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Hypothesis
HYPOTHESIS
We are defining an hypothesis as an explanation put forward to explain a set of facts. 

The Characteristics of a Good Hypothesis 

1. It must explain, and not just paraphrase, eg. Why does alcohol cause drowsiness? Because when people drink they get sleepy.

2. It must explain all the facts, or it is wrong or only partly right.

3. It must not contradict itself, ie. it must be consistent.

4. It should be in accord with accepted principles, eg. the cat got onto the roof by floating upwards is not acceptable.

5. It must be simple and not far-fetched and exaggerated in order to explain all the facts. (Occam’s Razor)

6. The explanation should not be contentious and in much need of explanation as the original set of facts.

7. It must be testable, ie. capable of being tested. Popper denounced the adoption of Marx and Freud’s hypotheses as scientific theories as he realised that all history could be explained in terms of class struggle and that all human behaviour could be explained in terms of Freud. There were no tests they failed because no test actually tested them. Other  historical and psychological hypotheses explained all the data just as successfully.

8. It should be less complicated than what it explains.

9. It should be appropriate to its audience in terms and, if possible, concepts.

What is your hypothesis for: 1) Your preference for your favourite sport?

                                              2) The kind of people you normally like?

A Bad Hypothesis 

These gain acceptance because they are attractive.  Some people will only accept the hypothesis that reflects their own social or political bias, eg. sexism, racial prejudice etc. Some expound hypotheses that explain things the way they would like things to be.

Some people believe that everyone is manipulative so they explain human behaviour in this way. Others believe that people are genuine and come up with a completely different theory of human behaviour.

“Remember one ugly fact kills a beautiful Theory” (Thomas Huxley)

Einstein said that 99/100 of his proposed hypotheses were proved wrong.
THE EVALUATION OF HYPOTHESES 

An Expansion of Some Important Criteria

In evaluating an hypothesis as ‘good’, one must be careful to distinguish different senses of ‘good’. It could mean accurate, more closely approximating the truth, etc. It could mean appropriate for or acceptable by the present audience in the sense that, the audience finds the explanation intellectually satisfying. For example, the hypothesis that the sky is blue because the molecules of air partly polarize sunlight, scattering light of the blue wavelength is better (more accurate) than the hypothesis that the sky isn’t really blue, the air makes it look like that. However, the former hypothesis is not appropriate for those who know nothing of the wave nature of light whereas the latter hypothesis might be suitable. In what follows, care should be taken not to confuse these two senses of a ‘good’ or ‘better’ hypothesis.

1.
Testability
Any hypothesis must be testable by someone to have any explanatory power at all. If it can’t be tested, there is no way of evaluating its accuracy and the hypothesis cannot fulfil its role in the process of establishing explanations. The test need not be direct, it may be indirect.

2.
Consistency
This is often related to testability, because if a hypothesis is internally inconsistent it is not clear how to test it, or what would count as passing the test. Consider the following example. It used to be thought that there was a substance called ‘phlogiston’ that could be determined by subtracting the post-burn weight from the pre-burn weight. However, some substances

increase in weight when burnt. Theorists then modified the phlogiston hypothesis by suggesting that sometimes phlogiston has negative weight. The hypothesis now holds that phlogiston has both positive and negative weight. The hypothesis is now ‘ad hoc’ and inconsistent. Very few hypotheses are so blatantly inconsistent, but consistency is a criterion worth checking in evaluating a hypothesis.

3.
Explains the Whole Phenomenon
A hypothesis which explains only part of the phenomenon is at best a starting point for a more fully-developed explanation. Consider the explanations about the blue colour of the sky in the introduction. If the phenomenon we seek to explain is the blue colour of the sky and the yellow colour of the sun i.e. the discolouration of these, the second hypothesis offered explains only the first part of the phenomenon and is so inadequate. The first hypothesis explains also the colour of the sun, since, when the blue wavelengths are scattered, there is relatively more red light left. This manifests itself as the yellow colour of the sun.

