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Trial by Numbers

Uncertainty in the Quest

For Truth and Justice

“All results for every forensic science
method should indicate the uncertainty
in the measurements that are made, and
studies must be conducted that enable
the estimation of those values.”!

On Aug. 5, 2010, prosecution
expert Rod Gullberg was handed a
breath alcohol test ticket with the val-
ues 0.081 and 0.080 printed on it.
Assuming the lab followed proper qual-
ity assurance procedures and testing
protocols, all parties agreed that these
were the results of an accurate and reli-
able test. Gullberg was then asked, given
these results and the fact that this was
an accurate and reliable test, could he
state beyond a reasonable doubt that
this individual’s breath alcohol concen-
tration (BAC) exceeded a 0.080 (the per
se limit in the state of Washington).
Gullberg responded: “I would have to
say yes based on these results here.”

Similar evidence and testimony,
concerning a range of forensic meas-
urements, are introduced in court-
rooms around the country every day.
And based on such evidence and testi-
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mony, citizens accused of all manner of
crimes are found guilty. In the context
of a prosecution for driving under the
influence of alcohol, where guilt may
be based on a number alone and a
machine is the only way to determine
an individual’s breath or blood alcohol
concentration, many simply plead
guilty in the face of such evidence. But
what if the results from an accurate and

Figure 1

reliable test do not actually mean what
most of us presume?

Despite the fact that the test under
consideration was agreed to be accu-
rate and reliable, within 10 minutes of
his testimony Gullberg reversed him-
self, stating that he could not conclude
based on the test results that the indi-
vidual’s BAC was in excess of a 0.080.
In fact, he conceded that while the test
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was accurate and reliable, there was
actually a 44 percent likelihood that the
individual’s BAC was below a 0.080!
Far more than a reasonable doubt,
these “accurate and reliable” test results
barely established the conclusion as
more likely than not! Absent those crit-
ical 10 minutes, an innocent citizen
could have been convicted based on
evidence that meant something very
different from what the state presented
it to establish.

What happened in those 10 min-
utes to change Gullberg’s opinion? Did
he lie? Were the wrong values printed
on the breath test ticket? Was there
something wrong with the test?

Measurement Uncertainty

To many, the result of a measure-
ment represents a singular, well-
defined property of a thing being
measured (the “measurand”). In such a
world, a breath test result of 0.080
would be interpreted as representing
an individual’s true and specific breath
alcohol concentration.? (See Figure 1.)

Unfortunately, reality is not quite
so simple. For even the most carefully
performed measurement, the value of a
thing being measured can never be
known exactly; all that can ever be
given is an estimated value.’

[Flor a given measurand and a
given result of measurement of
it, there is not one value but an
infinite number of values dis-

Figure 3

persed about the result that are
consistent with all of the obser-
vations and data and one’s
knowledge of the physical
world, and that with varying
degrees of credibility can be
attributed to the measurand.’

Thus, in the real world, a breath
test result of 0.080 is more appropriate-
ly represented as a packet of values, any
of which could actually be attributed to
an individual’s BAC. (See Figure 2.)

If the illustration in Figure 2 is
reminiscent of the familiar Bell Curve,
it is no coincidence. The information
obtained from a measurement, which
we call its result, is actually a probabil-
ity distribution that characterizes our
knowledge of the measured quantity.’
That we can never know the singular
true value of the thing being measured
is due to many factors including “mea-
surement error” and imperfect infor-
mation concerning the measuring sys-
tem and thing to be measured.

Measurement uncertainty “reflects
the lack of exact knowledge of the
value of the measurand.” It provides a
quantitative statement characterizing
the dispersion of values that can actu-
ally and “reasonably be attributed to
the measurand.”” It is well-recognized
that “the result of a measurement is
only an approximation or estimate of
the value of the specific quantity sub-
ject to measurement and thus the result
is complete only when accompanied by
a quantitative statement of its uncer-

tainty.”® For example, “[n]umerical
data reported in a scientific paper
include not just a single value (point
estimate) but also a range of plausible
values (e.g., a confidence interval, or
interval of uncertainty).”

The most common way of express-
ing measurement uncertainty is as a
coverage interval. It consists of a range
of values that can be attributed to the
measurand as well as a level of confi-
dence that the “true” value is contained
within that range. Assuming a measured
value of ¥ and an expanded uncertainty
U determined to have a 95 percent like-
lihood of containing the true value of a
measurand, a complete measurement
result X and the accompanying coverage
interval would be expressed as follows:

Measurement Result =
Value * Uncertainty

X=y+U(95%)
Coverage Interval

y—-U=sX<y+U

Returning to the example of a
breath test result of 0.080, and assuming
an uncertainty of £ 0.010 with a 95 per-
cent level of confidence, the right and
wrong way to conceive of and report the
result of the BAC measurement is shown
in Figure 3.

