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EDITORIAL 

Thoughts on the “Scientific Method”: 

Part 1 – Ignorance through Inconsistency 

Michael R. Powers∗ 

Although widely used, the term “scientific method” (SM) is imprecisely defined and 

inconsistently implemented.  Not only is there no universally accepted “method” for all scientific 

disciplines, but statements of such “methods” , where they exist, are usually only idealized 

descriptions of the actual practice of science.  This state of affairs is not only surprising, but 

rather scandalous given that the SM is often proffered as the soul of modern science – the sine 

qua non of enlightened empirical reasoning, effectively poised to dispel the confusion and 

darkness of “ inferior” modes of understanding (intuition, superstition, prejudice, mythology, 

religion, etc.).[1] 

This editorial is the first of a two-part critique of the SM as it is commonly practiced.  In 

this installment, I address the problem of inconsistencies in the way the SM is applied, arguing 

that these inconsistencies may lead researchers to ignore important phenomena, especially when 

the phenomena are of a subtle and/or transient nature.  In the second part,[2] I will consider 

problems of inefficiency and inertia – especially in the field of risk finance – caused by the SM’s 

collectivist, frequentist outlook, and show how these problems may be avoided by a more 

individualist, Bayesian approach. 

 

 

                                                
∗ Editor, Journal of Risk Finance; Professor and Co-Director, Advanta Center for Financial Institutions Research, 
The Fox School, Temple University; e-mail:  michael.powers@temple.edu. 



 -2- 

Conventional Formulation 

Formal statements of the SM usually envision scientific progress as occurring over time 

through a succession of replicable experimental tests of well-specified hypotheses describing 

relationships between observable quantities.  This process may be divided into a number of 

distinct steps, whose characteristics are somewhat sensitive to the particular needs/eccentricities 

of a given scientific field.  A conventional outline of these steps is as follows: 

(1) The development of a null hypothesis (    

!  

H
0
) summarizing the relationship to be 

tested.  This hypothesis may be based upon either derivations from theory or 

judgmental inferences from previously recorded observations.  It may be as simple as 

stating the value of a parameter of interest (e.g.,     

! 

H
0
"  “ the CAPM beta for property-

liability insurers is 1.0 in all insurance markets” [3]).  In the physical sciences, it often 

involves the specification of a cause-and-effect relationship. 

(2) The identification of an observable phenomenon that is predicted by the 

underlying hypothesis, and not otherwise explicable.  For example, if we are 

interested in testing     

! 

H
0
"  “ the CAPM beta for property-liability insurers is 1.0 in all 

insurance markets,”  then we may identify the estimated beta for U.S. insurance 

company   

! 

i  for the past year (
  

! 

"
i
) as the observable phenomenon, and assume that 

  

! 

"
i
 

is a random variable with 
    

! 

E " i[ ] =1.0  for all   

! 

i .  Given that we accept the CAPM, the 

assumption that 
    

!  

E "
i[ ] =1.0  is implied by     

! 

H
0
.  In the absence of any alternative 

rationale, we also may assume that     

! 

H0 is the only feasible explanation of 
    

! 

E "
i[ ] =1.0 . 

(3) The design of an experiment comprising a reasonably large number of 

individual observations, each of which reflects the presence/absence of the 
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identified phenomenon.  This includes such critical issues as identifying the 

statistical properties of the observations (e.g., whether or not they represent 

independent and identically distributed outcomes), how many observations will be 

made, and at what level of significance (

! 

" ) the null hypothesis will be retained or 

rejected.[4]  In testing our     

! 

H0 above, we may decide, based upon previous research, 

that the 
  

! 

"
i
 are approximately multivariate-normal random variables, uncorrelated but 

heteroscedastic.[5]  Furthermore, given data-quality constraints, we may be able to 

estimate betas from only fifty U.S. insurance companies, affording us only fifty 

observations.  Finally, we may decide, based upon common practice in the risk-

finance literature, to set   

! 

" = 0.05. 

(4) The replication of the experiment by several independent researchers.  The 

primary purpose of experimental replication is to reduce the possibility of systematic 

error (such as fraud, prejudice, and simple incompetence) associated with individual 

researchers.  A secondary purpose is to enhance the statistical significance of the 

results by adding more observations.  Thus, regardless of the particular outcome of 

our test of     

! 