This brings up a secondary point that a good hypothesis will explain related or similar phenomena. Again, the hypothesis in terms of the wave nature of light is to be preferred since it can explain why the sun appears red on the horizon. When looking straight up, we look through a certain thickness of air, but when looking at the sun on the horizon, we look through more air. This scatters more blue wave lengths leaving proportionately still more red light and so the sun appears red.

In similar vein, a good hypothesis will be able to predict what changes will occur for various changes in the phenomenon or parts thereof. this may be used in indirectly testing the hypothesis.

4.
Acceptability of Terms
One’s audience must find the terms of the hypothesis acceptable. This has a couple of aspects. Firstly, explanation is reductionist in character; we reduce a phenomenon into simply a less contentious part. Hence, if the hypothesis is in terms of more complicated, more contentious terms, it will manifest little explanatory power, since the terms themselves will require explanation. A hypothesis which seeks to explain why a person chose an orange flavoured instead of a chocolate biscuit in terms of subliminal, sub-conscious emotion and their relation to a whole array of childhood experiences is not likely to be accepted over one which simply states that the person preferred the taste of the orange flavoured biscuit.

Secondly, as mentioned in the introduction, the terms of an hypothesis may be too complicated for the present audience. The word ‘audience’ should be read widely here to include audiences of different historical periods. A western 20th century audience will find different terms acceptable from an audience of a different period. For example, we no longer find explanations in terms of witchcraft acceptable whereas a 17th century audience may have done so.

5.
Coherence with Existing theories
This point is related to the previous one. If an hypothesis requires a radical re-appraisal of a number of theories we accept, then it will be likely that we will find such an hypothesis unacceptable. This is so simple because we believe that the other theories are probably right. After all, the other theories are hypotheses which have been tested. However, one should not forget that these tests do not verify these hypotheses but merely fail to falsify them. As a result, it is quite possible that they are, if not entirely false, at least inaccurate.

Any theory which demands a re-think of scientific laws will have a hard time gaining acceptance. Einstein’s theories were initially not well accepted because they ran counter to some of Newton’s Laws of Motion.

6.
Simplicity
As noted earlier, explanation is reductionist in character, - we move from some phenomenon to some inter-relation of simpler parts. It appears we have a belief that all phenomena may be so reduced to simpler ones. Hence, if two hypotheses satisfy all the other points above, the simpler one is to be preferred. This raises interesting and difficult questions of how simplicity is to be determined, but for everyday explanations, our intuitive ideas will probably suffice. "Occam's Razor’’ is a phrase that refers to William of Occam (13-14 Century): “The simplest explanation is more likely to be correct.”

It was noted in the introduction that some factors deal with the accuracy of the hypothesis, while others deal with its acceptability. These are independent, but some factors deal with both. So far as these can be separated, factors, 1, 2, and 3 deal with accuracy, factor 4 with acceptability and factors 5 and 6 with both.

In our western intellectual tradition, we expect all explanations to conform more or less to the model outlined above. Although most of the examples chosen are from the physical sciences, this has been done for the sake of simplicity. In the social sciences, where one deals with human behaviour, hypotheses tend to be more complicated and more difficult to discuss in isolation. Testing is also more difficult because of the nature of the subject matter.

Forming an Hypothesis

1. First you notice that something is in need of explanation (Identify problem)

2. Then, clearly define this phenomenon 

3. Check observations if necessary

4. Usually you start by suggesting hypotheses and see if they fit the criteria for a good hypothesis. In particular, explaining all the facts, and being consistent with accepted principles

5. Quite a few of these tentative hypotheses may be discarded before you settle on the one that seems the best

6. Analogies may be used with other similar phenomena if you are familiar with the related phenomena.

Some people are better than others at forming hypotheses, because:

(a)
they have a good knowledge of the subject matter

(b)
are gifted or trained at perceiving relationships, discriminating and observation

Good hypotheses have sometimes been described as ‘lucky guesses’ but it is astonishing how luck correlates with (a) and (b).

WORKSHEET 1.

