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- Brief Communication

The “P”-Value: The Primary Alphabet of Research Revisited

Abstract

Each research roves around the P value. A value less than 0.05 is considered to be statistically
significant. Very few researchers are aware of the history, real-world significance, statistical insight,
and in-depth criticism about this monumental alphabet of research. This article will provide detailed
insight into the most common molecule of research which will be rewarding for the young students
and researchers in the primary world of research. It is not a simple value; it is the longest and
broadest description of research squeezed to a number for the ground level worker to the principal
investigator. The present review will provide a detailed and unique insight into the P value which
would be rewarding for the primary care physicians toward translating research into their clinical

practice.
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Introduction

The P value represents the probability of
an observed difference that could have
occurred by random chance. It is the
probability of getting any value in the
extreme of the probability distribution
curve. The lower the P value, the greater
is the statistical difference between the two
samples.

History

John Arbuthnot in 1710 calculated the
statistical significance of the probability
of male and female births!'? in London
for 82 years from 1629 to 1710. Hence,
the probability was 1/2%2 or 1 in 4,83
6,000,000,000,000,000,000,000 or the
P value. Arbuthnot concluded that this
was not because of a simple chance but
because of divine providence denoting
the P value.’! Karl Pearson, in Pearson’s
Chi-squared test, noted it as capital
P.0 Fisher described the level P = 0.05
or a 1 in 20 chance as the limit for
statistical significance.l’’ He evaluated a
lady’s (Muriel Bristol) claim to distinguish
the taste of how tea is prepared (first
adding the milk to the cup and then the
tea or first tea and then milk); the null
hypothesis was that she had no special
ability, the test was Fisher’s exact test, and
the P value was not significant.
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Hypothesis Testing and Simplified
P Value

For example, if one researcher used a
confidence level of 90% and the other used
a confidence level of 95% and the P value
was 0.08 (corresponding to a confidence
level of 92%), then the first researcher
would find the result as statistically
significant, whereas the second would find
it as statistically insignificant. Therefore,
the researchers report the P value and the
reader should interpret the significance
which is known as the “p-value approach to
hypothesis testing”. In a simple hypothesis,
the parameter’s value is in a single number.
In the composite hypothesis, the value
of the parameter is given by a set of
numbers. In these circumstances (so-called
composite null hypothesis), the P value
is defined by taking the least favorable
null-hypothesis case, which is typically on
the border between null and alternative.
The distribution of P values for a group of
studies is called a p-curve. A p-curve can
be used to assess the reliability of scientific
literature, such as by detecting publication
bias or p-hacking.” According to the
American Statistical Association (ASA),
P values are often misused and
misinterpreted.”) P value does not include
the design, quality, and external evidence
of a study.”) Researchers have argued to
remove the fixed significance threshold and
to interpret P values as continuous indices
of the strength of evidence against the
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null hypothesis and below a pre-specified threshold (i.e.,
5%). P values are easier to understand in percentage. For
example, a P value of 0.0385 means that there is a 3.85%
chance that our results could have happened by chance. On
the other hand, a large P value of 0.8 (80%) means that our
results have an 80% probability of happening by chance.
The smaller the P value, the more significant the result.
Graphically, the P value is the area in the tail of a probability
distribution curve to the right, and in a two-tailed test, it is
the area to the left and the right [Figure 1] [Tables 2 and 3].
For example, for two different investments A and B whose
performance varies from a standard with P values of 0.10
and 0.01, the investor will be more confident with B having
a lower P value which will have consistently different
results. American Medical Association (AMA) style uses
“P-value”, American Physicians Association (APA) style
uses “p-value”, and the American Statistical Association
uses “p-value”. Some groups use the asterisk rating
system to quote the P value: P < 0.05*, P < 0.01**, and
P < 0.001""". Most authors refer to statistically significant
as P < 0.05 and statistically highly significant as P < 0.001.
The use of the asterisk system avoids the commonly
used term significant. However, many statisticians do
not like the asterisk system. As a rule of thumb, always
the exact P value should be mentioned. The discovery
of the Higgs boson came up with the smallest P value in
research (0.0000003) and met the five-sigma threshold.

