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Editorials

Hypothesis Generation and Testing

The method of science

Mark Twain facetiously wrote: 'There is something fascinating about science. It
generates vast returns of conjecture from a trifling investment of fact.' While many
cynics who peruse medical literature may agree with him, there is an alternate and
more fundamental view propounded by the Viennese philosopher Karl Popper. The
method of science, according to him, is to generate a hypothesis and then proceed to
collect data in a directed manner to disprove that hypothesis.

The scientific quest for 'truth' starts with the formulation of the research question.
An appropriately and precisely framed question focuses the research effort, in terms
of data collection and analyses, on the main issue of interest so that unambiguous
answers may be sought. A useful caveat for potential researchers has been that 'the
answers are all out there; it is the questions which need to be discovered'. The cru-
cial step is, therefore, to ask the right question.

A hypothesis is a guess or a conjecture which is developed to answer a specific
research question. Hypothesis generation is an important part of the scientific
process. It can and should be used at every stage of investigation as an aid to clear
logical thinking about the subject under investigation. Instead of collecting data with
the aim of 'let's see what we get', we should collect data with the aim of testing a
specific hypothesis or conjecture. In a clinical setting the initial hypothesis about a
problem would be broad based and derived from available observations and known
scientific facts. These early hypotheses enable a large number of alternate ideas to be
tested which may then be retained, modified or abandoned on the basis of the
conclusions drawn from these studies. Often many conjectures can be answered from
an in-depth study of available knowledge without the need to conduct an investiga-
tion. An experiment or clinical study should be reserved for testing a hypothesis that
has survived all ingenious deductive efforts to refute it in observational studies.

The scientific effort to answer that question may be 'open ended' or 'closed
ended'. Exploratory or open-ended research collects data and subsequently analyses
them, without a specified 'Q priori hypothesis'. The hypothesis is generated during
the process of data analysis. While this is wery useful for identifying leads into
uncharted territories (for example, when one is dealing with questions like •what are
the immunological perturbations in acute rheumatic fever'), these exploratory efforts
cannot be regarded as established facts. Post-hoc analyses are often exercises in data-
dredging and suffer the methodological infirmity of multiple significance testing
leading to an increased play of chance. The sources of bias or systematic error are also
many in such post-hoc analyses, since no conscious effort at seeking balanced
comparisons was made at the beginning of the study. The conclusions of such open-
ended research should always be regarded as hypothesis generating and these, in turn,
need to be tested afresh in appropriately designed studies.

Historically. Aristotle believed in the system of non-data reasoning while Francis
Bacon recommended inductive inference. Karl Popper favoured the hypothetico-
deductive process. The traditional view of science has been inductive inference
where formation of a hypothesis is based upon observation. An essential property of
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a well-formulated hypothesis is that it is refutable. Popper argues that refutation is
more powerful than confirmation when testing a hypothesis. It is always possible to
produce a theory to fit a set of observations. The creator of a hypothesis is inclined
to have a personal attachment to his creature and is not intuitively disposed to seek
eagerly for a means to refute it. Popper's view is that all observations are made to test
some hypothesis already in mind. The method of science, therefore, attempts to
falsify the hypothesis or seeks to reject it. That is why a 'null hypothesis' of no true
difference between the comparison groups is formulated and research is directed to
prove this hypothesis and reject the alternate hypothesis which states that a difference
does exist.

The main distinction between scientific and non-scientific theory is its testability.
It follows that theories and hypotheses that produce the most secure knowledge are
the most testable and the most testable are the most falsifiable or refutable.
Falsification on testing allows a hypothesis to be rejected; failure to falsify does not
affirm but merely corroborates. The inability to prove the null hypothesis does not
prove that the alternate' hypothesis is true. A statistical test of significance, which is
a means of hypothesis testing, merely identifies ~he probability of observing thl;
recorded difference due to chance also, when in truth no difference exists. The con
elusion in such cases where the 'null hypothesis' is not proved is more akin to the
Scottish legal verdict of 'guilt not proven' rather than the English judicial pronounce
ment of 'not guilty'. The probability statement, however, forms the basis for thf

investigator's judgement of the alternate hypothesis being acceptable. Convention-
ally, researchers accept the alternate hypothesis, at a chance probability of less thar,
5% (p<O.05). The alternate hypothesis may be unidirectional (difference is only in
one direction) or bidirectional. Accordingly the significance tests are 'one-tailed' or
'two-tailed' .

The need to have specific 'null' and 'alternate' hypotheses, underscores the
imperative of having one clearly defined 'primary hypothesis'. While multiple
secondary hypotheses may also be examined, the primary hypothesis is the one which
should be regarded as the one being tested. Even if secondary analyses yield
'statistically significant' results on other questions, these analyses should be merely
regarded as hypothesis generating. Fresh and appropriately designed studies should
be carried out to test each of these as a primary hypothesis. Data-derived hypotheses,
do not have the statistical or scientific sanctity of pre-formulated refutable hypothe-
ses which have survived attempts specifically directed at rejecting them.