Forming:

(a)       There are at least twice as many divorces proportionally among people living in the city suburbs as there are among people living in the country. Put forward a reasonable theory to explain this.

(b)
What is your explanation for the fact that so many parents try to enrol their children at private schools? Would it be possible to check your theory?

(c)       Driving along the highway, you notice that the car in front keeps veering towards the side of the road, corrects to the middle and then veers to the other side. Why is the car behaving like this?

(d)       Why do some people find the word “chairman” offensive?

(e)       Why do some people find the word “chairperson” offensive?

(f)        Why do more young people than old people have bad car accidents?

(g)       During the last ten years, the incidence of severe dieting in females in Western          societies has increased greatly. Why is this so?

(h)       Read the following tale and construct an hypothesis that identifies the thief and explains the facts:

‘A young politician was asked by his leader to proofread a document that contained assessment of politicians. The politician, Danny O’Brien, was flattered as the opposition and press would love to get hold of the document and would pay well for it. Danny was engaged to Mary O’Hara and usually caught the 5.30 train with her brother Sean, as Mary’s family and his, lived in the same suburb. The document perusal took longer than Danny thought, and he realised he’d missed the train. At six o’clock Danny left his office and went down to the café bar to get some coffee, passing the cleaner as he went. While preparing his coffee, he heard the buzzer go at the front door. After 10 minutes he returned to his office only to discover that the document had gone. He ran through the building, but there was no one there, not even the cleaner. He searched again, even the street outside, but finally in despair he caught the last train and ran to the house of his fiancée. There he collapsed and was put to bed in Sean’s bed. He stayed there that night and at 2am his screams brought Mary and her mother to the bed. He insisted that someone had entered the room in the dark. On doctor’s orders he remained where he was for a week, nursed by private nurses. At the end of the week the police had questioned the cleaner and searched the building, but had not found the document or a suspect. Neither the newspapers nor the opposition party had heard of the document.’

Who took the document and where is it?

TESTING AN HYPOTHESIS

1.
Set out to find FALSIFYING evidence. - i.e. try to prove; you are wrong.

2.
A DEDUCTION may be drawn from the hypothesis and this may be tested

The Discovery of Atmospheric Pressure

As was known in Galileo’s time, a simple suction pump, which draws water from a well by means of a piston that can be raised in the pump barrel, will lift water no higher than 34 feet above the surface of the well. Galileo’s student Evangelista Torricelli was struck by this and advanced a new explanation. He argued that the earth is surrounded by a sea of air, which by reason of its weight exerts pressure upon the surface below, and that this pressure upon the surface of the well forces water up the pump barrel when the piston is raised. The maximum length of 34 feet for the water column in the barrel thus simply reflects the total pressure of the atmosphere upon the surface of the well.

Torricelli reasoned that if his conjecture were true, it could be deduced that mercury, which is 14 times heavier than water, can be made to rise in a tube only about thirty inches. Around 1643, Torricelli performed an experiment that verified this prediction. He took a glass tube over thirty inches long that was closed at one end, filled it with mercury, placed his finger over the opening, inverted the tube, submerged the open end in a dish of mercury, and removed his finger. The mercury dropped until the column was about 30 inches high—just as predicted. In effect, Torricelli had invented the mercury barometer.


1.
What was the initial phenomenon Torricelli wished to explain?


2.
What new view or theory about air did Torncelli propose?


3.
State the hypothesis Torricelli formulated to test this theory.

3.
A PREDICTION may be made from the hypothesis and this checked to see if it occurs.

Halley’s Comet

Edmund Halley was a young scientist in 1695 when he first began to wonder whether Newton’s theory of gravitation (published in 1687) could explain the motions of comets. Halley began investigating a comet he himself had observed in 1682. Using data recorded on the path and motion of this comet, Halley inferred that, due to the gravitational attraction of the sun, the comet should be travelling around the sun in a large and elongated elliptical orbit that took about seventy-five years to complete. He realized that there must be some effect of the gravitation of other planets upon the comet, especially Jupiter, but he ignored these influences as being relatively small and too difficult to calculate.

