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Abstract

The adoption of object-oriented technology (OOT) has greatly increased over the past decade and it could now be regarded as the dominant software technology. It has been argued that software development has become too complex for structured methodologies to handle and the advantages of using OOT in software design has been highly appreciated. This results in a growing interest in empirically investigating object-oriented technology. Over the decades, there have been a total of 18 such experiments, this paper reviews these studies with the twin aims of, first, assessing what has been learnt about OOT and second, what has been learnt about conducting experimental work.
1    Introduction 
As the importance of adopting object-oriented technology in software architecture grows, there follows a growing interest in empirical evaluation. In recent years various researchers have conducted a range of experiments and empirical studies attempting to evaluate the practical benefits, drawbacks and other aspects of OOT. In this paper, the author summarized the recent developments and issues in OO architecture, namely, inheritance, object composition, design patterns and frameworks, since many experiments have focused upon class inheritance. Next the author described and reviewed the 18 published experimental works in the field of OOT. These experiments were grouped into 
five categories:

Comparing OO with structured technology

Exploration of OO design principles

Exploration of design patters

Exploration of inspection techniques

Exploration of class inheritance

Finally, the paper concludes by discussing the current state of play in empirical evaluation and identifies potentially fruitful avenues for further investigation.
2 Related Lecture Topics
The following shows the various lecture topics related to this paper. 

· Inheritance
It is a class-based relationship best used to capture the ‘kind-of’ relationship between classes. It can be considered as a mechanism for extending an application’s functionality by reusing functionality in parent classes. Since some classes have common attributes and operations, it is pointless to define each such class but instead we need to define only the super classes while the subclasses ‘inherit’ all properties of the super class. Generally speaking, reuse is the major motivation for inheritance.
There are also disadvantages with inheritance:
· The hierarchy becomes a compromise between classification and implementation purposes.

· There is a strong coupling between super class and subclass.

· Implementation dependencies between parent and child classes limit flexibility and ultimately reusability.
· Object composition
It is an alternative to class inheritance. Composition and aggregation are two kinds of whole-part associations. New functionality is obtained by assembling or composing objects to get more complex functionality.
Comparing with inheritance, composition has the following advantages:

· It produces black-box implementations which are much easier to maintain than the white box implementations commonly associated with misused inheritance.

· It forces objects to respect each other’s interface hence encapsulation is not broken.

· Classes implementation are kept small and focused on one task.

· It allows having multiple instances of used classes, which isn’t possible with inheritance.

· Design patterns
Design patterns provide a means for capturing knowledge about problems and successful solutions in software development making it easier to reuse successful designs. It helps a designer get a design right faster, thus reducing the effort required to produce systems that are more effective and more flexible. The use of patterns is essentially a form of reuse of well-established good ideas.
3 Contribution to the field of software engineering

Over decades, the object-oriented technology is of growing importance in software design. Presently, however, the questions about the extent to which OOT has fulfilled its promises are answered more by intuitive feelings and anecdotal evidence, than by empirical and quantitative evidence. Based on this phenomenon, the author reviews 18 experiments in history. The findings however show that good examples of solid experimentation in computer science are comparatively rare. Some of these works were biased. Moreover, much work has focused on the evaluation of the inheritance mechanism while the other important mechanism such as composition, frameworks, design patterns were paid little attentions. These observations provide good foundation for the design of further experiments and calls for that empirical researchers need to ensure that their work keeps pace with technological development in the fields they aim to investigate.
4    Elaboration of Techniques 

This paper aims to describe and analyze the empirical experiments, so there were no new algorithms or theory used, however the principle and processes the author used in describing and analyzing an experiment provided us good understanding and examples to conduct and analyze future experiments.
· Identification of relevant experiments
In history, there were totally 27 pieces of relevant works done to evaluate the metrics of OOT. The author, however only recognized 18 as those of interest. This is done by differentiate experiments from case studies. An experiment is considered to be a controlled empirical investigation into some phenomenon with a clearly stated hypothesis and random allocation of subjects to different treatments. It can be more easily generalized than those of a case study, and it provides the investigator with a much greater degree of control.
· Classification of experiments
Based on the most common features and mechanisms associated with OOT, the experiments were grouped into five categories:

Comparing OO with structured technology

Exploration of class inheritance 

Exploration of OO design principles

Exploration of design patters

Exploration of inspection techniques

The first two categories were considered of higher priority and more significant. This is because the issues of whether OOT is more beneficial than procedural technology and the advantages of using class inheritance are of greater interest and more argumentative to investigators.
· Analysis of experiments
To aid comparison of the reviewed experiments, the author presents them using a framework suggested by Wohlin et al (2000). For each of these experiments, the following formal terminologies for describing the components of an experiment are used:
Object of study
It is the entity that is studied in the experiment. They can be products, processes, resources, models, metrics or theories.

