes

and members.

The truth of this claim is generally taken for granted and left undisputed.

Nevertheless, several researchers have shown that it is difficult to learn OO-

modeling and design (Andersen, 1997; Shoval & Shiran, 1997; Tegarden &

Sheetz, 2001). In the late 1980s, a number of studies examined the difficulties

students have learning procedural programming (some significant contributions

can be found in Hoc, Green, Samurcay, & Gilmore, 1990; Soloway & Sleeman,

1986; Soloway & Spohrer, 1989). One main finding in several of these studies is

that novices tend to attribute human interpretation skills to the computer (e.g.,

Pea, 1986), both on a logical and on a linguistic level. du Boulay (1986), in turn,

focused on the problems of having to learn not only the programming language,

but a number of other systems or languages like the editor, the debugger, and so

forth. The latter point is particularly relevant to the work presented in this paper.

A number of studies have shown relationships between learning to program

and natural language use. Shneiderman (1980) demonstrates how program-

mers benefit from using everyday terms when labeling variables and

procedures, which supports the claim that closeness to natural language and

thinking makes modeling, as well as programming, easier to learn. Similarly,

Petre (1990) and Pane, Chotirat, and Myers (2001) show how techniques of

pseudocode and natural language algorithm descriptions help students

understand or produce programs. Other researchers have focused on the

differences between programming languages and natural languages, demon-

strating language-related difficulties that students may face (du Boulay, 1986;

Holmboe, 2005; Taylor, 1990).
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A different strand of research has shown how the activity of programmers

relies on special problem-solving strategies, referred to as programming plans

(Soloway, 1985) or schemas (D�eetienne, 1990). A computer programmer

constructs a program by assembling such plans in the appropriate order. The

problems that novices experience in trying to assemble plans have been

attributed to their misunderstanding or misapplication of programming plans

(Ehrlich & Soloway, 1984). In the area of data modeling, Dinesh Batra and

associates have performed a number of studies comparing novice and expert

behavior (Batra, 1993; Srinivasan & Teeni, 1995). They describe problems

such as those related to programming plans or schemas as misapplied

heuristics (Batra & Antony, 1994). They discovered that their students show a

tendency to adopt intuitive problem-solving techniques (i.e., heuristics) that

do not take into account the fact that the translation problem at hand is

supposed to be ‘‘understood’’ by a computer, in addition to being readable and

intelligible to a thinking person.

While several of these studies address linguistic issues of learning to

program in general, little has been done to help understand the apparent

discrepancy between the alleged naturalness of OO-thinking and the evident

problems faced by students of OO-modeling in particular. The present paper

will contribute by focusing on this discrepancy, using the two major theories

of Ludwig Wittgenstein as a point of departure. In doing so, the paper

demonstrates how importing theories from linguistic philosophy can provide

useful insight to the field of computer science education research.

Ludwig Wittgenstein’s first book, Tractatus Logico Philosophicus, was

originally published in 1921. In this book, Wittgenstein (1961) outlines a set

of postulates about the use of language to describe the world. From a

mathematical point of view, he gives an idealized description of a logically

perfect language. In this paper I demonstrate how object-oriented modeling

can be seen as an example of such a logically perfect language. Wittgenstein’s

second major publication is the Philosophical Investigations (Wittgenstein,

1958). The more pragmatic view of language presented in the latter book helps

explain the apparent contradiction between the assumed naturalness of OO-

thinking and problems documented in the process of learning this activity.

From a sociocultural perspective, I discuss the implications of these two

theories for learning OO-modeling. With its basis in the works of Lev

Vygotsky (1986), the sociocultural perspective on learning (Anderson, Reder,

& Simon, 1996; S€aalj€oo, 1998; Wenger, 1998) is currently one of the leading

theories in educational research. It is an epistemological theory that

emphasizes the importance of social interaction and context for learning.
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Within research in science education, the concept of learning demands has

been used to appraise the differences between a piece of subject knowledge to

be taught and the corresponding (and sometimes disturbing) everyday

conceptual understanding that the students bring into the classroom (Leach

& Scott, 2002). Drawing on this concept, I suggest alternative approaches to

teaching and learning data modeling as well as programming. These

methodological aspects are additional import features of this paper (i.e., from

general educational psychology and from research in science education).