Halley also concluded that this comet must have been around many times before, and he was able to show that there had been comets reported at roughly seventy-five year intervals going back to 1305. Halley claimed that these were all sightings of the same comet whose orbit he had deduced from Newtonian theory. In addition, Halley calculated the probable time of its next return and predicted that it would again be sighted in December 1758.

Halley published his work on comets in 1705 and died in 1743, fifteen years before the predicted return of the comet The comet, which was subsequently to bear Halley’s name, reappeared on Christmas Day in 1758, following the trajectory described by Halley.

(a) Identify Halley’s hypothesis.

(b) State a major assumption made by Halley. 
(c) Identify the initial conditions with which Halley worked.

(d) Did the result, as predicted by Halley, constitute a good test of Halley’s hypothesis?


Why, or why not?
4.
An argument supporting a hypothesis is always inductive and therefore can only express probability that the hypothesis is true. The justification of a hypothesis as the correct explanation of a puzzling phenomenon involves arguments that take into account,


corroboration (generalisation from repeated tests) – often by other people


explanatory range (power of explaining facts surrounding initial problem)


controlled experimentation (use of controlled variables)


prediction validation (testing that predictions eventuate)

THE SCIENTIFIC METHOD

1. Scientist defines problem clearly and carefully

2. Makes careful observations and (if possible) gathers statistical evidence

3. Formulates an hypothesis which may be a conceptual model

4. Tests this hypothesis. Other scientists test it also under a variety of conditions

5. If tests falsify hypothesis it is abandoned. If tests falsify part of hypothesis then it is modified and retested

6. If tests confirm the hypothesis (including a “crucial experiment”, ie. one viewed by experts as definitive) then after many stringent tests it could be called a scientific theory. (It would have demonstrated that it implied and explained further facts)

Einstein said, “No amount of experimentation can ever prove me right; a single experiment may at any point prove me wrong.”

TESTING HYPOTHESES

Although it is obvious, the starting point in explanation is apprehending the need for one. If we didn’t discern a problem, we wouldn’t feel the need for an explanation. In many ways, being able to state the problem accurately is a help in looking for an explanation. The more vaguely a problem is outlined, the less clear will be any idea of a starting point.

The starting point for any explanation is the formation of an hypothesis. An hypothesis may be the first guess at an explanation – a starting point. It is an answer that is recognised as being tentative. It doesn’t matter if one cannot give grounds for it – it functions as a basis for reasoning. 

The test for any hypothesis may be direct – where the hypothesis itself is tested; or indirect – where the implications are tested. An example may be of help. We may wish to test an hypothesis that an engine is not performing well because the combustion of air/petrol mixture is incomplete. A direct test would be to collect the exhaust gas and analyse them to determine if there is any unburned petrol, etc. An indirect test might be to inspect the cylinder where air/petrol mixture is burnt. If there is a carbon build-up it would seem that petrol is not being burnt all the way to CO2, but incompletely to C (carbon). The hypothesis will either pass or fail the test. If it fails, we may reject the hypothesis and start again from scratch or modify it, should some modification suggest itself to us. We must then text the modified hypothesis. A problem might arise at this stage. An hypothesis may be modified to the point where it starts to lose explanatory power. This is an ad hoc hypothesis. That is, an ad hoc is one that is changed to meet each new circumstance or failed prediction. If an explanation has to be constantly altered, it is probably not the correct one.