An alpha level [Table 1] is obtained by subtracting the
confidence level from 100%. For example, if we want to
be 98% confident in our research, the alpha level would
be 2% (100-98%). The P value should be compared with
the chosen alpha level. If P value < alpha, then the result
is statistically significant. Most of the research statistics is
carried out at a confidence interval (CI) of 95% or a chosen
alpha level of 5% (0.05).

Without the presence of an alpha value, the P value can
be interpreted as P > 0.10, not significant; P < 0.10,
marginally significant; P < 0.05, significant; and P < 0.01,
highly significant. When someone runs an f-test for two
samples for variances in Excel, he gets a P value, an
f-critical value [Figure 2], and an f-value. The f-value is

pvalue P-value

Observed data

Figure 1: P value from probability distribution curve (one-tailed and
two-tailed test). P-Value, Alpha level, Critical Value, E Value, q value,
Combined P Value, Augmented P value, Harmonic P value, and True error
rate
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compared with the f-critical value. If the f-critical value
is smaller than the f-value, the result is significant. The
E-value is the product of the number of tests and the
P value.®! The g-value is similar to the P value, but it
takes into account the false discovery rate.”! It is used in
multiple hypothesis testing to minimize the false positive
rate. Fisher’s combined probability test is used for data
fusion in meta-analysis. Under Fisher’s method, two small
P values, P1 and P2, combine to form a smaller P value.
For example, if both P values are around 0.10 or if one
is around 0.04 and one is around 0.25, the meta-analysis
P value is around 0.05. One can augment the P value
with a confidence interval, effect sizes, and Bayes factor.
In model building, Akaike information criteria can take
the place of the P value telling which model is the best.
The harmonic mean P value improves on the power of
Bonferroni correction by testing whether groups of P values
are statistically significant. It is an alternative to the widely
used Benjamini-Hochberg procedure (BH) for controlling
the false discovery rate. Sellke et al. have calculated the
following different error rates associated with P values
[Table 4]."

Common misinterpretations of P-value

P-values are not the probability of making a mistake.
The most common mistake is to interpret a P value as
the probability of making a mistake (a Type I error).
P value provides wrong information only when the sample
is unusual and the null hypothesis is false. Common
misinterpretations are as follows: (a) A P value > 0.05
means that no effect was observed in the study; (b) statistical
significance indicates that it is scientifically important; (c)
P < 0.05 indicates that the false positive rate is 5%; (d)
P value detects significance; (¢) a two-sided P value should
be always used; (f) when the same P values are obtained,
the results agree. Scientific conclusions and business or
policy decisions should not be based only on whether a
P value passes a specific threshold. When Sir Ronald Fisher
introduced P values, he never intended it to be the deciding

P value

Critical Value

Figure 2: P value and critical value
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Table 1: P and alpha value
P < Alpha: Statistically Significant

Table 2: Critical value

Variable Value
a 1.5
P (F<=1) 0.2
F-critical 3.0

Table 3: F critical value
F critical < F: Statistically Significant

Table 4: P and true error rate
Probability of incorrectly rejecting a true null hypothesis P
At least 23% 0.05
At least 7% 0.01

factor in such a rigid process. It should rather incorporate
scientific reasoning to reach scientific conclusions. P value
does not speak the truth about reality. The degradation
of P values into “significant” and “nonsignificant” is a
pernicious statistical practice. According to Wasserstein
et al. ' “no P value can reveal the plausibility, presence,
truth, or importance of an association or effect”. In 1885,
Edgeworth’s original intention for P value was never
meant to imply scientific importance.!'] It simply splits into
worthy and unworthy results.

To lower or not to lower the P value

According to Benjamin'¥ and loannidis,'¥ “moving the
P value threshold from. 05 to. 005 will shift one-third of
the statistically significant biomedical literature to just
suggestive. Achieving 80% power with a threshold of 0.005,
instead of 0.05, would require a 70% larger sample size
study. Researchers could abandon some good ideas, and it
would adversely affect large studies including breast cancer
screening, cardiovascular events, or cancer. Multi-Ethnic
Study of Atherosclerosis!'! had a P value between 0.05 and
0.005 (p = 0.045). Paradoxically High Breast Cancer Risk
Italian study!®! could not reach the significance threshold
set at 0.005, which shows the difficulties in reaching lower
statistical significance.

