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Delta: The Value That Matters in Fatigue Risk
Management
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INTRODUCTION:  Noninferiority or equivalence testing are often used when comparing a novel pharmaceutical, operation, or procedure
to the current standard designated as safe. Noninferiority and equivalence testing require estimates of a metric called
delta: the margin of meaningful difference. Inappropriate delta margins can lead to invalid conclusions, thereby creating

uncertainty about a study’s scientific credibility. We recommend that a working group be convened with the following

goals: 1) to evaluate delta values currently in use in aviation; 2) to determine if it is possible to develop a systematic,
evidence-based, and replicable process to derive delta values based on statistical properties from population data,
rather than a mixture of evidence- and opinion-based processes; and 3) based on the findings of the second goal,
update the current delta values in use in aviation. This working group should include, at a minimum, government
agencies and other key stakeholders using these values within operational settings.

KEYWORDS:
safety, flight operations.

aviation, safety performance indicators, delta values, noninferiority testing, equivalence testing, sleepiness, fatigue,

Lamp ACM, Rempe MJ, Belenky GL. Delta: the value that matters in fatigue risk management. Aerosp Med Hum Perform. 2021; 92(2):127-128.

oninferiority or equivalence testing are often used

when comparing a new or novel pharmaceutical, oper-

ation, protocol, piece of equipment, or procedure to
the current standard designated as safe.! The aim of equivalence
testing is to test whether or not a new protocol, operation, etc.
has analogous results to a control or what is otherwise consid-
ered a standard protocol.” The aim of noninferiority testing is to
test whether a new or novel group is found to be not inferior to
(i.e., equal to or better than; as safe as or safer than) the standard
of care or standard of safety.? The literature on traditional differ-
ence testing acknowledges that just because two groups are not
statistically different does not mean they are equivalent.”® This
is critical to underline because the consequences of such a prob-
lematic assumption can be dire, e.g., in healthcare, assuming
that two drugs are not statistically different and are therefore
equivalent can lead to significant, previously undetected adverse
effects. Therefore, equivalence testing or noninferiority testing
must be performed to verify the equivalence or noninferiority
(which encompasses equivalence and superiority) of the novel
in comparison to the standard.

Both equivalence and noninferiority can be detected through
the combination of graphical inspection of data and a modified
t-test. To detect equivalence, the procedure is to use a two one-
sided t-test and, to detect noninferiority, a one-sided t-test is

used. In both cases, the parameter that is tested is the difference
between the experimental and control values of a specific out-
come, e.g., a safety performance indicator (SPI).* The modified
t-tests that support equivalence and noninferiority testing require
estimates of a metric typically referred to as delta: the margin (+
delta/ — delta) above or below which the parameters being com-
pared are no longer considered equivalent and/or noninferior.?
Delta is expressed in SPI units and designates the margin of
meaningful difference (also expressed as the smallest clinically
or operationally relevant change?). This means that the range
within the + and — delta is expected to be a clinically or opera-
tionally acceptable difference that does not have a significant
effect on the safety or performance of the drug, device, proce-
dure, protocol, or operation under investigation.8 Therefore,
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when the mean and 95% (standard) confidence interval of the
data fall within this range (i.e., between the + delta / — delta) it
is considered tolerable and inconsequential.'®

The statistical analyses available for equivalence and nonin-
feriority testing with the required delta values have been used
extensively within the pharmaceutical industry and by the Food
and Drug Administration (FDA), specifically to approve a new
pharmaceutical or medical device. The FDA also has published
industry-wide guidance for any investigator conducting equiv-
alence or noninferiority trials.” The FDA has a systematic, doc-
umented process for setting delta values. Typically, delta values
are set from prior data and/or by a committee of experts prior
to beginning an evaluation of a drug or device. To the authors’
knowledge there is no systematic, widely available, transparent,
documented process for setting delta values for Fatigue Risk
Management in aviation even though there are a standard set of
delta values used for assessing cognitive performance, sleep,
fatigue, and sleepiness. The current delta margins, such as those
used for assessment of sleep and alertness in medical trainees,
are informed by consensus statements, experts in the respective
fields, and studies on chronic sleep restriction, but not esti-
mated specifically from the populations being studied’ or, as in
aviation, have been estimated from the population being stud-
ied but could be strengthened by industry-wide consensus
from experts in the field with additional sources of airline data
not used in the original study.'® Inappropriate delta margins
can yield inappropriate assumptions about statistical power and
lead to invalid conclusions, thereby creating uncertainty about
the scientific credibility of the study.® Thus, caution must be
taken in, and sound logic must be applied to, the critical step of
choosing the delta margins a priori for all SPIs due to potential
safety consequences. The delta values should also be estimated
from the population being studied.

We recommend that a working group be convened with the
following goals: 1) to evaluate delta values currently in use in
aviation that use the SPIs of sleep, fatigue, and performance; 2) to
determine if it is possible to develop a systematic, evidence-
based, and replicable process to derive delta values based on sta-
tistical properties from population data, rather than a mixture of
evidence- and opinion-based processes; and 3) based on the
findings of the second goal, update the current delta values in use
in aviation that use the SPIs of sleep, fatigue, and performance.
This working group should periodically re-evaluate the delta val-
ues as more data and technology become available. This working

group should include, at a minimum, government agencies
overseeing the use of these values (e.g., the Federal Aviation
Administration) and other key stakeholders using these values
(e.g., commercial airline representatives, union representatives,
and respective sleep and performance scientists) within opera-
tional settings to put delta values on firm empirical footing.
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