Once an investigator has an initial hypothesis, testing of valid inferences based on the truth of this hypothesis may begin, i.e. IF Hypothesis A is true THEN D should follow. (This is also referred to as a deduction (or prediction) from the hypothesis). 
A good example of this is the scientific enquiry conducted by Semmelweis (1860) Into the cause of childbed fever that was causing 11% mortality in Ward A of his hospital but only 2% mortality in Ward B. The hypotheses suggested were based on the differences between the two wards. The first hypothesis was that as the priest who came to administer the last rites to dying women walked through Ward A to get to the special ward for dying patients, his appearance had a debilitating effect on the patients, predisposing them to infection. Semmelweis directed the priest to avoid going through Ward A, but the proportion of childbed fever victims did not alter. The second hypothesis was based on the fact that medical students were permitted to examine the patients in Ward A as part of their midwifery training, but not those of Ward B. Semmelweis reasoned that the students were introducing the infection into Ward A. He introduced washing with chlorinated lime as a way of destroying any infectious material on the hands of the students and other staff. The rate of childbed fever promptly dropped to 1.5%.

TESTING HYPOTHESIS IN THE SOCIAL SCIENCES
Hypotheses concerning the sciences are relatively easy to test. Those concerning people are, however, far more difficult.

1.
We are not permitted to test some hypotheses on legal grounds. e.g. that a child 
can bear more pain if distracted.

2.
Using people without their consent for experiments, even comparatively harmless 
ones, is a moral issue. Many would argue it is dishonest or exploitative.

3.
Unfortunately, if you TELL people that you are using them for a social 
experiment, then their reactions are not going to be natural and your findings are 
possibly worthless.


4.
The other avenue is to ask people what happened or why they behaved in a 


certain way. But people’s observations and self reports are notoriously 


inaccurate.


5.
Experiments (or tests) that use people as their subjects are rarely identical. 


Different times, the presence of different people, people’s moods etc. affect the 

subject.

WORKSHEET 2


Suggest ways of testing the following hypotheses

1.
In town on Sunday you notice that people about to cross on a red light look around at 
the footpath before they do so.


Hypothesis :
Your explanation of this is that people tend to be more law abiding (or moral) if they are being observed than if they are not.

2.
Observed Phenomena:
Crowds (mobs) have at times exhibited savage and destructive behaviour that the individual alone would never commit.


First Hypothesis: Being in a crowd, where some become, excited, infects the individual with a collective excitement that overwhelms his inhibitions.

Second Hypothesis:
Being in a crowd allows the individual anonymity so that he can commit actions without responsibility.

3.
Observed Phenomena: The rapid spread of rumour in an institution (like this one).

Hypothesis: 
The spread of rumour is often due to anxiety on the part of the people concerned. Direct anxiety causes rapid and intense spread, while vicarious (indirect) anxiety results in less intense rumour spreading.

AN EXPERIMENT TO TEST AN HYPOTHESIS
Let’s look at the development of one study, which is composed of several experiments. Recall that the experimenter’s job is to select a very few variables to alter and to observe, and that the procedures for doing an experiment derive from normal common sense.

Which factors make one person sexually attracted to another? The complete answer is quite complex: it includes the backgrounds of the persons, their expectations, whether one or the other person is already involved in a relationship. However, to think like an experimental psychologist, you might try to isolate one part of the puzzle. One major factor may be the circumstances of a meeting. In films or novels it is the daring hero, the one who takes chances, who always gets the girl. In fact, more people fall in love and get married in disasters and wartime than during times of quiescence. People go to horror movies, drive like maniacs, and ride on roller coasters on dates. These situations have in common the element of danger, and danger is sexually arousing. Could a dangerous location contribute to sexual arousal? This is the primary question that a classic study sought to answer.

What happens when people are put in exciting circumstances? The initial experiment involved attraction on a wobbly bridge (Dutton & Aron, 1974). A woman interviews two groups of men, each on a different bridge in Vancouver: one bridge is safe: the other, very precarious. One bridge is a solid wood structure 10 feet above a stream. This is the control bridge. The other is the Capilano Suspension Bridge, which is 450 feet long, 5 feet wide, and sways and wobbles over a 230-foot drop to rapids and rocks. This is the experimental bridge.

The experimenters compared meeting people of the opposite sex in both dangerous and safe circumstances. Men who were crossing one of the bridges were met by an attractive woman interviewer. To each man on both the experimental and control bridges, she made up the story that she was researching the effects of scenic attraction on creative expression. She then asked the man to write a brief story based on a picture she showed him of a young woman covering her face with one hand while reaching out with the other.

