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Abstract

There is an abundance of useful verbal information and recommendations on how to make the best choice when referring a patient for surgery or when seeking the 
right surgeon for your own operation. A quantitative approach is suggested here on how this could be done through assessing the probability of success and/or the Mean-
Time-To-Failure (MTTF) of the planned operation by considering and comparing the skills of two highly qualifi ed candidates. Then the chooser could continue this effort 
by comparing the background and the probability of success of the best one of these two candidates with the next suitable candidate, and then go on with the process 
for as many candidates as he/she would like to evaluate. The approach suggests using the double-exponential highly fl exible and highly physically meaningful probability 
Distribution Function (DEPDF) as a suitable model. This function was introduced about a decade ago in the reliability physics to quantify, on the probabilistic basis, the 
outcome of a particular engineering, ergonomics or medical undertaking of importance. The surgeon’s qualifi cations are identifi ed in our approach as Human Capacity 
Factor (HCF). Figures of Merit (FoM) of this factor consider many relevant human qualities, as well as the durations and the outcomes of the surgeon’s previous, both 
successful and failed, operations. The mental (cognitive) workload (MWL) refl ects the complexity of the operation and, in the present analysis, is assumed to be the same 
for the two surgeon’s considered. The role of an anesthesiologist is not taken into account directly in our approach: it is the surgeon who decides on his/hers partner, and 
the surgeon’s choice is viewed as part of his/hers HCF. The general concepts are illustrated by a numerical example.
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Introduction

There is, as is known, an abundance of useful verbal 
recommendations on how to choose the right surgeon when 
referring a patient for a surgery. Here are two more or less 
typical examples. S. Lewis [1] addressed knee replacement and 
suggested that the right orthopedic surgeon is found based on 
the following criteria: 1)he/she should be board certifi ed in 
orthopedic surgery with specialization in knee replacements 
(“start by creating a list of potential orthopedic surgeons and 
continued with asking family, friends, and other healthcare 
providers for recommendations”); 2) has experience in treating 
patients with your specifi c condition, such as, e.g., knee arthritis 
(“research the doctors’ credentials and experience, look for 
a knee doctor who performs knee replacements on a regular 
basis”); 3) practices at a hospital with high-quality outcomes 
in knee replacement or orthopedic surgery in general (“knee 
replacement surgery often requires a team of highly skilled and 

experienced healthcare providers”); 4) accepts your insurance 
(“to receive the most insurance benefi ts and pay the least out-
of-pocket for your surgery, you need to choose a knee surgeon 
that participates in your plan”); 5) you are comfortable talking 
with and who fully answers your questions (“...call each 
surgeon’s offi ce and ask for a consult appointment to meet and 
interview the doctor, ask yourself if... he or she respect your 
opinions and answer your questions in a way you understand”). 
P.M. Karpecki [2] suggested a “click away checklist” that can 
help to make the best choice when referring a patient for a 
cataract surgery: 1) confi rm state credentials (“the Federation 
of State Medical Boards (FSMB) can tell you if the surgeon 
is licensed in your state”; 2) confi rm surgical certifi cation 
(“the American Board of Medical Specialties (ABMS) can 
tell you if the surgeon is board certifi ed, i.e., has undergone 
lengthy training in a specialty and passed a stringent exam”; 
3) uncover professional reprimands (“FSMB will provide the 
disciplinary history of specifi c doctors in any state”); 4) check 
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ratings, number of procedures performed and complication 
rates (“ProPublica and Consumers Checkbook both have 
websites where they rate surgeons and provide information 
on the number of procedures and complication rates, based on 
recent Medicare data... To be fair to the surgeons, both adjust 
their results to allow for patients’ health status, age and 
other factors, as some surgeons take on sicker or more frail 
patients”). 

In the analysis that follows we use these and other available 
descriptive, verbal, and, hence, non-quantifi ed information as 
suitable input data for the suggested DEPDF model (see, e.g., 
[3-22]) to effectively organize and convincingly quantify, on 
the probabilistic basis, the most likely success of the planned 
operation performed by different available and experienced 
surgeons. Their professional and human qualities are identifi ed 
in our approach as Human Capacity Factor (HCF). The Figures 
of Merit (FoM) of this factor consider many relevant human 
qualities, not only strictly professional, and particularly the 
durations of the surgeon’s previous successful and failed 
operations. It is assumed, however, that the mental/cognitive 
Workload (MWL) refl ecting the complexity of the planned 
operation, is the same for the surgeon’s considered.