H
0
, we should encourage the replication of our analysis by other 

researchers, ideally with additional data (from the U.S. and other national markets), 

and welcome the publication of such studies. 

As previously indicated, one encounters disparities in the way the SM is employed in 

different natural- and social-scientific disciplines.  These occur most conspicuously in steps (3) 

and (4) above. 

In experimental sciences such as physics and psychology, researchers frequently are able 

to make arbitrarily large numbers of the desired observations in step (3).  However, in 
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observational sciences such as astronomy and risk finance, researchers often have to work with a 

limited number of observations given by the natural or social environment (i.e., an insurance 

expert can no more create additional insurance companies than an astronomer can facilitate 

additional supernovae). 

Other discipline-based inconsistencies involve the selection of 

! 

"  in step (3) and the 

number of independent researchers in step (4).  For example, in biomedical research, scientists 

and government regulators may choose small values of 

! 

"  to protect patients from exposure to 

inadequately tested drugs.  On the other hand, in certain manufacturing processes, where the 

speed of innovation outweighs the need for statistical accuracy, larger values of 

!  

"  may be 

acceptable. 

I hasten to point out that the above disparities do not constitute the pejorative 

“ inconsistency”  mentioned in the title of this piece.  In fact, attempting to require the same 

experimental standards for all scientific disciplines, without recognizing the intrinsic differences 

among different fields, might be a good example of Emerson’s “ foolish consistency . . . the 

hobgoblin of little minds.”   However, I do believe that it is critical to insist that discipline-based 

variations in the SM be emphasized more frequently, so that people clearly understand that the 

standard of “proof” for the laws of quantum physics (for example) is quite different from that for 

the theory of evolution (or the CAPM, for that matter). 

Inconsistencies in Application 

Where consistency is essential is in the SM’s manner of application over time (within a 

given field).  Unfortunately, in virtually every scientific discipline, the SM is degraded by one or 

more of the following problems:  “apples-to-oranges”  replications, censorship of results, “double 

standards”  in setting levels of significance, and “moving targets”  in selecting hypotheses.  Unlike 
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outright fraud, which is universally condemned by the research community, these other problems 

are routinely tolerated, and even encouraged by various institutional structures and incentives.  

We now consider each of these difficulties in turn. 

“Apples-to-Oranges” Replications – From step (4) of the SM outline, we see that the 

replication of experimental results after their initial publication is crucial to the SM.  However, 

this step is rarely carried out because researchers know that scientific funding, whether from 

government agencies or private grants, tends not to be given to support projects that simply 

repeat previous work, and that scholarly journals will not publish results considered “old hat.”  

Consequently, what usually passes for a “ replication” in the sciences is actually a different 

experiment from the original – i.e., one that is sufficiently distinct to make it “ interesting”. 

Censorship of Results – In a sense, the “apples-to-oranges”  problem is a problem of a 

priori censorship, since many corroborative experiments that should be done are not done.  

Another major form of censorship is the failure of researchers to publish so-called “negative”  

results.  For example, suppose that we have derived the hypothesis     

! 

H
0
"  “ the CAPM beta for 

property-liability insurers is 1.0 in all insurance markets”  from some financial theory, and 

proceed to test it as described above.  Suppose further that we find that the data support rejecting 

our hypothesis in favor of the alternative 
    

! 

H
1
"  “ the CAPM beta for property-liability insurers is 

1.5 in all insurance markets,” but that we are unable to develop any theoretical explanation for 

    

!  

H1.  Under such circumstances, it is fairly likely that either of two things would occur:  (a) we 

would engage in self-censorship by not submitting our results for publication, or (b) we would 

submit our work for publication, but find it deemed unacceptable by scholarly journals. 

“Double Standards” in Setting Levels of Significance – Although levels of 

significance may differ by field of research, it is crucial that 

! 

"  remain constant over time within 
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a given area of investigation; otherwise, certain hypotheses may be favored over others based 

upon prejudice and other subjective considerations.  An extreme example of this problem arises 

in the field of parapsychology, where research is subjected to much smaller levels of 

! 