Since the 1960s, when object orientation was introduced as a paradigm for

computer programming (Dahl & Nygaard, 1966), a large body of techniques

and modeling languages have emerged. Of these, UML (OMG, 2001) is

currently becoming a de facto standard in corporations worldwide and has

been chosen as the basis for the discussion in this paper. Awide variety of tools

are available to support UML development; these tools enable modelers to

describe and design different aspects of a computerized information system.

This paper concentrates on structural modeling and, in particular, on class

diagrams.

2. TRACTATUS LOGICO-PHILOSOPHICUS

The next portion of this paper introduces several clauses from the Tractatus

Logico-Philosophicus (Wittgenstein, 1961), hereafter referred to as Tractatus.

The Tractatus is organized as numbered postulates, with seven main

postulates, 1 through 7, each with several hierarchically numbered sub- and

subsub- postulates. Hence T4.5 indicates the fifth main comment to postulate

4 of the Tractatus. To avoid cluttering the presentation, these numbered

clauses are listed without further citation.

Wittgenstein’s aim in the Tractatus is to describe the conditions that would

have to be fulfilled by a logically perfect language. His concern in this

endeavor is not with the psychological issues of using language with the

intention of conveying some content with a specific meaning. Nor does he

discuss the epistemological issue of the relationship between thought and

language on the one hand and to what it refers on the other. What is of interest

to Wittgenstein is the relationship that ‘‘one fact must have to another in order

to be capable of being a symbol for that other’’ (Russell, 1922). This kind of

symbolism presupposes the idea of a unique meaning or reference for each

symbol or combination of symbols. Thus, a perfect language has a one-to-one
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correspondence between simple facts and symbols, or between combinations

of facts and the related combinations of symbols.

T4.5: It now seems possible to give the most general propositional form:

that is, to give a description of the propositions of any sign-language

whatsoever in such a way that every possible sense can be expressed

by a symbol satisfying the description, and every symbol satisfying

the description can express a sense, provided that the meanings of

names are suitably chosen.

In T1.2, Wittgenstein establishes the world as divided into facts. The objects

(facts) can occur in combinations (states of affairs), and these are depicted in

thoughts and propositions that have something (form) in common with the real

state of affairs.

T2.04: The totality of existing states of affairs is the world.

T2.06: The existence and non-existence of states of affairs is reality. [ . . . ]

T3: A logical picture of facts is a thought.

T3.1: In a proposition a thought finds an expression that can be

perceived by the senses.

3. OO-MODELING AS A LOGICALLY PERFECT LANGUAGE

This paper assumes the reader understands the basic ideas and features of

object-oriented modeling. For readers seeking an introduction to UML, see,

for example, Fowler and Kendall (2000). The definitions at the beginning of

each subsection are drawn from the UML specification issued by the Object

Management Group (OMG, 2001). Below I present definitions of the main

features of UML class diagrams and focus on the philosophical aspects of

each, particularly their relationship to Wittgenstein’s theories.

3.1. Class Diagram
A diagram that shows a collection of declarative (static) model ele-

ments, such as classes, types, and their contents and relationships. (OMG,

2001)

A class diagram is intended to give a static description of a portion of

the world (the Universe of Discourse) suitable for implementation in an

object-oriented programming language. The different objects of this subworld
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are grouped into classes that are given a set of attributes as well as operations,

and the classes are connected to one another as a graph to illustrate

the corresponding connections between the respective objects of the real

world.

T4.0311: One name stands for one thing, another for another thing, and

they are combined with one another. In this way the whole

group – like a tableau vivant – presents a state of affairs.

The class diagram represents a picture of a part of the world in the same

manner as Wittgenstein claims that the world consists of facts that may be

coupled together in ‘‘states of affairs’’, and that propositions in the language

are images of these facts and states of affairs. The class diagram is a structural

model representing a structure of the corresponding phenomena in the

referential scope of the world. For Wittgenstein, this scope was the whole

world, or more precisely that of which we can speak and think. Of the

unthinkable one cannot speak.

T4.001: The totality of propositions is language.

T4.01: A proposition is a picture of reality.

A proposition is a model of reality as we imagine it.