Analysis

Mental workload (MWL) vs. human capacity factor (HCF): 
Measuring the MWL has become, as is known, a key method 
of understanding and improving the role of the Human Factor 
(HF) in ergonomics engineering and human psychology, and 
there is an extensive published work on this subject (see, e.g., 
[9]). In this analysis it is assumed that the MWL is associated 
with the complexity of the anticipated operation and is the 
same for the two hypothetical surgeon’s compared. HCF, 
unlike MWL, is a relatively new notion [3-6]. HCF plays with 
respect to the MWL approximately the same role as strength/
capacity plays with respect to stress/demand in structural 
analyses and in economics demand-vs-supply problems. 
HCF includes, but might not be limited to, the following 
major qualities that would enable a surgeon to successfully 
cope with an elevated MWL (see, e.g., [4,6]): age; fi tness; 
state-of-health; psychological suitability for a surgical 
challenge; level of professional experience and qualifi cations; 
education, both special and general; relevant capabilities and 
skills; level, quality and timeliness of professional training; 
performance sustainability (consistency, predictability); 
independent thinking and acting; ability to concentrate, 
to anticipate, to withstand fatigue and to act in cold blood, 
when necessary; self-control and mature (realistic) thinking; 
ability to operate effectively under pressure, and particularly 
under time pressure, in a tireless fashion, for a long period of 
time (tolerance to stress); ability to make well substantiated 
decisions in a short period of time and quite often in uncertain 
environmental conditions; leadership ability; swiftness in 
reaction, when necessary; adequate trust (in assisting humans, 
technologies, equipment, instrumentation); and, certainly, 
ability to maintain the optimal level of physiological arousal. 
To come up with suitable Figures-of-Merit (FoM) for the HCF, 
one could rank the above, and perhaps other qualities, on the 

scale from, say, one to ten, and calculate the average FoM 
for each surgeon and/or task. Clearly, MWL and HCF should 
use the same measurement units, which could be particularly 
non-dimensional (see Table 1 below). Special (accelerated) 
tests might be necessary to develop and conduct to establish 
the level of these qualities for surgeons, and particularly the 
average time for carrying out an operation. The importance of 
the relative levels of the MWL and the HCF in various other-
than-surgical Human-in-the-Loop (HITL) problems has been 
addressed and discussed in several earlier publications (see, 
e.g., [6-10]). 

Double-Exponential Probability Distribution Function (DEPDF) 
for the application in question: We proceed from the following 
expression for the probability 
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of non-failure of the planned surgical operation, when 
quantifying, on the probabilistic basis, its outcome and to 

select the most suitable surgeon to do it. Here 
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the surgeon’s HCF, F, to the most likely MWL G associated with 
the complexity of the operation and its possible consequences 
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planned operation is independent of the particular surgeon’s 
qualifi cations and skills (in effect, a surgical operation, as any 
other human activity, is somewhat less complicated for an 
individual of high HCF, but an assessment of this effect is of 
secondary importance and is beyond the scope of this analysis), 
i.e., of his/hers HCF, considering the professional records of two 
surgeons, #1and #2. Based on this assumption, we conclude 

that the following equation 1 2
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The distribution (1) makes physical sense. Indeed, the 
probability p of non-failure increases with an increase in the 

ratio 
F

G
 of the HCF to the most likely MWL and decreases with 

an increase in the “dimensionless time” t.

The entropy ( ) lnH P P P   of the distribution (1) has its 

maximum 
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  at the probability-of-non-failure 

1.P e


  The corresponding time 
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can be considered, by analogy with the Arrhenius equation 
(see, e.g., [20]) in physical chemistry, as the Mean-Time to 
Failure (MTTF). Note, that the basic equation (1) could be 
written, considering (3), as
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and that the time derivative of the probability (1) of non-
failure is 
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This relationship explains the physical meaning of the basic 
distribution (1): The time derivative of the probability of non-
failure is, in effect, the ratio of the entropy of this distribution 
to time.