If a new hypothesis is advanced in competition with the one currently held, we
should prefer the new hypothesis if at least one of the following criteria is satisfied:

I. A more precise prediction is made.
2. More of the previous observations are explained.
3. Previous observations are explained in greater detail.
4. It passes tests which the older hypothesis has failed.
5. It suggests new hypotheses not suggested by the earlier one.
6. It has connected phenomena not considered related previously.

The collection of data is an indispensable part of the epidemiological process but
it can become a wasteful activity if it is not inspired by a deductive aim. A clearly
defined and explicitly stated hypothesis must accompany every research project. The
nature of the hypothesis should prompt the choice of an appropriate study design. t
well-defined hypothesis must be coherent. That implies it must have a theoretical fit
factual fit, biological fit and a statistical fit. A hypothesis must be specific as well a
exclusive.

However, the method of science should not content itself with mere hypothesis
testing, important as it is to the process of scientific enquiry. From seeking to know
whether differences 'truly' exist (i.e. whether there is an acceptably low probabilitj
of deleted difference arising due to chance alone), the researcher also must ask 'wha
is the true magnitude of this difference?' . This is important as trifling differences may
assume statistical significance when the sample size is very large and, conversely,
clinically relevant differences may fall under the guillotine of 'non-significance' if
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the sample size is too small. The 'confidence interval' provides a precision of
estimate or the range of truth within which the observed point estimate is compatible.
The larger the sample size, the more precise is the estimate and the narrower the
confidence interval. The confidence interval provides 'clinical significance' while
'hypothesis testing' provides 'statistical significance'. Both are integral to the
process of scientific enquiry and the quest for seeking 'truth' from directed observa-
tions and analyses.

Head Injuries: A neglected field in India

Head injuries are a major health problem and together with infections, infestations
and cancer are important causes of morbidity and mortality in India. For the number
of vehicles in use, India has the dubious distinction of having the highest rate of road
traffic accidents. It is reported that with just I% of the total number of vehicles in the
world, India accounted for nearly 6% of the road accidents and had the highest
accident rate in the world-34.6 per lO 000 persons! Inaugurating the International
Conference on Traffic Safety, the Union Minister for Health stated that about 50 000
persons were killed or injured in road accidents in the country last year. The Secretary
General of the Conference pointed out that 70% of all road accident victims are either
two-wheeler drivers or pedestrians' and the majority of them die from head injuries.

Epidemiological data on head injuries is essential for planners to allocate finances
for facilities and manpower requirements. This will help determine the frequency,
distribution and outcome of patients with head injuries. The data available in India
is not only scanty but is based solely on hospital statistics. The figures available are
only for some metropolitan centres.i? Death certificates, the usual sources of
descriptive data, are prone to errors. These certificates usually mention the aetiologi-
cal event such as road traffic accidents, gunshot wounds or assaults rather than the
anatomical area involved. If administrators and politicians were made aware of the
senseless killings and maiming of thousands, if not tens of thousands of individuals
every year on the Indian road they would certainly act or be forced to act by press and
public opinion.

A very large number of head injuries can be prevented by the compulsory use of
crash helmets for scooter and motorcycle drivers and seat belts for car drivers. Whilst
in the Union territory of Delhi wearing of crash helmets is compulsory and the law
implemented, in the neighbouring states of Rajasthan and Uttar Pradesh, there are no
laws governing their use. The Government of Maharashtra passed a law requiring the
compulsory use of helmets from I January 1990 but failed to implement it 'for want
of sufficient funds for helmets certified by the Indian Standards Institute'. The Tamil
Nadu Government, which was probably the earliest to make the use of crash helmets
compulsory has recently decided to make their use optional.

Inadequate on-the-spot first aid especially respiratory care and bad transport
facilities add to the misery of the injured. A very revealing comparison was made in
a study of mortality of head injuries from two centres one in Virginia, USA, and the
other from New Delhi," They had different emergency medical services and intensive
care regimes. There were striking similarities in the mortality when both groups were
compared by the motor score (Glasgow Coma Scale; GCS). The subgroup with a
different mortality rate comprised patients with a GCS of 5. For this group the
mortality rate was 2.5 times higher in New Delhi (12.5%) than in Charlottesville
(4.8%). This was not explained by the presence of hypertension, skull fracture, age
above 40 years, or pupillary reaction. The quality of pre-hospital care was probably
to blame for the higher mortality in the New Delhi cases. There was a much longer
delay from injury to hospital admission in New Delhi and a lack of emergency on-