Beyond the P value: secondary evidence, data sharing,
radiomics, and hybrid and second-generation P value

Efforts should be instead for the professional statistician
to do data analysis and data sharing. When data are
shared, they may be used by other researchers to perform
alternative or supplementary analyses which may reveal
errors or inconsistencies in the original research. Radiomics
uses a large number of statistical tests; the number of
features is often greater than the number of analyzed
patients (large p, small n problem).l'®! Here, the P value
should be corrected using the Bonferroni method or
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Benjamini—-Hochberg method!'” and an optimal threshold
is not recommended.™ Radiomics helps declare the
diagnostic or prognostic value of machines or applications
in clinical imaging. Frequentist schools recommend a
hybrid combination of P value with effect size, 95% CI,
or Bayesian factors.!") Second-generation P value, on an
expanded null hypothesis,?” should contain, in addition
to the precise point null hypothesis, all other points that
are practically/clinically equivalent. An example of an
interval null hypothesis for an odds ratio (OR) may be
HO 0.95 < OR < 1.05 instead of HO OR = 1, as typically
performed in clinical research.

Fallacies of P value!®!

Generally, these factors influence P value: (a) Effect size.
An 8 kg or 10 mmHg difference will have a lower P value
than a 2 kg or 4 mmHg difference. (b) Size of the sample.
An 8 kg difference in a study with 500 participants will
give a lower P value than an 8 kg difference observed in a
study involving 250 participants in each group. (c) Spread
of the data. The spread of observations in a data set is
measured with standard deviation. The bigger the standard
deviation, the lower the P value. The following are the
fallacies of P value: (a) A single P value becomes an
issue when several tests with several variables are carried
out, for example, analysis of variance instead of repeated
t-test. (b) The presence of statistical significance does not
always indicate the presence of clinical significance. (c)
The manner how study questions were asked and they were
answered are important sources of errors (systematic error)
in obtaining a P value. Both the Fisherian and Neyman—
Pearson (N-P) schools did not advocate “P-values of less
than 0.05 as statistically significant” or “P-values of 0.02
as statistically significant.”®? This practice perpetuated by
medical journals, reviewers, and editors has made it almost
impossible for a research report to be published without
the two terms “statistically significant” or “statistically
insignificant”.

Publication bias: Selective reporting and P-Hacking

Selective reporting is where non-significant results are
not reported as top journals consider them to be less
interesting.[*! Head et al.?Y defined p-hacking as while
researchers collect the data or select the statistical analysis
until non-significant results become significant. According
to a recent editorial of Psychological Science reports, we
should be extra skeptical when the P value is only slightly
below 0.05, and the result is surprising.*® Meta-analyses
solve this issue.

Problem with P value

P-value does not tell about whether the treatment is likely
to work. It is conditioned on the null hypothesis being true.
A P value of 0.05 does not mean that the probability of our
data arose by chance alone is 1 in 20. In fact, it should be
interpreted as the chance of mistakenly rejecting the null

3



[Downloaded free from http://www.ijpvmjournal.net on Sunday, April 30, 2023, IP: 143.42.16.109]

Das and Das: The “P’-value revisited

hypothesis and concluding a successful treatment is more
in the region of 30-60%.%9 Scientific journals and text
books should elaborate on how P value should be used and
defined. Use of Bayesian statistics can re-define P value in
a better way. P value does not provide a good measure of
evidence regarding a model or hypothesis.?” Researchers
should always report additional information like mean,
standard deviation, confidence interval, R?, and effect sizes
while emphasizing P value.

Misuse of P value

American stastistical association recommends that policy
making and publication should not be performed on the sole
value of P value < 0.05. A simple numerical P value of less
than 0.05 does not mean that the results are important.>**!
American stastistical association has urged the statisticians
to come out of their field and judge the real-world scenario
while considering the P value. People want certainty.
P value should not make people want something what they
would not really get.

Conclusion

P-value is an independent and continuous variable. The
lesser the P value, the more is the statistical significance.
P value should be interpreted cautiously; one study
proposed that the statistical significance does not indicate
that it will be always clinically significant. The primary
alphabet of research introduced by Fisher still holds the
premier place in modern research.
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