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#@>GB8B5 B5:AB0, =0?8H8B5 @5D5@0B =0 53> >A=>25. 
THE SCIENTIFIC METHOD 

8Hypotheses,9 said Medawar in 1964,8are imaginative and inspirational in character9; they 
are 8adventures of the mind9. He was arguing in favour of the position taken by Karl Popper in 
The Logic of Scientific Discovery (1972, 3rd edition) that the nature of scientific method is 
hypothetico-deductive and not, as is generally believed, inductive.  

It is essential that you, as an intending researcher, understand the difference between 
these two interpretations of the research process so that you do not become discouraged or begin 
to suffer from a feeling of 8cheating9 or not going about it the right way.  

The myth of scientific method is that it is inductive: that the formulation of scientific 
theory starts with the basic, raw evidence of the senses - simple, unbiased, unprejudiced 
observation. starts with the basic, raw evidence of the senses - simple, unbiased, unprejudiced 
observation. Out of these sensory data - commonly referred to as 8facts9 3 generalizations will 
form. The myth is that from a disorderly array of factual information an orderly, relevant theory 
will somehow emerge. However, the starting point of induction is an impossible one.  

There is no such thing as an unbiased observation. Every act of observation we make is a 
function of what we have seen or otherwise experienced in the past. All scientific work of an 
experimental or exploratory nature starts with some expectation about the outcome. This 
expectation is a hypothesis. Hypotheses provide the initiative and incentive for the inquiry and 
influence the method. It is in the light of an expectation that some observations are held to be 
relevant and some irrelevant, that one methodology is chosen and others discarded, that some 
experiments are conducted and others are not. Where is, your naive, pure and objective 
researcher now?  

Hypotheses arise by guesswork, or by inspiration, but having been formulated they can 
and must be tested rigorously, using the appropriate methodology. If the predictions you make as 
a result of deducing certain consequences from your hypothesis are not shown to be correct then 
you discard or modify your hypothesis. If the predictions turn out to be correct then your 
hypothesis has been supported and may be retained until such time as some further test shows it 
not to be correct. Once you have arrived at your hypothesis, which is a product of your 



imagination, you then proceed to a strictly logical and rigorous process, based upon deductive 
argument 4 hence the term 8hypothetico-deductive9.  

So don9t worry if you have some idea of what your results will tell you before you even 
begin to collect data; there are no scientists in existence who really wait until they have all the 
evidence in front of them before they try to work out what it might possibly mean. The closest 
we ever get to this situation is when something happens by accident; but even then the researcher 
has to formulate a hypothesis to be tested before being sure that, for example, a mold might 
prove to be a successful antidote to bacterial infection.  

The myth of scientific method is not only that it is inductive (which we have seen is 
incorrect) but also that the hypothetico-deductive method proceeds in a step-by-step, inevitable 
fashion. The hypothetico-deductive method describes the logical approach to much research 
work, but it does not describe the psychological behaviour that brings it about. This is much 
more holistic involving guesses, reworkings, corrections, blind alleys and above all inspiration, 
in the deductive as well as the hypothetic component -than is immediately apparent from reading 
the final thesis or published papers. These have been, quite properly, organised into a more serial, 
logical order so that the worth of the output may be evaluated independently of the behavioural 
processes by which it was obtained. It is the difference, for example between the academic 
papers with which Crick and Watson demonstrated the structure of the DNA molecule and the 
fascinating book The Double Helix in which Watson (1968) described how they did it. From this 
point of view, 8scientific method9 may more usefully be thought of as a way of writing up 
research rather than as a way of carrying it out. 
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&5:AB 1. The rapid advances in information technology that drive many sectors of the 

U.S. economy could stall unless the nation aggressively pursues fundamental research and 
development of parallel computing 4 hardware and software that enable multiple computing 
activities to process simultaneously, says a new report by the National Research Council. Better 
options for managing power consumption in computers will also be essential for continued 
improvements in IT performance. For many decades, advances in single-processor, sequential 
computer microprocessors have enabled computing performance to increase dramatically 4 on 
the order of 10,000 times in the last 20 years alone. However, power management and other 
technological limitations have made it impractical to continue improving computer performance 
in this way much longer. Parallel computing, therefore, is the only known alternative for 
improving computer performance without significantly increasing costs and energy usage, the 
report says. "The societal and economic impact of computer technology is undeniable, increasing 
productivity and efficiency and fostering innovation in medicine, defense, entertainment, and 
communications," said Samuel H. Fuller, chief technology officer and vice president of research 
and development for Analog Devices Inc., Norwood, Mass., and chair of the committee that 
wrote the report. "To ensure that computing systems continue to double in performance every 
few years, we need to make significant changes in computer software and hardware. Investing in 
research and development of parallel computing offers a clear path forward."  

http://www.sciencedaily.eom/releases/2010/12/101216111552.htm 

 