When he finished, she gave the man her name and number and invited him to call her if he wanted more information about the experiment. If there were fewer calls from the men who went to the solid control bridge than from those who went to the wobbly experimental bridge, we might conclude that the arousing circumstances figured in sexual attraction. The stories were also scored for sexual imagery.

The independent variables were the two bridges. The dependent variables were the number of phone calls and the men’s scores for sexual imagery. The hypothesis was that men on the experimental bridge would be more sexually aroused than men on the control bridge. Therefore, they should (1) telephone the assistant more often than the controls and (2) write stories with more sexual imagery.

The results showed that 12.5 percent of the men who went to the secure bridge called the woman for more information, whereas 50 percent of the men who went to the wobbly bridge called. Those who met the woman on the wobbly bridge also wrote stories with far more sexual imagery than did those on the secure bridge.

Therefore we could conclude that these results support the hypothesis that dangerous circumstances can lead to arousal and to increased sexual attraction. However, psychologists are rarely convinced by one study. To think like an experimental psychologist, we must consider whether the results could come about in another way, because in most studies, there are other possible interpretations of the findings.

Consider another interpretation of the results of this study: it could be that the men who chose to cross on the wobbly bridge were more daring than the ones who chose to cross on the secure control bridge. If so, these men might well have been more daring, too, about calling up a strange woman for a date than were the possibly more timid control bridge travellers, and the wobbly bridge travellers might also be more sexually daring. Therefore, the results might be due to existing differences in the men who cross on the bridge, not the effect of the dangerous location.

(a)
What exactly is the question this experiment sought to answer?

(b)
Why was a WOBBLY bridge used?

(c)
Describe the difference between the control bridge and the experimental bridge?

(d)
Why is there a control bridge, at all?

(e)
Why did the interviewer tell the men that she was researching the effect of scenic attraction on creative expression?

(f)
What do we call the variables that an experiment measures?

(g)
What is the other interpretation of the results of this study?

(h)
How could the experiment be changed so that the factor mentioned in (g) is 
eliminated?

(i)
Write down one criticism (of your own) of this experiment.

WORKSHEET 3.

Question 1

Imagine the situation where you (and a growing crowd ) are still waiting for the 7.30am bus at 8.30am. You put forward the hypothesis that the bus has been delayed by a very bad accident that has completely blocked the road.

1.
Describe evidence that would make you modify this hypothesis.

2.
Describe evidence that would make you reject this explanation completely.

3.
The following theories were proposed by the people around you.

Critically discuss these with reference to the characteristics of a good hypothesis.

(a)
The bus is late because it is an hour overdue.

(b)
It’s late because it has been kidnapped by a crazed ratepayer, driven mad by city 
council rate bills.

(c)
The bus has run out of petrol and the bus driver is probably allergic to petrol fumes 
so he won’t go to a garage and get some, and he’s too frightened of his boss to ring 
up the depot and ask him to send another bus.

Question 2.

Mr Brown parks his car each night in the street in front of his house. One morning he finds the car about 4 metres further forward from where he parked it. Exactly a week later it was parked about 5 metres back from where he had left It. Assess the following hypothesis with reference to the characteristics of a good hypothesis.

Mr. Brown :
Someone is taking the car for a joy ride each week and bringing It back.

Mrs. Brown:
The handbrake is slipping.

Henrietta Brown:
The milkman likes to park his car in front of the house and keeps shifting 
the family car backwards or forwards.

Herbert Brown:
It’s been shifted because it is not in the same place it was left in.

WORKSHEET 4.

1.
Define the following terms:


(a)
Ad Hoc Hypothesis 


(b)
A modified Hypothesis 


(c)
A consistent Hypothesis 


(d)
Scientific Method

2.
Write down answers to the following:


(a)
The six major characteristics of a good hypothesis 


(b)
Two major ways of testing an hypothesis 


(c)
Three specific reasons why an hypothesis concerning people is difficult to test.