Numerical example

Let surgeon #1 (see Table 1) perform 100 operations 
and 92 of them were successful (by whatever criteria). 
The average duration of each operation, both successful 
or failed ones, was, say, 3 h=10,800s. Hence, P1 = 0.92 
and t1 =10,800s. Then, using the notation in (2), we have: 

ln ln 0.92 6 11 7.7205 101
108001

P
n x s

t

   
   . Let surgeon #2 perform 

50 operations of the same type and complexity, and 45 of them 
were successful, so that P2 = 0.90 Let the average duration of 

Table 1: Surgeon's Human Capacity Factor (HCF) Figures of Merit (example): Hypothetical ratings from one to ten.

No. Surgeon's Human Capacity Factor (HCF) Qualities

Figures of merit (FoM)
put together (from 1 to 10) by 

analogy with Capt. Sullenberger's, 
hero of the famous "Miracle on the 

Hudson" event, FoM [7]

Comments

Surgeon #1 Surgeon #2

1
Possession of the American Board of Medical Specialties (ABMS) certifi cation 

in the given fi eld of surgery with particular specialization 10 10

The fi rst seven items are those indicated by S. 
Lewis [1] and P.M.Karpecki [2].

The fi gures of merit numbers are rather 
arbitrary. They are merely illustrations to the 
objective to show how critical human factors 
that are addressed, as a rule, as verbal and, 
hence, unquantifi able, could be nevertheless 

quantifi ed on the probabilistic basis 

2 Years of experience in treating patients in specifi c condition of importance 9 9

3
Practice at a hospital with known high-quality outcomes in the given fi eld of 

surgery 
9 9

4 Accepts your insurance and is comfortable to talk with 9 9
5 State credentials: licenses in your state 9 9

6
Professional Federation of State Medical Boards (FSMB) reprimands (the 

disciplinary history of specifi c doctors), if any 10 (none) 10 (none)

7

Ratings, number of procedures performed and complication rates (could 
be found in "ProPublica and Consumers’ Checkbook websites where they 
rate surgeons and provide information on the number of procedures and 

complication rates, based on recent Medicare data)
9 9

8
Performance sustainability/consistency/predictability: total number of 

operations and successful operations during the last ten years (if available) 8 8

“The entire life up to this moment was a 
preparation for this moment”, 

Capt. Sullenberger

9
Performance sustainability/consistency/predictability: total number of 
operations and failed operations during the last ten years (if available) 9 9

10
Age (best age seems to be between, say, 45 and 65), fi tness, general and 

current state of health 
10 8

11
Psychological suitability for a surgical challenge and attributes, professional 

qualifi cations, experience, relevant capabilities and skills; were his/hers 
parents also surgeons or, if not, medical doctors at least?

10 10
"I was sure I could do it”, 

Capt. Sullenberger

12
Education, both special and general, quality and timeliness of professional 

training (medical schools graduated from; continued professional training and 
courses, etc.)

10 10

“I am not just a pilot of that fl ight. I am also a 
pilot who has fl own for 43 years…”

Capt. Sullenberger
13 Leadership ability, independent and mature (realistic) thinking and acting 10 10

14 Ability to anticipate (“expecting the unexpected”) and to concentrate
10 10

“We are going to be in the Hudson”,
Capt. Sullenberger

15 High level of self-control and ability to act in cold blood (“cool demeanor”) 8 8

16

Tolerance to stress (ability to withstand fatigue, to operate effectively in a 
tireless fashion and for a long enough time; to act effectively under time 

pressure and make well substantiated decisions in a short period of time and 
sometimes even in an uncertain conditions and to maintain the optimal level of 

physiological arousal)
9 9

This information could presumably be obtained 
as a result of FOAT testing on a fl ight simulator 

(see [13])

17
Adequate trust (in assessing humans, technologies, equipment, 

instrumentation)
8 8 See [11,19]

18 Average time to perform an operation 9 8
Total 156 153

Average HCF (F) 8.6667 8.5000
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each operation, regardless of the outcome, was, say, t2 = 2.5h 

= 9,000s. Then 
ln ln 0.90 6 12 11.7067 102

90002

P
n x s

t

   
   . Using 

the fi rst formula in (2) and the HCF FoMs from Table 1, we have: 
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Then the MWL FoM can be found as
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MTTFs predicted by (3) are
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No wonder that these MTTF are signifi cantly longer than 
the times of operations (both surgeons are highly qualifi ed) 
and that this time is appreciably larger for surgeon #1, because 
his/hers HCF is higher.