T5.6: The limits of my language mean the limits of my world.

In the same manner that the scope of a class diagram is limited to what can

explicitly be captured by the elements of it, the world of Wittgenstein is also

limited by what can be described through language.

3.2. Class
A description of a set of objects that share the same attributes, operations,

methods, relationships, and semantics. (OMG, 2001)

Object-oriented modeling involves different abstraction mechanisms used to

describe the common structure of similar phenomena. The declaration of a

class represents an abstraction of substance (Nygaard, 1986).

T2.021: Objects make up the substance of the world.

T3.344: What signifies in a symbol is what is in common to all the

symbols that the rules of logical syntax allow us to substitute

for it.
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The main element of an object-oriented model is the class, which represents

an abstract collection of objects with some (for the purpose suitable) common

set of properties. Components of a system (i.e., part of the world) are modeled

into objects that are in turn classified as members of a class. Of each class we

can instantiate objects that represent a ‘‘simulation’’ of the components in the

system that we have modeled (Andersen, 1997).

When building a class diagram we are initially looking for phenomena with

some common set of properties that together form a generalized description of

the phenomenon in question. What qualifies as a class within a given system

can be seen in light of the following proposition:

T2.02331: Either a thing has properties that nothing else has, in which case

we can immediately use a description to distinguish it from the

others and refer to it; or, on the other hand, there are several

things that have the whole set of their properties in common, in

which case it is quite impossible to indicate one of them.

The depictions of these things with their common sets of properties consti-

tute members (i.e., objects or instances) of a class. The different values of each

of these properties (i.e., attributes) are discussed in the following section.

3.3. Attribute
A feature within a classifier that describes a range of values that instances

of the classifier may hold. (OMG, 2001)

Wittgenstein described the issue of value-scope as different spaces within

which each object must find its position.

T2.0131: A spatial object must be situated in infinite space. (A spatial

point is an argument-place.) A speck in the visual field, though

it need not be red, must have some color: it is, so to speak,

surrounded by color-space. Tones must have some pitch, objects

of the sense of touch some degree of hardness, and so on.

In the language of object orientation we may say that each object has a set of

attributes, and that each attribute may hold a value within a given range or

value-space defined by the variable-type. The values of the attributes may

change over time, like a person’s age or the size of a bank account changes in

the real world.
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T2.0271: Objects are what is unalterable and subsistent; their configu-

ration is what is changing and unstable.

The configuration in Wittgenstein’s postulate represents the attributes and their

changing values. In object-oriented theory, this configuration is usually referred

to as the state of an object or a system. What brings the system or the objects

from one state to another are operations (or methods in other methodologies).

3.4. Operation
A service that can be requested from an object to effect behavior. An

operation has a signature which may restrict the actual parameters that are

possible. (OMG, 2001)

All objects of the world have certain affordances (i.e., abilities to act upon or

be used by other elements of the surrounding world). In object orientation,

these special properties are represented by operations.

T5.24: An operation manifests itself in a variable; [ . . . ]
It gives expression to the difference between the forms.

T5.25: The occurrence of an operation does not characterize the sense of

a proposition. [ . . . ]

Since it does not hold a value, an operation does not alter the meaning of an

object. It merely represents a disposition for behavior or interaction between

objects or propositions. One may claim, though, that the operations add to the

characteristics of the group of objects instantiated from that particular class.

It should be noted that the concept of operations in the Tractatus is limited

to mathematical truth-operations on simple propositions that produce new

non-simple propositions without altering the initial sense or form. This only

represents a small subset of the types of operations available in OO-design.

Operations as affordances of objects should therefore be considered a special

case of the semantic content of facts or states of affairs in Wittgenstein’s

terms. When we consider associations, the final of the main elements discuss-

ed in this paper, the analogy between UML class diagrams and the Tractatus

is more obvious.

3.5. Association
The semantic relationship between two or more classifiers that specifies

connections among their instances. (OMG, 2001)
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Two or more classes that are associated indicate that the objects of these

classes stand in a certain relation to one another.

T2.0272: The configuration of objects produces states of affairs.

T2.031: In a state of affairs objects stand in a determinate relation to one

another.

T4.1: Propositions represent the existence and non-existence of states

of affairs.

