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Abstract: Object-oriented programming is a
widely known paradigm, supported in many modern programming languages, and is commonly associated with maintainable and understandable programs. To understand what makes up this paradigm
and its effect on maintenance and understandability,
we conducted a literature survey. Surprisingly, we
found that object-oriented programming encompasses
diverse sets of features and that there is no consensus on what features are necessary to unambiguously
define object-oriented programming. We show that
it is difficult to define object-oriented programming,
but suggest that this lack of a consensual definition
might actually have been the reason for the success
of object-oriented programming in modern programming languages.
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The term object-oriented was coined by Alan Kay,
who integrated ideas from Simula [3] into Smalltalk.
When Kay was informally asked to provide a canonical definition of object-oriented programming, he answered: ”OOP to me means only messaging, local retention and protection and hiding of state-process, and
extreme late-binding of all things.” [9]. This forms a
stark contrast to the definition of Wegner [15], who
defines object-oriented programming languages as all
languages that support objects and provide classes
and inheritance. This chasm is further substantiated
by other authors as summarized in Table 1. Classes
are used to build objects, uniformity means “Everything is an object”, inheritance arranges classes into
parent-child hierarchies, messaging is a metaphor for
interaction between objects, state is objects’ capability to hold on to computed results, encapsulation
refers to the idea that access to state should isolated,
and (subtype) polymorphism allows for objects substitutions.
There is more to each concept, and the authors’
valuations of these features are more subtle in the
original papers; for brevity we classify them as essential (+), or non-essential (-) to define object-oriented
programming.

Introduction

One explanation for the success of the object-oriented
paradigm lies on its positive effect on maintainability
and understandability of source code. However, this
relationship is not easily understood, because objectoriented programming looks different in every programming language, both syntactically and semantically. For example, classes are not essential to define
object-oriented programming (e.g., ECMAScript < v6
uses objects, but not classes). More differences can be
found between programming languages available today, and there appears to be no general consensus on
how to define the object-oriented paradigm. This is
problematic for researchers, practitioners and educators as it prevents them from evaluating the effects of
this paradigm on maintainability and understandability.
To assess how far the different perspectives on
object-oriented programming diverge, we conducted
a literature scoping review. We sought to answer the
following question:
What are the differences and similarities between authoritative definitions of the object-oriented
paradigm?
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Results

Table 1: Essential and non-essential object-oriented features by author

Classes
Uniformity
Inheritance
Messaging
State
Encapsulation
Polymorphism

+
Wegner [15]
Kay; Rentsch [9, 10]
Wegner [15]
Kay [9]
Wegner [15]
Rentsch [10]
Thomas [14]

West [16]
Stroustrup [13]
Gamma [4]
Wegner [15]
Cook [2]
Stefik [12]
Pierce [8]

In sum, the views differ and there is no agreement
on what object-oriented programming is. However,
its users seem to share a common goal: To create
reusable, and maintainable software. The different
technical features are believed to support the reduction of complexity, but there is disagreement which
features support this overarching goal. For example,
Thomas [14] outlines that inheritance means to reuse
code of existing classes, which improves maintainability, in that there is less code to maintain. However,
Gamma et al. [4] contest this idea and outline that inheritance breaks encapsulation and reduces the maintainability of software systems. They suggest to favor
composition over inheritance. In sum, it remains difficult to evaluate the impact of different features on

Method

We identified related publications from the databases
of ACM and IEEE, such as books, journal articles,
and conference submissions, as well as some gray literature. We included publications including the keywords object, and oriented in their titles and snowballed into relevant cited publications. We applied an
open card sorting strategy to score for relevance.
1

the maintainability of software systems.
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Discussion

