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Rejoinder: Concert Unlikely, “Jugalbandi”
Perhaps
Nozer D. Singpurwalla

Abstract. This rejoinder to the discussants of Filtering and Tracking Sur-
vival Propensity begins with a brief history of the statistical aspects of reli-
ability and its impact on survival analysis and responds to the several issues
raised by the discussants, some of which are conceptual and some pragmatic.
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The current version of this paper would not have
come into being without the endless patience and self-
less encouragement of the Editor and the Associate Ed-
itor. They orchestrated a series of demanding, but in-
sightful, referee reports followed up by reactions from
four discussants, each adding a new dimension to the
paper. The author is indebted to each discussant for
raising several issues, almost all of them brutally pierc-
ing, and most of them germane. To ensure the paper’s
completeness, I am obliged to respond to these, and
will do so, but in the context of a historical develop-
ment. The hope here is that a historical perspective
could help diffuse some of the concerns expressed. But
before doing this, it is appropriate to start with the cau-
tionary comment that history is written from the van-
tage point of the writer, and thus what follows is a man-
ifestation of this thesis.

Engineering reliability, and its offshoot survival
analysis, have garnered a track record of success start-
ing with the work of von Braun and his rocket scien-
tists. But the beginning of its statistical dimension can
be attributed to Epstein and Sobel’s (1953, 1954) pa-
pers on life testing for the exponential under different
censoring protocols. Whereas relevance of the Weibull
for describing lifetime data was advocated by Weibull
(1951), its endorsement as a general distribution for
use in reliability came about because of a series of pa-
pers by John H. K. Kao, two of which are (Kao, 1956,
1959). The U.S. Department of Defense found value
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in all of the above works, and codified them as Mili-
tary Standards. At about this time, Kaplan and Meier
(1958) published their paper on survival function esti-
mation, with a focus on medical applications. This pa-
per was a landmark event in survival analysis (followed
by the more encompassing paper by David Cox, 1972).
Whereas Kaplan–Meier make reference to Epstein and
Sobel, they also cite Davis (1952) on the analysis of
failure data, suggesting a time frame which precedes
1953.

It therefore seems appropriate to claim that a para-
digm for statistical inference in reliability and survival
analysis was formulated by the above individuals, and
was based on the state of the art of their times. Specif-
ically, reliability was conceptualized as an objective,
frequency based probability, that is fixed at the time of
assessment, over all future time. This viewpoint was
also embraced in the books by Barlow and Proschan
(1965, 1975), on the mathematical theory of reliabil-
ity, and by Gnedenko, Belyaev and Soloview (1965),
in their book on reliability; this book was awarded the
Soviet State Prize.

Whereas excursions from this paradigm have ap-
peared in the literature, its essential dominance pre-
vails. Regarding excursions, the notion that reliabil-
ity could be dynamic was articulated by Arjas (1981).
Also, papers invoking the Bayesian argument for one
of a kind entity, like nuclear reactors, began to ap-
pear in the mid 1970s (cf. Wash 1400, 1975). However,
these Bayesian works lacked a philosophical compass,
and the goal of this paper is to propose one. The gen-
esis of the compass can be traced to Dennis Lindley’s
visit to Richard Barlow at Berkley. Lindley emphasized
the importance of thinking like a Bayesian, over the
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mechanical process of assigning arbitrary priors and
turning the crank. In the sequel, it became transparent
that a defensible foundation for reliability (and survival
analysis) can be had if reliability were interpreted as
a chance, not a probability. This viewpoint would en-
able one to introduce a dynamic into the process and
also consider one of a kind scenarios. Furthermore, it
would enable one to endow a personal probability to an
unknown chance, and avoid the conundrum of endow-
ing a probability to a probability.

Hopefully, the above preamble provides a context for
a reply to the discussants who fall in two categories.
The first are those who seem to be in overall agreement
with the thesis that reliability is a dynamic entity, or are
at least partial to it, but nonetheless seem to say “what
is new here? Laplace has said it a long time ago, and
Dawid has said it more recently”. First, an apology to
Phil for not mentioning Dawid (2004), though I had
seen his paper, albeit in a different context. The second
category of discussants wants to know how a change
in the current view will help their day to day activities
like tracking software, administering drugs or changing
a bicycle tyre.

