Senior Seminar, Spring 2010
Research/Hypothesis Lecture.

1. Oxford Concise Dictionary defines research as:
· research. 1.a. the systematic investigation into and study of materials, sources, etc, in order to establish facts and reach new conclusions. b. an endeavour to discover new or collate old facts etc by the scientific study of a subject or by a course of critical investigation. 

2. Basic structure of debate within a particular field – each contribution to the debate falls into one of three categories: 
· thesis
This presents the original statement of an idea.  Very few research contributions can claim total originality. Most borrow ideas from previous work, even if that research has been conducted in another discipline. 

· antithesis
This presents an argument to challenge a previous thesis. Typically, this argument may draw upon new sources of evidence and is typically of progress within a field. 

· synthesis
This seeks to form a new argument from existing sources. Typically, a synthesis might resolve the apparent contradiction between a thesis and an antithesis. 

     Example: the debate over prototyping. 
Some authors argued that prototypes provide a useful means of generating and evaluating new designs early in the development process (thesis). 
Others presented evidence against this hypothesis by suggesting that clients often choose features of the prototyping environment without considering possible alternatives (antithesis). 
A third group of researchers have, therefore, developed techniques that are intended to reduce bias towards features of prototyping environments (synthesis) 
Research in a field progresses through the application of methods to prove, refute and reassess arguments in this manner. 
3. Models of Argument 
· implementation driven research
This approach progresses by iteratively building better and better systems. 

Two main failings: 
a. if the system fails then you may have gained few insights into the basic research question. The failure may be more due to the limitations of the implementation than to the idea itself. 
b. it can be difficult to generalize from a specific system to generic principles. 
Main advantage: 

Iterative refinement can be used to move an implementation gradually towards some desired solution. Evidence elicited during previous failed attempts can be used to better define the goal of the research as the work progresses. 
This approach has much in common with current engineering practice. The key issue is that the iterative development of an artifact requires a method or structure. Engineers need to carefully plan ways in which the faults found in one iteration can be fed back into subsequent development. 
Thus, it is important that testing techniques based upon other models of scientific argument are used. 

· mathematical proof techniques
This approach uses formal proofs to reason about the validity of a hypothesis given some evidence. 

Example: mathematical reasoning can be used to demonstrate that an algorithm can cover all possible input cases. 

Limitations: 
The mathematical abstractions used in a proof can be too abstract or generic so that they completely ignore critical issues that must be considered during the implementation of a particular system. 
More accurate mathematical models can become too complex.

· empirical analysis
This approach follows a clearly laid out sequence of steps: 
hypothesis – methods - results - conclusion. 
Statistical measures are often used to determine whether an experiment actually supports a hypothesis. 

Problem with this approach: the environment must be carefully controlled if the results of an evaluation are to be trusted. 
· observational studies
This approach analyses the utility of a system in its eventual context of use. 

Example, the success or failure of a new programming language can only be assessed after real programmers are trained to use the system and then on a real project. This is the only way to assess the impact of working pressures, deadlines and financial constraints. 

Limitations with this approach: 
a. It can be extremely undirected. E.g., there is no way of forcing the users to recreate particular error conditions if researchers want to observe the performance of their system in those conditions.

b. Observational studies depend upon the analysts’ personal ability to read and interpret the events in the working environment, and on the “correct” environment being set up. E.g., many users may react differently if they know that they are being observed. 

Empirical Analysis or the “Scientific Method”
The Western empirical tradition has produced the most dominant research model since the seventeenth century. 
Four main components:
· Hypothesis generation
Explicitly identifies the ideas that are to be tested by the research. 

· Method identification
Explicitly identifies the techniques that will be used in order to establish the hypothesis. 

It should be possible for one's peers to review and criticize the appropriateness of the methods that you have chosen. The ability to repeat an experiment is a key feature of strong empirical research. 

· Result compilation
Presents and compiles the results that have been gathered from following the method. 

An important concept here is that of statistical significance; whether or not the observed results could be due to chance rather than an observable effect. 

· Conclusion
States conclusions either as supporting the hypothesis or rejecting it. 

Results that do not support a hypothesis may be due to a weakness in the method. Conversely, successful results may be based upon incorrect assumptions. Hence, it is vital that all details of a method are made available to peer review. 

Generating a “good” hypothesis:

1. Hypotheses based on observations from
– prior research

– observed phenomena
    The observations may consists of identifying flaws in prior research

2. Hypothesis may present a

– tentative explanation of a phenomenon

– predictive explanation of an outcome under certain conditions
3. A good hypothesis can be tested experimentally.

Note: Experiments are designed to support or refute a hypothesis.
A hypothesis is rarely proved.
Whether an experiment adequately supports a hypothesis is a matter of opinion.
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