In a class diagram, each association is usually accompanied by role-names

enabling the modeler to ‘‘read’’ the association as a proposition about the

relationship between the classes involved. This is very much the same

function that Wittgenstein assigns to the elementary proposition.

T3.203: A name means an object. The object is its meaning.

T4.22: An elementary proposition consists of names. It is a nexus, a

concatenation, of names.

Finally, Wittgenstein is concerned with the relationship between the prop-

ositions as expressions for our thoughts and reality as reference for estab-

lishing the truth of a proposition.

T4.06: A proposition can be true or false only in virtue of being a picture

of reality.

In data modeling one is not restricted to making true statements (or

associations), since these are primarily intended for implementation on the

computer. Most of the time, however, an information system is supposed to

represent or depict some part of the real world, and will be evaluated

according to its correspondence with the real world counterparts.

4. PHILOSOPHICAL INVESTIGATIONS

So far, I have shown that OO-modeling as defined for UML class diagrams

corresponds remarkably well to the properties of a logical perfect language as

described by Wittgenstein in the Tractatus. To shed further light on the

implications this has for teaching and learning OO-modeling, I turn to

Wittgenstein’s later work, which introduces a different perspective on

language. Indeed, some scholars refer to Ludwig Wittgenstein as two of the
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most important philosophers of the 20th century. This somewhat satirical

comment is based on the fact that in his second major publication,

Philosophical Investigations (Wittgenstein, 1958), Wittgenstein rejects many

of the fundamental claims that he made in the Tractatus and presents a more

pragmatic view of language and meaning. The first part of Philosophical

Investigations, which is also the main part of the work, is written as a series of

remarks or paragraphs that are numbered chronologically. In the remainder of

this paper, paragraphs drawn from Philosophical Investigations are given as a

paragraph number prefaced by the letter P.

P23 [ . . . ] It is interesting to compare the multiplicity of the tools in

language and of the ways they are used, the multiplicity of kinds of

word and sentence, with what logicians have said about the structure

of language. (Including the author of the Tractatus Logico-

Philosophicus.)

The main idea of the Philosophical Investigations is that ‘‘the meaning of a

word is its use in language’’ (P43). Hence, a word or phrase does not

automatically carry a given meaning. This meaning is associated with the

word only through the use of the word in language, that is in the way it is

intended or understood. In turn, the way a word is intended and the way it is

understood are not necessarily the same thing.

P508 I say the sentence: ‘‘The weather is fine’’; but the words are after all

arbitrary signs – so let’s put ‘‘a b c d’’ in their place. But now when I

read this, I can’t connect it straight away with the above sense. – I

am not used, I might say, to saying ‘‘a’’ instead of ‘‘the’’, ‘‘b’’

instead of ‘‘weather’’, etc. But I don’t mean by that that I am not

used to making an immediate association between the word ‘‘the’’

and ‘‘a’’, but that I am not used to using ‘‘a’’ in the place of ‘‘the’’ –

and therefore in the sense of ‘‘the’’. (I have not mastered this

language.)

(I am not used to measuring temperatures on the Fahrenheit scale.

Hence such a measure of temperature ‘says’ nothing to me.)

Wittgenstein introduces the concept of language games as dynamic sets of

unwritten rules for the use of language features within different settings.

Through a series of rhetorical questions and examples, he shows that, given a

different set of rules or a different setting, much of what we take for granted
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about the relationship between language and meaning could be entirely

altered, as if we were playing a different language game.

5. UML AND OO-MODELS AS DIFFERENT

LANGUAGE GAMES

Any set of propositional signs used by a particular group of people for the

purpose of communicating or conveying meaning will count as a language

game. Data modeling and programming should therefore be considered as

language games, though rather specialized ones with quite rigid sets of rules to

control the use of the languages. They belong to a group of language games

that we call artificial languages. The main focus for Wittgenstein was the

group of language games referred to as natural languages. This latter group of

language games was his primary reason for rejecting the Tractatus as a theory

for describing languages.