WORKSHEET 5.

Consider the following and answer the questions that follow:

‘When the moon is on the horizon it looks bigger than when it is high in the sky. (Zenith moon). However, in photographs the moon’s image is the same size and this is also true of its image in the eye.

Two hypotheses were suggested for this. The first theory or ‘raised eye’ theory was that the moon looks smaller if the viewer raises his head to look at it. The second hypothesis was that an object seen through space filled with other things (as the horizon moon is) appears further away than the same object viewed through empty space (the zenith moon). When a human perceives two equal images but thinks one is further away he sees this one as larger. Tests were done with specially designed apparatus that showed that the horizon moon appeared larger whether or not the eyes were raised. The scientists then turned their attention to the second hypothesis. Tests were done that demonstrated that moons seen over hills and trees, moons viewed through cloudiness and moons framed by buildings appeared further away than moons of the same size seen at the same distance but through empty space.

(i)
What exactly is the phenomenon that needs explanation?

(1)

(ii)
Why was the ‘ raised-eye’ hypothesis abandoned? 


(1)

(iii)
There are two distinct parts to the second hypothesis? 


What are these two parts? 





(2)

(iv) 
What three tests were done to test the second theory?

(1)

(v)
The tests did not disprove the second hypothesis. Does this mean that the second 
theory is correct? 
Explain your answer.



(1)
WORKSHEET 6.

1.
Read the passages and state the phenomenon that requires explanation.

2.
What is the hypothesis put forward?

3.
Describe the experiment done to test this hypothesis.

4.
Did the test provide evidence for acceptance of the hypothesis?

1.
It was not until the careful experimental tests of Louis Pasteur in the 1870s that the idea that many infections and contagious diseases were spread by micro-organisms became widely accepted. In the early part of the nineteenth century, one leading hypothesis maintained that diseases were due to the presence of evil humours in the body, and that there could be recovery by purging the blood of these humours. Bloodletting was a widely accepted procedure, and failure to let blood in a serious illness almost constituted professional negligence. In 1828, the French physician Pierre Charles Alexandre Louis began to test this hypothesis quantitatively and found that, in patients suffering from pneumonia, the hypothesis was wrong. For patients bled in the first three days after the onset of pneumonia, the mortality rate was 50 percent, while for those bled only after seven to nine days had elapsed from the onset, the mortality rate was only 16 percent.

2.
One hypothesis about the origin of the moon claims that the moon was pulled or thrown out from what is now the basin of the Pacific Ocean. To test this hypothesis, it was necessary to determine the geological ages of the Pacific Ocean basin and the rocks of which the moon is made. With the availability of moon rocks for detailed study, it has now been conclusively demonstrated that the moon is made of very old rock— about as old as the earth, and orders of magnitude older than the Pacific Ocean basin.

3.
 In the nineteenth century, the English sociologist Francis Galton investigated the effectiveness of prayer. He was not attempting to investigate the value of prayer to the person praying; rather, he was interested in determining whether prayer was effective as a means of achieving what was prayed for.

Galton reasoned that if prayer were effective, then something regularly prayed for would probably come about. He knew that in the nineteenth century, when people went regularly to church, there would be many people praying each Sunday for the good health and longevity of the queen and members of the royal family. Galton observed the recorded and well-established facts of the ages attained by royalty at death, and he compared these with the equally well-established facts of the age at death of the members of the higher social classes. He noted that royalty did not live longer, on the average, than the others.

In addition, Galton studied the efficacy of the prayers of the clergy for their own

babies. He decided to see whether stillbirths were less frequent among the clergy than among the professional classes generally. Galton examined the announcements of births and stillbirths in the Record, a clerical newspaper, and in The Times. He found that there were the same proportions of stillbirths to live births for clerical families as there were for others.

4.
Giant figures of animals and geometric designs were engraved and carved on the barren Nazca plains of southern Peru as early as 400 BC. Many of the giant patterns are miles long—so large, in fact, that they can be discerned only from the air and thus were not discovered until modern men and women flew over them. How did the ancient Peruvians create these giant figures?