Thus, despite the fact that the value
reported is a 0.080, all we can really say
is that the values that can actually be
attributed to the BAC in question range
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from .070 to .090 with a 95 percent
level of confidence. This applies to all
forensic measurements. Whether it is
measuring the level of blood alcohol in
an individual, the heroin content of a
sample or any other quantity subject to
measurement, the quantities of interest

Figure 4: Cause and Effect Diagram

can be determined “only within a con-
fidence interval of possible values.”"
Although there are different
approaches for determining uncertain-
ty,'! the same general principles and
tools utilized are applicable to all meas-
urements.” First, all sources of uncer-

Calibration Measurement
Reference
Material Environmental \ Sampling
Factors
Precision Operator
Bias Measurand
Effects
» Result (1)
Detector
Electronic
Stability
Mechanical
Effects
Instrumental
Figure 5: Uncertainty Budget
Uncertainty Source Type A | TypeB
Calibration
Ref. Mat. 052
Precision | . 080
Bias 068
Combined Uncertainty by Type | .105 052
Combined Uncertainty Calibration 117
Instrumental
Mechanical Effects | .064
Electronic Stability | .055
Detector 041
Combined Uncertainty by Type | .084 041
Combined Uncertainty Instrumental 093
Measurement
Environmental Factors | .101
Sampling | .112
Operator | .064
Measurand Effects 055
Combined Uncertainty by Type | .164 055
Combined Uncertainty Measurement 173
Total Uncertainty
Combined Uncertainty 229
Expanded Uncertainty (k=2) £ .458
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tainty that may affect the use to which
the result is put must be taken into
account.” A common way to document
sources of measurement uncertainty, as
well as their relationship to each other
and the final result, is a cause and effect
diagram. (See Figure 4.)

Once the relevant sources of uncer-
tainty have been identified, the amount
of uncertainty contributed by each
must be determined." These values are
then added together to yield the com-
bined uncertainty, #e."* Multiplying the
combined uncertainty by an appropri-
ate coverage factor, k, generates the
expanded uncertainty,U = ke, dis-
cussed above.' This information is
commonly documented in an uncer-
tainty budget."” (See Figure 5.)

The coverage factor, shown in
Figure 6, is important because it deter-
mines how large the coverage interval
will be and the level of confidence
associated with it. The actual level of
confidence associated with a given cov-
erage factor depends upon the proba-
bility distribution associated with the
measurement. For most real world sit-
uations, the underlying distribution
will be approximately normal® so that
k = 2 yields a level of confidence of
approximately 95 percent and k =
2.576 gives a level of confidence of
approximately 99 percent.

Coverage Interval®™

y—kpe <X <y+kue

One important thing to note is that
the uncertainty associated with a meas-
urement is likely to differ when the
measurement comes from two different
sources. Accordingly, even where two
measurements from distinct entities
report identical values, the results may
have very different meanings. For exam-
ple, assume two individuals submit to a
breath test but on different breath test
machines, and that each test yields a
value of 0.095.* Given that the uncer-
tainties associated with each test are
likely different, the values reported may
give a clear indication that one of these
individual’s BAC is over a 0.08 while
revealing that the values that could actu-
ally and reasonably be attributed to the
other’s BAC include those under the per
se threshold. (See Figure 7.)

Here, identical test values but with
different uncertainties yield different
results®’ and different interpretations.
Depending on which circumstance
applies, a jury may come to a very dif-
ferent conclusion. Clearly, “considering
or not the uncertainty of a critical
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result can make the difference between
acquittal and a guilty sentence.”?
Again, the same thing applies to all
measurements, not just those pertain-
ing to forensic alcohol analysis.”

Knowledge of the uncertainty
associated with measurement
results is essential to the inter-
pretation of the results. Without
quantitative assessments of
uncertainty, it is impossible to
decide whether observed differ-
ences between results reflect
more than experimental vari-
ability, whether test items com-
ply with specifications, or
whether laws based on limits
have been broken. Without
information on uncertainty,
there is a risk of misinterpreta-
tion of results. Incorrect deci-
sions taken on such a basis may
result in unnecessary expendi-
ture in industry, incorrect pros-
ecution in law, or adverse health
or social consequences.

Measurement uncertainty is “funda-
mental to the interpretation and report-
ing of results” Absent a statement of
uncertainty, a result “lacks worth [and]
credibility”” and may be considered
“meaningless.”* In particular, “[a]ll
results for every forensic science method
should indicate the uncertainty in the
measurements that are made.”” When
the result of a forensic measurement is
reported simply as ““a number, it does
not reflect the accuracy of the measure-
ment and cannot be properly interpret-
ed”” “Estimating and reporting meas-
urement uncertainty with the number
completes the picture and allows us to
properly use the result to make reliable
and defensible decisions.””

Some Answers

What happened in those critical 10
minutes to change Rod Gullberg’s opin-
ion? When he was initially presented
with the “results” of the breath test in
question, they were incomplete because
they did not include any information
concerning their uncertainty. (See
Figure 8.) As already shown, the picture
created by such incomplete results is
rather simplistic. (See Figure 9.)

Without more information, the
breath test ticket clearly seems to com-
municate that the BAC of the individual
in question exceeded the legal limit.