OO-modeling introduces the student to new language games on two different

levels: UML as a language for making data models, and each data model as a

language for describing a given Universe of Discourse. The artificial language

of UML makes up a grammar in terms of boxes, lines, and other tools for

designing a data model. This is a highly specialized artificial language game

that belongs to the community of System Engineers. Students have to learn the

game by first being told its ground rules and then gradually internalizing the

needed skills through practicing the language game in interaction with other

practitioners (e.g., teacher and fellow students) (Lave & Wenger, 1991).

The idea that data modeling methodologies and programming languages

are substantially different from natural languages is usually covered well in

the traditional CS classroom. What tends to be overlooked, and what is

probably not sufficiently appreciated even by skilled practitioners, is the

parallel issue of particular data models as locally functioning languages for

the problem at hand. This means that for each new data model, a new language

game is generated in which the meaning of the different terms or labels must

be defined. At this level, these language games are more closely related to, or

influenced by, natural languages. The participants’ prior linguistic knowledge

has a strong impact on the terms they choose to denote the different

phenomena and associations in the data model. While an OO-model is, strictly

speaking, an artificial language, it also has features of and uses concepts from

natural languages. This can be illustrated in terms of a Venn diagram by
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recognizing that the language game of a particular data model is located in the

overlapping section between artificial and natural languages (Fig. 1).

6. IMPLICATIONS FOR TEACHING

In this section I discuss the learning demands (Leach & Scott, 2002) inherent

from the preceding analysis and focus on the teachers’ role in helping students

to meet these demands.

6.1. Relationship Between Term and Meaning
A key principle in OO-modeling as well as for other programming languages

is that each element of the model must be given a name or label and that the

meaning of this labeling term should be uniform and unambiguous. When we

use natural language, however, the recipient interprets our utterances from a

given context. We can therefore use different words for the same meaning or

can have the same word mean different things. Our use of words and the

corresponding meanings depend on the language game within which we

operate. According to the Philosophical Investigations there is no one-to-one

correspondence between term and meaning, regardless of context. Instead,

this is a question of automatic connections that are made unconsciously by

each individual. Thus, mutual understanding is based on the context of the

conversation and on each participant’s experience in using language within the

given language game.

P601 When I talk about this table, – am I remembering that this object is

called a ‘‘table’’?

Fig. 1. A particular OO-model represents an artificial language game, but simultaneously
incorporates several features of natural language games.
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The use of words within a familiar language game is highly automatic. A

skilled participant of a language game does not explicitly make the

association between term and meaning. This is true for the person forming a

proposition as well as for the person perceiving it, whether or not they have

the same understanding of the meaning. In contrast, with OO-modeling

there is continuous generation of new language games, each with a new set

of correspondences between term and meaning. This results in the constant

need for adaptation and learning. As already mentioned, ‘‘the meaning of a

word is its use in language’’ (P43). For data models this implies that the

terms derive their meanings from the way they are used in relationships to

other phenomena that are labeled by other terms. Thus, the context for this

game is given by the relationships between the different classes or objects of

the data model.

Usually terms are adopted from natural language and used as far as pos-

sible to denote objects or groups of objects that resemble the meaning of the

term in a natural language game. However, the sense-impression connected

with a given term used in a data model does not always correspond to the

meaning defined for this term in the language game that the model represents.

P355 The point here is not that our sense-impressions can lie, but that we

understand their language. (And that language like any other is

founded on convention.)

Recall the claim that one strength of OO-modeling is the closeness of OO-

thinking to natural thinking. This claim bears a remarkable resemblance to the

relationship between thought and propositional signs presented in the

following postulate of the Tractatus:

T3.2: In a proposition a thought can be expressed in such a way that

elements of the propositional sign correspond to the objects of the

thought.

If this was the case, we would have the one-to-one correspondence between

term and meaning that enables us to describe a part of the world in data

modeling. Unfortunately this does not hold.

6.2. The Problem of Ambiguity in Natural Languages
As Wittgenstein himself pointed out (Wittgenstein, 1958), the idealized

postulates from the Tractatus do not hold for natural languages. Language in
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itself can never provide a one-to-one correspondence, neither with the

referential world nor with the human thought of this world. This contradicts

the traditional view of the relationship between language and meaning. In fact,

Wittgenstein only realized this discrepancy several years after writing the

Tractatus, which led him to dispute his original theory in Philosophical

Investigations. This radical change in his thinking over time suggests how

difficult it is to understand that natural language and natural thinking are

neither logically perfect nor unambiguous. This underscores the need for

careful attention while teaching the concepts of OO-modeling and program-

ming so students come to understand the differing natures of the language

games they are learning to use and construct.