According to one hypothesis, the Indian artists of southern Peru first sketched the drawings on small plots of land and then used their knowledge of geometry and a complex system of rock piles and rock walls to enlarge the figures. Others have insisted that the figures could have been constructed only if the Nazcas had an elevated vantage point. Because there are no nearby mountains, some speculate that the construction was supervised by extraterrestrial visitors in spacecraft who relayed instructions to workers on the plain below. But members of the International Explorers’ Society, influenced by what appears to be a picture of a hot-air balloon on an ancient Nazca ceramic pot, propose that Nazca observers directed the gigantic projects from balloons. In November 1976, IES members attempted to support their view by constructing a crude balloon called the Condor I, and flying it over the Nazca plains.

The Condor I had an 88-foot-high air bag made from a fabric similar to the close-woven cotton textiles discovered at Nazca gravesites. The balloon’s lines and fastenings were made from native plant fibres, and the boat-shaped gondola was woven from totora reeds native to Lake Titicaca in Peru.

On its maiden flight, Condor I quickly rose to 600 feet with two passengers, but

was driven back to earth by brisk winds. It rose without passengers to about 1200 feet, flew for about two miles, and then gently landed. IES director Michael DeBakey was enthusiastic about the results: “We set out to prove that the Nazcas had the skill, the materials and the need for flight,” he said. “I think we have succeeded.” (Science/Nature Annual, 1977, 173.)

WORKSHEET 7.

1.
What is the phenomenon that requires explanation?

2.
Write down the hypothesis put forward to explain it.

3.
Explain, why, for each of these there is some doubt that the hypothesis is correct.

One of the most challenging problems in all of social science has been untangling the environmental and genetic influences of the family on children’s intellectual, occupational, and economic attainments. The educational level of parents correlates fairly well with both school achievement and mental ability test scores of their children. This correlation is usually assumed to indicate the strength of the influence of environment on school success, since parents with more years of schooling tend to expect their children to do well in school and create a richer educational environment in the home than do poorly educated parents. If the causal connection runs from the rich family environment to the academic-ability level of the child, then it makes sense to try to induce all parents to provide more educative environments, as a way of improving school performance of educationally disadvantaged children. If mental ability is to some extent inherited, however, a different set of causal linkages may be involved: Parents possessing high levels of mental ability will tend to spend more years in school than others do, will pass on some of their ability to their children, and will create more educative home environments. In this view, correlation between home environment and the child’s academic performance may mask a more important genetic relation between parents’ abilities and children’s abilities.

—HARRY L. MILLER, “Hard Realities and Soft Social Science,”

The Public Interest, Spring 1980

A team of researchers recently explored the relationship between shift work and heart disease among 79,109 women enrolled in the Nurses Health Study. In 1988 the women were asked how many years they had worked rotating night shifts. At the time none of these women had a history of coronary heart disease. Most of the women had done some shift work, 7% of them for 15 or more years. Compared with the women who had never worked shifts, those who had done so were slightly heavier and more likely to smoke cigarettes. Longer durations of shift work were associated with high blood pressure and diabetes. During the next four years of follow-up, 292 of the women developed evidence of coronary artery disease. The women who had done shift work were 40% more likely to develop heart disease, and longer periods of shift work were associated with higher overall risk. Women who had performed more than 6 years of shift work had a 51% increase in heart disease risk, and a 29% increase in the risk of dying during the follow-up period. Even when the researchers accounted for weight, smoking, and as many other cardiac risk factors as they could, the influence of shift work was still present.

But is shift work itself the culprit? Or are women who do work shifts different from women who do not, in ways this research could not detect or take into account? These questions cannot be resolved without an experiment in which large numbers of women are randomly assigned, for a prolonged period, either to shift work or to a regular schedule. That experiment is not likely to be conducted any time soon.

—I. KAWACIH, et al., “Prospective Study of Shift Work and Risk of

Coronary Heart Disease in Women,” Circulation, 1 December 1995
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