Frank Coolen’s Section 2, captures the essence of my
paper, and adds to it, by highlighting the work done by
him and his co-workers. In the sequel, he alludes to
the matter of partial exchangeability, raises the spec-
tre of multiple propensities, and flirts with the notion
of a probabilistic structure function. All these are ideas
worth pursuing, but his kiss of death appears in his last
sentence, questioning benefit. My response to him is
the same I give to Professor Jane Hutton’s discussion
which begins with the salvo “What does ‘propensity’
add; as yet I have not found benefit”. My answer is
simple: clarity of thought! To her question “does it mat-
ter in practice”, my answer is yes, especially when it
comes to changing bicycle tyres. This is because each
rider has a unique riding style, and a unique route.
Furthermore, the bicycle experiences deterioration due
to wear and tear. The tyre replacement phenomenon
therefore needs to be modelled dynamically, and via a
Bayesian approach. Were the bicycle’s reliability be in-
terpreted as a probability, then a prior probability on it
would be tantamount to placing a bet on a bet. There
are other matters in Professor Hutton’s discussion that
warrant comment. First, to Kolmogorov, it is the very
notion of probability that is an undefined primitive, not
merely the axioms of probability. Second, propensity
has not been taken as an interpretation of probability;
much verbiage is devoted to make the case that it is
not. Propensity is seen as a primitive which manifests

as a frequency, or put differently, the cause of an ob-
served frequency is propensity. Finally, there is a differ-
ence between notional infinite repetitions used to de-
fine probability, versus a theorem being valid for any
finite sequence that is a sub-set of an infinite sequence.
Regarding the motto of remaining silent in the context
of entirely unique entities, whereas silence is golden,
it may be necessary to yell when a gun is held to your
head, and you are forced to make a decision.

Elja Arjas, who has made substantial, but subtle,
contributions to reliability and survival analysis, intro-
duces the metaphor of wearing two hats, presumably,
one in spring and the other in summer. In so doing,
he encapsulates the essence of the idea of sequentially
linking propensity and probability more transparently
than my paper does. I am in agreement with much of
the rest of what he has to say, including the feature that
θ remains in the intellectual world, though I may have
slipped by calling θ objective, and becoming a victim
of mind projection fallacy. Arjas’ crucially important
remark pertaining to his duck test, was also raised by
Jim Berger as an off-hand cocktail hour conversation
in Varanasi, India. The response here is that one may
use any approach one feels appropriate to reflect ones
sense of the strength of propensity, be it a scientific
theory, or a probability based system of rules; I have
chosen the latter.

Glen Shafer’s encompassing knowledge on the foun-
dations of probability, as evidenced by his several pub-
lications on the topic, Shafer (1990) being an exam-
ple I neglected to cite and for which I owe him an
apology, helps cast the paper in a broader philosoph-
ical and historical perspective. Shafer’s insertion of his
recent works on defensive forecasting, game-theoretic
generalizations of Kolmogorov’s framework and his
discourse on the works of Ville (1939) and Bienvenu,
Shafer and Shen (2009), endow a uniquely different di-
mension to the subject of this paper that could have an
impact on its future development. Whereas Shafer is
eminently known for his work on belief functions, my
first encounter with him was in the context of reliabil-
ity when along with Melvin Springer he wrote a paper
alluding to a use of belief functions in reliability. Cur-
rently, there is a plethora of papers using belief func-
tions in the context of prognosis, a latest one being in
the context of rechargeable batteries (He et al., 2011).

Whereas Shafer endorses a main thesis of the paper
that an objective probability is, and has been dynamic,
he does not see a need for reliance on exchangeability. I
am tempted to agree, but find exchangeability a conve-
nient stepping stone. Shafer also claims that efforts at
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reconciliation of the different interpretations of proba-
bility have not gained much traction. This sentiment is
also apparent in Arjas’ kiss of death, which arrives in
the guise of a dissonance in western classical music. It
is unlikely that Popper and de Finetti would have ap-
peared on the same concert stage. But if Popper were
a guitar, and de Finetti a sitar, then there would be an
uplifting jugalbandi (entwined twins) of saval–javab
(question–answer) in a concert of Hindustani classical
music with the guitar playing the saval and the sitar
playing the javab. I rest my case!
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