6.3. Learning UML
From a sociocultural perspective, knowledge is described as the ability to

participate in different practices. The rules of language games must be learned

through observation of, and participation with, other individuals engaged in

these language games, especially more skilled practitioners (Hennessy, 1993;

Wenger, 1998; Wood, Bruner, & Ross, 1976). In our case, this means inter-

nalizing or appropriating the rules of the language games of data modeling or

computer programming.

P54 [ . . . ] One learns the game by watching how others play. [ . . . ]
P340 One cannot guess how a word functions. One has to look at its

use and learn from that. But the difficulty is to remove the

prejudice, which stands in the way of doing this. It is not a stupid

prejudice.

In the context of OO-modeling and programming, these prejudices refer to

students’ prior understandings of the general relationship between language

and meaning as well as the connotations of single terms.

Learning the language game of a particular OO-model can be described as

familiarizing oneself with the meanings of the terms in question. Intuition

alone is not sufficient for determining these meanings. The conventions of a

given data model may even be counterintuitive. The connection between term

and meaning does not function automatically in such a setting. To agree upon

meaning, participants must offer one another explicit definitions and

explanations. This is a much different scenario than that encountered while

learning and using natural language, where mutual understanding is based on

intuition and experience.
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6.4. Suggestions for Teaching
As presented in this paper, the learning demand of data modeling is

epistemological in nature. Students must first realize that language as they

know it is ambiguous by nature and that what they mean by a single word

or a detached phrase may well be misunderstood. Next, students must

become aware of the difference between their everyday use of language and

the way they need to use it when applying the same terms to phenomena or

relationships in a data model. A pedagogical approach that can help

students achieve this is to focus on the pragmatics of natural language. A

learning sequence designed to bring forth these ideas could proceed as

follows:

1. Each student develops several propositions or pieces of text that are

ambiguous and that they predict will be misunderstood by a recipient.

2. Next, each student develops several propositions or pieces of text that they

predict are so clear that no one can misinterpret them.

3. When tasks 1 and 2 are complete, organize the students in small groups to

critique one another’s ambiguous and unambiguous descriptions.

4. To end the exercise, ask each group to share their observations with

everyone in the class. This should lead the students to the conclusion

that in order to avoid misunderstanding, terms and sentences must be

explicitly explained and defined.

Later in the teaching period, when students have some modeling

experience, the instructor can ask them to solve a modeling problem without

using any terms that they can find in a dictionary. This restriction would apply

to the names they can choose for classes as well as the names for attributes and

associations. The aim of such an exercise would be to demonstrate to what

extent we depend on our preknowledge of the meaning of the terms we use in a

data model. It should serve nicely as backdrop for a subsequent discussion

about the implications of such dependence on natural language knowledge.

Another useful activity is to have students interchange names between

classes of objects and then assign attributes. An example that can serve as

background for the discussion is Vygotsky’s statement about ‘‘whether a cow

still has horns if we call dogs for ‘cows’’’ (Vygotsky, 1986: 222–223). This

example can help students think about how a term’s connotations influence the

attributes and associations assigned to a class in a data model.

Further inspiration for the design of teaching sequences can be found in

the material presented in Philosophical Investigations (Wittgenstein, 1958).
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Several passages could be directly introduced as learning material, at least for

students at college level. The interested reader could consider paragraphs P47,

P48, P73, P74, and P508 of Philosophical Investigations for ideas. Such

passages challenge students’ existing conceptions of language and provide

excellent starting points for discussion.

7. WIDENING THE PERSPECTIVE

I have shown how UML class diagrams can fulfill the general criteria for a

logically perfect language as described in Wittgenstein’s Tractatus. The

analogy also seems relevant in working with OO-programming languages

since these are designed to implement OO-models. This relationship

probably also holds for other artificial context-free languages within

Computer Science as well as in other domains. Although later criticized

both by himself and others, the Tractatus, published in 1921, presented not

only a philosophical treatise, but also contributed to what was at that time the

unknown field of Computer Science. The ideas in Tractatus provided a

generalized set of criteria for the mathematical analysis of stringent, context-

free languages. Today, the use of logic and mathematical reasoning to

decompose and prove computer programs and programming language

features is part of formal methods, an important field of research within

Computer Science.