We outlined several features that are in the focus
of ongoing discussions and conclude that internally,
object-oriented programming is not a uniform concept, but a set of different features, ideas and techniques that are easier to characterize than to define.
While the mechanisms used are negotiable, they
are embraced by the goal to create maintainable software. In the object-oriented view, maintainability is
supported by different mechanisms of reuse (e.g., polymorphism, composition), but also mechanisms of decoupling (e.g., encapsulation, messaging, uniformity),
in that aspects of the program are split into different
modules. The driver behind these concepts is comprehensibility. Software is created by humans who model
and encode aspects of a problem domain into computer programs. The mechanisms of comprehension
have been discussed in literature: Object encodings
match problem decompositions, and encapsulation is a
means of information hiding [7]. Compositional structures and the idea of encapsulation allow programmers
to create abstractions, and add meaning to programs
[11]. Only when programmers comprehend a program
are they capable to alter its functioning. If they do
not understand the program, they cannot assess the
effects of their alterations. Originally, objects were
invented to support program comprehension [3], but
today it is poorly understood if or how objects actually facilitate comprehension processes.
However, Cognitive Psychology offers some explanations: Objects are special in their capability to
stand in for entities from the real world. Aldrich [1]
calls them service abstractions and Kay outlines [5]
that objects may stand in for higher level behavioral
goals. Snyder [11] states that "objects provide services” and "all objects embody abstractions”. These
views indicate that objects are capable of representing
abstract things, such as behaviors, goals, or services,
and are not limited to representing physical things.
Thus, programmatic objects work as symbolic encodings, in that they pose as representations of categories,
or, in other words, objects are encodings of concepts.
Categories are collections of items in the world that
we choose to treat as equivalent for some purpose,
and concepts are representations of these categories.
Psychological research shows that people employ various strategies to form categories, for example, feature based (e.g., Birds: eagle, sparrow, penguin), goal
derived (e.g., Picnic food), relational (e.g., Competitions: war, chess, F1), role governed (e.g., Barriers:
membrane, roadblock, locked door), or thematic (e.g.,
Kitchen items: stove, chef, pan) [6]. Objects are capable of mimicking each of these strategies (e.g., inheritance mediates relation, classes can be used to categorize objects, and subtype polymorphism allows the
reuse of objects in different thematic or goal derived

contexts). In a nutshell, objects appear to be natural
but not in that they resemble physical entities, but
because they offer flexibility to encode a person’s conceptual understanding, and thus model and simulate
problems from the real world.
This might be one reason why object-oriented programs are linked with high maintainability and understandability: Since developers can map programmatic objects to real-world objects, they can integrate the properties and behavior of programmatic
objects to their existing knowledge of real-world objects, thereby using according skills, for example, to
manipulate them or categorize them.
To better understand the role of object orientation
for maintainability and understandability, we will
(1) extend the literature review by additional papers
and an automated approach to extract features
of object-oriented programming, and (2) conduct
studies with developers to evaluate whether their
mental representation of real-world objects and
programmatic objects is actually comparable.
Acknowledgements:
grant SI 2045/2-1.

Work supported by DFG

References
[1] J. Aldrich. The power of interoperability: Why objects
are inevitable. In SPLASH ’13, Indianapolis, IN, USA,
October 26-31, 2013, pages 101–116. ACM Press, 2013.
[2] W. R. Cook. On understanding data abstraction, revisited.
ACM SIGPLAN Notices, 44(10):557–572, 2009.
[3] O.-J. Dahl, B. Myrhaug, and K. Nygaard. SIMULA 67
Common Base Language, (Norwegian Computing Center.
Publication). 1968.
[4] E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design
Patterns: Elements of Reusable Object-oriented Software.
Addison-Wesley Longman Publishing Co., Inc., Boston,
MA, USA, 1995.
[5] A. C. Kay. The early history of smalltalk. SIGPLAN Not.,
28(3):69–95, 1993.
[6] A. B. Markman and J. R. Rein. The nature of mental
concepts. In D. Reisberg, editor, The Oxford Handbook of
Cognitive Psychology, chapter 21, pages 321–329. Oxford
University Press, Oxford, 2013.
[7] D. L. Parnas. On the criteria to be used in decomposing systems into modules. Communications of the ACM,
15(12):1053–1058, 1972.
[8] B. C. Pierce. Types and Programming Languages. The
MIT Press, 2002.
[9] S. Ram. Dr. alan kay on the meaning of ”object-oriented
programming”, 2003.
[10] T. Rentsch. Object oriented programming. SIGPLAN
Not., 17(9):51–57, 1982.
[11] A. Snyder. The essence of objects: Common concepts and
terminology. IEEE Software, 1993.
[12] M. Stefik and D. G. Bobrow. Object-oriented programming: Themes and variations. AI magazine, 6(4):40, 1985.
[13] B. Stroustrup. What is object-oriented programming?
IEEE Software, 5(3):10–20, 1988.
[14] D. A. Thomas. What’s in an object? BYTE Magazine,
1(5):231–240, 1989.
[15] P. Wegner. Dimensions of object-based language design. In
OOPSLA’87, Orlando, Florida, USA, October 4-8, 1987,
Proceedings., pages 168–182, 1987.
[16] D. West. Object Thinking. Microsoft Press, Redmond,
WA, USA, 2004.

