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tended outcomes. The discussion emphasizes the need
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or more comprehensive assessments to avoid critical |
Simplifying complex data into single-value indices can oversights.
often do more harm than good. This article examines
three case studies—a bridge deemed “structurally de- KEYWORDS:
ficient,” a school rated “inadequate,” and transformers g
misclassified by health indices—showing how these data simplification, evaluation, misinterpretation, complex [
reductions can lead to flawed conclusions and unin- systems, asset health, risk management
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~ We have three examples of evaluating
available data to assess “fitness for
purpose” with evaluations which had
unintended consequences
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Asset health indices have similar issues,
whether a grade or a score or whatever: re-
ducing large amounts of data to a single val-
ue removes a huge amount of information

s humans, we like to categorize

things, put them in “virtual”

boxes to help us understand

the world around us [I]. It
could be as simple as “cars from manu-
facturer X are unreliable” or “people from
Liverpool have a strong sense of hu-
mour’, and so on. It can be a useful trait
to do this, as it helps us make sense of a
complex world by applying labels. But it
can also be misleading as we tend to as-
sume that everything in a box is the same
as everything else in the same box, and
everything in the box is quite different to
anything outside the box, and this is not
always the case [2].

Here, we have three examples of evalu-
ating available data to assess “fitness for
purpose” with evaluations which had un-
intended consequences.

A highway bridge on Interstate 35 in
Minneapolis, MN, built in 1967, crossed
the Mississippi River, carrying upwards
of 140,000 vehicles daily [3]. In 1990,
the bridge was classified as “structurally
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deficient” by the Federal Government
due to significant corrosion in bear-
ings. Since 1993, the bridge has been
inspected annually by the Minnesota
Department of Transport, and several
problems have been identified. In 2007,
this bridge was one of 75,000 in the USA
with a “structurally deficient” classifica-
tion and was scheduled to be replaced
in 2020. On August 1st, 2007, the bridge
collapsed, killing 13 people and injur-
ing scores more. A large investigation
followed, with many questioning how
a bridge rated as “structurally deficient”
could be left in service with such a high
volume of traffic on it: how bad were the
deficiencies and what failure modes were
involved over what time scales. There is
a lot to “unpack” from the phrase “struc-
turally deficient”

In the UK, the Government body for
standards in education and schools is
called Ofsted and evaluates schools on a
regular basis through on-site inspections
[4]. The outcome reduces the school to
a one- or two-word grade: “outstand-

ing’, “good’, “requires improvement” and
“inadequate” As one teacher noted: “If
a teacher summed up your child in one
word, how would you feel?” After one
inspection, one school was downgraded
from its regular grade of “outstanding” to
“inadequate”. The Headteacher, who had
herself been a pupil at the school, took
this very personally and very poorly: she
committed suicide, with a subsequent in-
quest stating her action was a direct result
of the evaluation process [5]. The school
review system is now being reviewed
itself — an aim is to remove the simple
categorizations (the one/two-word as-
sessments) as they do not even nearly de-
scribe the hugely complex and intricate
systems which comprise a school and its
operation: a large amount of data boiled
down to a one- or two-word summary.

Asset health indices have similar issues,
whether a grade or a score or whatever:
reducing large amounts of data to a single
value removes a huge amount of informa-
tion. OK, there isn't the same likelihood of
someone committing suicide as a result of
the evaluation, but there is a similarity in
the data “compression” To get value from
an index, we need to ensure that the index
is meaningful: avoiding what Dr. Harriet
Hall of the US Air Force called “Tooth
Fairy Science” where numbers are add-
ed, subtracted, multiplied and so on, and
a number drops out at the end which is
supposed to relate to an asset condition
[6]. An index is an estimate and thus has a
range or precision, and it should also have
some basic qualities:

+ Monotonic in urgency — a worse index
always requires more urgent interven-
tion, and we have a timescale for action

« Calibrated - the same index value for
different assets has the same urgency

« Precision — we need to know what the
range is on our estimate of condition,
and what that means for the urgency

« Auditable — when we plan an interven-
tion, we need to know which data is
driving that intervention and why

« Justifiable — we don't do things because
the index has a particular value, the
index has a particular value because,
based on our data and analyses, it re-
flects our need to do something

One way to think about the worth of an
index is to consider whether it would be
useful if you only have one asset? What
does it do for you? We need to know
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The index is a mod-
el, and all models are
wrong, but how wrong
does it have to be be-
fore it becomes unac-
ceptably wrong?

what data goes in, what analyses are
performed, and how the results are then
used to drive actions: both short-term
tactical and long-term strategic. Com-
pressing a lot of data down into a single
value and then putting it in a box marked
“adequate” means we have removed a lot
of information in the data: we have to de-
cide if that is justifiable and acceptable.

In an analysis of >900 transmission
transformers, each unit was assessed
based on available data, design/manu-
facturer information, and operational
history and placed in one of 4 health
index categories: from code 1 being ex-
pected to fail within 5 years, to code 4 be-
ing “No known fault or design defect”. 30
units which were replaced before failure
or as a consequence of failure were eval-
uated to assess the accuracy of the health
index process; of the 30 units, 20 were
in the category assessed before failure, 5
differed by one category, and 5 differed
by more than one category. The actual
index was better than expected in 7 cases
and worse than expected in 3 cases. This
demonstrates the caution we need to use
when looking at transformer health in-
dices as they may seem to be extremely
precise, but even for world-renowned
specialists such as those at National Grid
UK, there is always something new to
learn, and processes can be improved [7].

Whether we are talking about bridges,
schools or transformers, an index is a
convenient shorthand for communicat-
ing urgency, but it is not the whole pic-
ture of asset health. If you think about
it, an asset which looks perfectly healthy
based on an index is really one where
we have not categorically identified any
significant deterioration, but it may be
that we just haven't looked hard enough!
The index is a model, and all models are
wrong [8], but how wrong does it have
to be before it becomes unacceptably
wrong [9]?
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