"  than in 

other subfields of psychology.  (See Radin, 1997 for discussions of the restrictive standards – in 

terms of experimental conditions as well as choices of 

! 

"  – required of parapsychology studies.)  

Although some would justify such double standards by stating that “extraordinary claims require 

extraordinary evidence,”  I would argue that this is an unreasonable interpretation of the SM 

outlined above.  Clearly, an experimental outcome that contradicts a previously demonstrated 

result (i.e., a result that already has satisfied step (4) above) should be met with a healthy dose of 

skepticism – after all, the prior result has passed the test of the SM, and therefore is entitled to a 

certain degree of deference.  However, if an experimental outcome is simply novel – albeit 

unsupported by theory – then it bears no burden other than the requirement of replication (step 

(4)).  Harking back to the problem of finding empirical support for 
    

! 

H
1
"  “ the CAPM beta for 

property-liability insurers is 1.5 in all insurance markets”  without any accompanying theory, I 

would argue that 
    

!  

H
1
 should be considered a perfectly legitimate and publishable result worthy of 

replication efforts. 

“Moving Targets” in Selecting Hypotheses – To maintain the integrity of the SM, it is 

imperative that researchers select the statement of the null hypothesis, as well as the level of 

significance, prior to collecting and analyzing observations.  Otherwise, they are simply “ fishing 

for significance”  by calling attention to a hypothesis only after finding it to be supported by data.  

While this practice is perfectly acceptable as an exploratory statistical technique, it can never 

satisfy step (3) of the SM.  Unfortunately, “ fishing”  is quite common in the social sciences, and 

is easily illustrated by a slight reorientation of our CAPM beta example.  Suppose that instead of 
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studying property-liability insurance per se, we simply are interested in companies with a CAPM 

beta of 1.0.  Thus, we decide to compute estimated betas from the past year for companies in 

each of 100 economic sub-sectors (one of which happens to be property-liability insurance).  

Suppose further that, after carrying out statistical tests for each of the 100 sectors at   

!  

" = 0.05, we 

find that the property-liability insurance sub-sector is the only one for which the data support a 

beta of 1.0.  If we publish this result as significant, then we are abusing the SM because we have 

identified our hypothesis a posteriori.  In other words, our conclusion would be meaningless 

because one would expect “significant”  test results from approximately 5 percent of all sub-

sectors by chance alone. 

Where Do We Go from Here? 

Although the above inconsistencies are rather serious, my purpose is not to tear down the 

SM’s basic structure, but rather to encourage researchers to conduct their investigations in a 

manner that avoids the stated flaws.  Otherwise, it is quite likely – and perhaps even inevitable – 

that important scientific phenomena will be ignored, especially if they are subtle (i.e., 

numerically small) and or transient (i.e., temporally dependent).  Researchers in the field of risk 

finance should be particularly concerned about the latter possibility because many properties of 

financial markets are sensitive to structural variations over time. 

In my next editorial, I will focus on the philosophical underpinnings of the SM, and show 

that its frequentist orientation leads to another set of difficulties, which are especially acute for 

researchers in risk finance.  Again, the purpose will not be to discard the SM, but rather to place 

it on a more effective (Bayesian) footing. 
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[1] The following statement of magician James Randi, well known for his efforts at debunking claims of the 
paranormal, undoubtedly captures the sentiments of many scientists and laypeople alike:  “ . . . [S]cience is best 
defined as a careful, disciplined, logical search for knowledge about any and all aspects of the universe, obtained by 
examination of the best available evidence and always subject to correction and improvement upon discovery of 
better evidence.  What’s left is magic.  And it doesn’ t work.”   (See Randi, 1993.) 
[2] See Powers (2007). 
[3] I will assume throughout the editorial that the reader is familiar with the context and notation of f inancial 
theory’s Capital Asset Pricing Model. 
[4] The level of significance is the maximum permissible probability of type 1 error (that is, the error of rejecting the 
null hypothesis given that the null hypothesis is true). 
[5] I.e., 

    

! 

Cov " i ," j[ ] = 0  and 
  

! 

Var " i[ ] #Var " j[ ]  for all   

! 

i " j . 