7.1. Relations to Previous Work and Thoughts
for Future Research
In a recent study of procedural versus OO strategies, Corritore and

Wiedenbeck (2001) show that while both procedural and OO-programmers

use bottom-up strategies when coding, only OO-modelers use a top-down

problem-solving approach. This, coupled with the common assumption

that top-down problem-solving strategies are more natural (D�eetienne,

2002), could explain why OO-thinking is often viewed as being more

natural.

Further support for this view comes from studies that focus on the benefits

of having programming languages closely match natural language (Pane

et al., 2001; Petre, 1990; Shneiderman, 1980). At the same time, other
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researchers have shown that closeness to natural language can create

problems, especially for novices (Bonar & Soloway, 1985; Holmboe, 2005).

When using a context-free language like UML, or indeed any programming

language, we can no longer depend on others to interpret what we mean

based on experience and context. The ultimate recipient is a computer, which

has no innate interpretive skills. Indeed, novices in particular may be so

accustomed to the pragmatism of natural language communication that they

forget this limitation and expect the computer to ‘‘think’’ and ‘‘interpret’’

what they ‘‘say’’ in the same way that people do. This is what Pea has called

the superbug of novice programming (Pea, 1986). These results point out the

linguistic confusion that can occur when users of natural languages attempt

to learn artificial context-free languages such as programming languages or

data modeling methodologies. A plausible explanation is that the

participants (i.e., the students or novices) do not realize that they must play

different language games from the ones they use in everyday discourse. The

participants are probably not even aware that different language games exist.

They might furthermore be misled by the fact that the artificial languages

they are learning use English terms that they already know from natural

language. All of these factors contribute to the difficulty of finding the

balance between the stringent demands of a logically perfect language and

the use of natural language.

The points in this paper suggest several paths for further investigation.

One obvious approach would be to study the effect of applying some of the

strategies introduced earlier while teaching OO concepts. A careful qual-

itative analysis of student interactions would provide insights into how and

why they use language and terminology when modeling or programming.

The main focus for such an analysis could be the linguistic consciousness

revealed by the discursive interactions of students engaging in natural

problem-solving activities. It would also be informative to see how pro-

fessional software and system developers handle the issues discussed in this

paper. It seems likely that professionals have already overcome the linguistic

obstacles described earlier, making them better equipped to distinguish

between a variable name and the everyday meaning of the term chosen to

denote the variable. Discovering when and how this cognitive development

occurs would provide useful insights into the learning processes involved and

might suggest teaching approaches that can facilitate such development at an

earlier stage.
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8. CONCLUSIONS

This paper has demonstrated how ideas from the field of linguistic philosophy

can provide valuable insights for the computer science education research

community. I have also shown that these ideas can provide valuable insights

for how to teach object-oriented thinking and modeling as well as

programming in general.

A key point of this paper is that in his later work (Wittgenstein, 1958),

Wittgenstein became one of the main critics of the theories he presented

in his earlier writings, the Tractatus Logico-Philosophicus (Wittgenstein,

1961). In the years between 1921 and 1958, Wittgenstein came to realize

that language and meaning are constructed in social practices rather than

from mathematical logical reasoning. He had come to see that there are

an uncountable number of coexisting language games in which words

and propositions may carry different meanings. This view of language

as different games reveals dissimilarities between natural languages and

artificial context-free languages such as UML and programming languages.

The sum of these differences leads to the conclusion that OO-thinking and

modeling are quite different from natural thinking and language use. At the

same time, while each particular data model represents an artificial language

game, it is informed by and uses concepts from natural language. The failure

to acknowledge this duality might be one reason why evidence has shown

that OO-modeling appears to be more difficult to learn than might be

expected.

The ideas presented earlier have led me to believe that a focus on the

learning demands identified in this paper would alleviate some difficulties

described in previous research on teaching and learning computer science

concepts. This would aid students in acquiring sufficient linguistic

consciousness to realize that different sets of rules apply to the new language

games in which they are about to become players.
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