Treatment

It is the different activities, methods or tools we wish to compare or evaluate.

Control

When we are comparing using a treatment with not using it, a control must be established, which provides a benchmark.

Trial

A trial is an individual test run, where only one treatment is used.

Experiment subjects

They are the people applying treatment.

Response
Also named as dependent variables are those factors that expected to change or differ as a result of applying the treatment.
State

Also named as independent variables that may influence the application of a treatment and thus indirectly the result of the experiment.

Criteria

It is used for measuring and judging effects need to be defined, as well as methods for obtaining the measures.
5    Related work published
	Author(s)
	Year
	Article
	Description
	How does it related

	Abreu, F
Melo, W
	1996
	Evaluating the Impact of Object-Oriented Design on Software Quality
	Summarizes and analyses how OO design contributes to software engineering.
	Provides a good understanding of OOT vs. structured technology.

	Cartwright, M
	1998
	An empirical view of inheritance. Information and Software Technology
	Evaluate how class inheritance is used in software technology, discuss what are the benefits and drawbacks.
	Supports some of experiments’ results discussed in the paper and author’s argument.


6   Relation to my lab project

 My lab project is constructing an e-auction system which allows users to bid for the items online. The techniques discussed in this paper are not of a direct relevance to my lab project. However, by investigating the 18 experiments associated with OOT, the author provides us a view that the OO paradigm is still of growing importance. Besides the OO mechanism inheritance, the other mechanism—composition is of equal significance and sometimes, inheritance might be used in limited contexts in favor of composition.
In the analysis and design of our project, we choose OO approach rather than functional approach. This is based on the nature of our project since in the system, the database, the item and the user can be classified as various classes each has its distinct attributes and services and moreover, relations lies in these classes. i.e.: buyer and seller are subclass of user; item and user are part of database. Inheritance and composition mechanism are both employed which ensure the flexibility and reuse of our design.
7   Possible extensions

This paper reviews the 18 experiments associated with object-oriented technology, which in turn, categorized into five groups, namely, Comparing OO with structured technology, Exploration of OO design principles, Exploration of design patters, Exploration of inspection techniques and Exploration of class inheritance. Many out of 18 of these experiments aim to evaluate the metrics of class inheritance. This is because the popularity of this mechanism used in   OO design. However, the inheritance mechanism cannot provide a whole picture of the OOT. In fact, there are many cases in which other mechanism, say composition may be more suitable. Therefore, the researchers in the future may need to conduct more such experiments in assisting with such mechanisms.
8   Comments on notations/diagrams

There are no notations and diagrams used in this paper. However, the analysis of 18 experiment associated with OOT should be considered as an extensive work. So in my opinion, it would be better to provide tables to group these experiments, to compare the purposes, methods and results. Bar charts and line charts can also be used when describing data used or found in these work. Visual aids will make the explanation more appealing.
9 Validation and Expansion

The concepts about OOT that I learnt from this paper are in line with what I read in the lecture notes. In fact, this paper has given me a better understanding of the concept and also, a better appreciation of the application of various mechanisms like class inheritance, composition, and design patterns.
Any expansion of this paper, in my opinion should also conduct a review of historical experiments aiming to evaluate the mechanisms supporting procedural technology. Thus we can have an even better comparison between the two approaches in software engineering.
10   Comments 

· Software Project

The product specified by this paper was the experiments. By investigating into these historical experiments, we get a good understanding on how to conduct, evaluate and review future experiments whenever needed in providing evidence to a new algorithm or theory.
· Process

The basic process of conduction formal experiment described by this paper is: conception, design, preparation, execution, analysis, dissemination and decision-making.
· People

The people involved in the paper were experiment subjects. Students subjects were largely used in all the five categories. However, cumulative knowledge is likely to play a very important role in the design phase. Hence the author argued that the novice designers performing, usually with limited time, are not always the most appropriate subjects.
11   Comments on results

The article reviews 18 experiments associated with object-oriented technology.
These results have helped me better understand the concepts of object-oriented technology and provide me a good foundation of how to conduct a valid future experiment. 
12   Relevance to the immediate future

I feel that the review of experimental investigations into object-oriented technology should be a must for the software engineering. Intuition is not enough to evaluate the metrics of OOT, good empirical evidence needs also be backed up. This paper provides us a good foundation for the design of further experiments. In future, if we need to conduct any experiment, we can reduce the bias and get more correct results. In addition, by this review, our understanding of the benefits (or otherwise) of OO technology is enhanced. When we analyze or design any future projects, we are more certain about which mechanism is more suitable in a specific situation and hence we ensure the quality of the final product and the flexibility and reuse of the implementation. 
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