Discussion

The author understands, of course, that the suggested 
approach is just an attempt to quantify things that are 
usually perceived as unquantifi able. The approach could be 
used in addition to, but never instead of, the natural, “old-
fashioned”, “verbal” analyses and considerations. Being, 
fi rst of all, an applied mathematician, applied physicist 
and a materials scientist, the author believes that it is hard 
to improve anything, if the outcome of an undertaking of 
importance is not quantifi ed, and that, because of various 
unpredictable intervening infl uences, such a quantifi cation 
should be done on the probabilistic basis. The majority of the 
literature references in this paper refl ect this consideration. 
This take is both a limitation and a strength of the approach. 
It is a limitation, because the reader is expected to have some 
knowledge of more or less elementary math (such as calculus 
and applied probability), and it is also a strength, because the 
reader/user, who possesses such knowledge, could benefi t 
from using the suggested quantifi cation-based judgment. In 
this connection I, the author, would like to quote the famous 
German physicist Heinrich Hertz, who said that “mathematical 

formulas have their own life, they are smarter than we, even 
smarter than their authors, and often provide more than 
what has been expected from them” and the great French 
mathematician Pierre-Simone Laplace, the founder of the 
applied probability theory, who indicated that this theory “is 
nothing but common sense reduced to calculation”. So, the 
suggested approach strengthens, in the author’s opinion, the 
common sense of the individual who tries to fi nd the most 
suitable surgeon for the anticipated operation. As a matter of 
fact, two evaluation techniques are suggested in this paper. 
The fi rst one is based on the average Human Capacity Factor 
(HCF) calculated in Table 1. This technique simply enables the 
chooser to consider different characteristics/”capacities” of 
the surgeons under consideration, but is unable to assess the 
probabilistic characteristics of the professional performance of 
the two individuals. This assessment is done by introducing 
a physically meaningful double-exponential probability 
distribution function (1), which provides an exhaustive, 
ultimate description of the variables of importance. The 
calculated “tau” value, the mean time to failure (MTTF), is a 
convenient characteristic of the ability of the surgeon to carry 
out a failure-free operation: if this time is signifi cant, then 
there is a good reason to believe that the given surgeon handles 
the time effectively and skillfully, in a failure free fashion. As 
to the entropy, it is, as is known, an important characteristic 
of a probability distribution and, as follows from the formula 
(5), explains the physics underlying the basic distribution (1): 
The time derivative of the probability of human non-failure is 
proportional to this entropy and is inversely proportional to 
time. The HCF alone does not provide this physically important 
information, does it?

Will a patient be able to use the information addressed in 
this paper? Well, it depends on the patient. Someone like myself 
will. His/hers level of applied math could very well be higher 
than that of a surgeon. The math in this analysis is certainly 
within the framework of calculus and applied probability that 
are taught in universities. But even if the patient himself/
herself will not be able to use all the math that is considered 
in this paper, he/she would always be able to fi nd someone 
who will be able to at least fi ll out the Table 1. As to the Mental 
Workload (MWL) G value, it is assumed in our analysis that 
this value refl ects, fi rst of all, the complexity of the operation, 
and this complexity, although depends on many factors, could 
be assumed to be independent of a particular surgeon and his/
hers HCF. It is true that the MWL level might be a little lower 
for a surgeon of high HCF, but this circumstance is viewed as 
one of a low importance, compared to the patient condition 
and, perhaps, other factors affecting the level of the complexity 
of the operation. The potential users of the suggested 
methodology could be advisors with a background, fi rst of all, 
in a surgical profession. Perhaps, a special document should be 
developed based on the methodology, suggested in this paper.

Conclusion

A quantitative approach is suggested on how to evaluate 
probabilistic characteristics of a potential surgeon for a 
planned operation. It is shown that that could be done through 
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assessing the probability of success and/or the MTTF of the 
planned operation for the two particular available highly 
qualifi ed surgeons. Then the chooser could continue his/hers 
effort by comparing the background and the probability of 
success of the best of the two candidates with the next suitable 
one, and then continue the process for as many candidates as 
he/she would like to. The approach is based on the use of the 
double-exponential highly physically meaningful probability 
distribution function.
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