&5:AB 2. Researchers at Carnegie Mellon University's School of Computer Science have 
developed a new method for systematically identifying bugs in aircraft collision avoidance 
systems, high speed train controls and other complex, computer-controlled devices, collectively 



known as cyber-physical systems (CPS). The approach, developed by University Professor of 
Computer Science Edmund M. Clarke and Andre Platzer, assistant professor of computer 
science, already has detected a flaw in aircraft collision avoidance maneuvers 4 since corrected 
4 that could have caused mid-air collisions. It also has verified the soundness of the European 
Train Control System. Ultimately, the method could be used on other cyber-physical systems, 
such as robotic surgery devices and nano-level manufacturing equipment. "Engineers 
increasingly are relying on computers to improve the safety and precision of physical systems 
that must interact with the real world, whether they be adaptive cruise controls in automobiles or 
machines that monitor critically ill patients," Clarke said. "With systems becoming more and 
more complex, mere trial-and-error testing is unlikely to detect subtle problems in system design 
that can cause disastrous malfunctions. Our method is the first that problems in system design 
that can cause disastrous malfunctions. Our method is the first that can prove these complex 
cyber-physical systems operate as intended, or else generate counterexamples of how they can 
fail using computer simulation." In the ease of aircraft collision avoidance systems, for instance, 
Platzer and Clarke used their method to analyze so-called roundabout maneuvers. When two 
aircraft are on rapidly converging paths, one technique for avoiding collisions is for the system to 
order each pilot to turn right and then circle to the left until the aircraft can safely turn right again 
to resume their original paths. It's as if the aircraft are following a large traffic circle, or rotary, in 
the sky. But analysis by the Carnegie Mellon researchers identified a counterexample: when 
aircraft approach each other at certain angles, the roundabout maneuver actually creates a new 
collision course  
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THE TECHNOLOGY OF TRUST 

Why do people fall victim to internet fraud? 

A few weeks ago, some British friends told me that they would be coming to New York 
for a holiday and needed a place to stay. Since my own apartment was already full with extended 
family, I suggested they look on the internet - and they duly booked one of their own. It seemed 
ideal, at least in cyberspace: a mid-town address, a reasonable rental price and spacious rooms. I 
guess I should have checked it out, being on the spot, but these friends are by no means 
uninitiated first-time travellers and it never occurred to me to intervene. Anyway, the booking 
turned out to be an internet fraud perpetrated by a man named Lester Gold. It is a sobering tale 
on several levels, not least in that we'd all been caught off-guard. Indeed, since this particular 
fraudster struck, I have been regaled with a host of similar tales: such scams, it seems, are far 
from uncommon here. No surprise, perhaps, given the city's sky-high hotel prices, tourist influx 
3 and the presence of platforms which have no liability for what is advertised or posted there.  

But amid such scepticism, what is notable is the extent to which our faith in technology 
remains so high. According to one recent 18-country survey, public confidence in banks, 
government and most business has tumbled in recent years, whilst faith in technology has 
remained entirely steady. And whereas financial analysts, CEOs and government officials used to 
be considered reliable sources of information, these days 'a person like yourself' or 'a regular 
employee' commands more trust. Vertical trust, it seems, has been replaced by a horizontal slant, 
as the public turns to their peer group for advice, via social-networking sites. To put it another 
way, while we no longer have faith in bankers, bureaucrats or estate agents, we are taking leaps 
of faith with our tablets and smart phones. This horizontal trust does not, in itself, cause people 
to be swindled. For every gullible internet user out there, there are also dozens of others who are 
profoundly savvy. 

Nevertheless, the numbers are thought-provoking, even in hard-nosed, cynical New York. 
According to data compiled by the Internet Crime Complaint Center, in 2010 there were 14,689 
cases of reported cyber fraud in the state of New York, which created $26.5111 worth of losses, 
with an average swindle of $700. This was a so fraction lower than the previous year, but more 
than double the level five years previously. Just over 20 percent of these frauds were for 'non-
delivery of merchandise' (such as paying for a flat that never existed), while 18 percent of the 
losses were linked to identity theft, 13 percent to auction fraud and 8 percent to credit-card fraud. 
And while some of those duped were tourists, particularly from Canada, the UK, Australia and 
India, the majority were Americans, often New Yorkers themselves. It seems we are all prone to 
let down our guard online - probably because the sheer intimacy of the medium makes it feel 
seductively familiar, there is an implicit temptation to trust. Of course, for my friends who 
suffered at the hands of Lester Gold, that trust is now shattered. The New York Police 
Department has disabused them of the idea that contacting the bank that handled the fraudster's 
account would be a fruitful avenue to pursue, suggesting that their best bet is to analyse the 
geographical source of the original internet postings (in this case Wisconsin), file a report with 
the police 3 and then lick their wounds. 

In the meantime, however, this particular family has made an intriguing discovery. 
Precisely because these rental frauds keep happening, a class of companies is now springing up 
that try to offer a new form of security. Groups have emerged in the past few years to match 
online renters and proprietors - but via a central platform that forces everyone to post a set of 



videos, pictures and details online. The idea appears to be that if humans can connect face-to-
face, via cyberspace, this will create new forms of trust. It is a fascinating example of the way 
that seemingly impersonal, dehumanizing technology keeps dancing with 'the social'; and, of 
course, it is also a very cheering sign of the adaptive capabilities of free-market capital ism and 
entrepreneurs. Better still, I am pleased to say that these new systems work. My friends are now 
happily ensconced in a Brooklyn rental, after Skyping with the property owner 3 even as 'Lester 
Gold' is probably hunting for his next victims. 
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