It was only after Gullberg had
declared that he could conclude that this
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individual’s BAC exceeded a 0.080
beyond a reasonable doubt that he was
provided with the test’s uncertainty. To a
99 percent level of confidence, the cover-
age interval was defined as 0.0731 to
0.0877. That means the values that could

actually and reasonably be attributed to
the BAC in question ranged from 0.0731
to 0.0877 with a 99 percent level of con-
fidence. This creates a very different pic-
ture indeed.

In fact, by visual inspection alone

Figure 6: Distributions, Coverage Factors and Coverage Intervals
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(Figures 10 and 11) we can determine
that it is almost as likely that this indi-
vidual’s actual BAC is under the legal
limit as it is over.

And given the coverage interval,
Gullberg was easily able to confirm that
the likelihood that this individual’s true

Figure 8: Breath Test Ticket

BAC was under a 0.080 was 44 percent.”
To understand how this could be deter-
mined from the coverage interval,
remember that the test result, and hence
the coverage interval itself, is character-
ized by a Gaussian probability distribu-
tion, i.e., the Bell Curve. (See Figure 12.)

Breath Analysis
Blank Test .000 02:32
Internal Standard Verified 02:32
Subject Sample .080 02:33
Blank Test .000 02:34
External Standard .082 02:34
Blank Test .000 02:35
Subject Sample .081 02:37
Blank Test .000 02:37
Figure 9
. | , y W ] . |
0.073 0.075 0.078 0.080 0.083 0.085 0.088 0.090
Test Values: .080, .081
Figure 10
A 4
0.0725 0.0750 0.0775 0.0800 0.0825 0.0850 0.0875 0.0900
Test Values: .080, .081
C.l.: .0731 -.0877 (99%)
Figure 11
0.0725 0.0750 0.0775 0.0800 0.0825 0.0850 0.0875 0.0900
Test Values: .080, .081
C.l.: .0731 -.0877 (99%)
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If the total area under the Bell
Curve is defined so as to equal 1, the
probability that the result lies within any
range of values is simply given by the
area under the curve contained within
that range. Hence, the probability that
this particular BAC was actually less
than the legal limit is given by the area
under the curve within the range from
0.0 to 0.079. (See Figure 13.)

At this point it should be recog-
nized that the inclusion of uncertainty is
not a “get out of jail free” card for those
charged with DUI or any other crime.
Just as the uncertainty may demonstrate
a high likelihood that an individual with
test values above the legal limit is actual-
ly below that limit, it can go the other
way as well. It may show that there is a
high likelihood that an individual with
test values below the limit is actually
above that limit. In general, the uncer-
tainty favors neither party. It simply
facilitates the discovery of truth by
enabling proper interpretation of the
evidence. Moreover, except in those
cases where the evidence of guilt con-
sists solely of a measurement result,
measurement uncertainty does not dic-
tate a particular outcome. Although
necessary for the proper interpretation
of a measurement result, it is simply
another piece of the evidence for the
jury to consider and weigh with the rest
of the evidence in arriving at a verdict.

Rod Gullberg did not lie. The wrong
values were not printed on the breath
test ticket. There was nothing wrong
with the test. Gullberg simply had not
been provided sufficient information
upon which to base a reliable and defen-
sible opinion. State Toxicologist Fiona
Couper and Quality Assurance Manager
Jason Sklerov faced similar lines of ques-
tions. Predictably, they were also unable
to properly interpret the state’s breath
test results absent information concern-
ing each test’s measurement uncertainty.
Each of the state of Washington’s top
three experts had been asked to interpret
the results of breath tests obtained by
their own program. And each was unable
to do so absent information concerning
each test’s uncertainty.

Uncertainty in the Quest
For Truth and Justice

The aforementioned testimony was
obtained during a week-long eviden-
tiary hearing before a panel of three
King County District Court judges.*
The primary subject of the hearings was
whether the state could offer breath test
results as evidence in prosecutions for
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DUI without providing both the defen-
dant and jury the uncertainty associated
with those results.

Six months earlier, a similar ques-
tion was raised before Commissioner
Paul Moon of the Snohomish County
District Court with respect to the admis-
sibility of a blood test result absent its
uncertainty. The commissioner found
the blood test inadmissible under
Washington Rules of Evidence 702 and
403. With respect to the first evidentiary
provision, the court found:*

If an expert testifies that a par-
ticular blood alcohol content
measurement is value A, with-
out stating a confidence level, it
is this court’s opinion that the
evidence is being represented as
an exact value to the trier of
fact ... [and] that presenting to
the trier of fact the result of a
blood test as an exact numeri-
cal value without stating a con-
fidence level, is not generally
acceptable in the scientific
community and misrepresents
the facts to the trier of fact. ...
This court holds that the result
of the blood test in this case is
not admissible under ER 702 in
the absence of a scientifically
determined confidence level
because it misrepresents the
facts and therefore cannot be
helpful to the trier of fact.

Addressing Evidentiary Rule 403,
the court explained:*

It has been this court’s experi-
ence since 1983 that juries it
has presided over place heavy
emphasis on the numerical
value of blood alcohol tests. To
allow the test value into evi-
dence without stating a confi-
dence level violates ER 403. The
probative value of this evidence
is substantially outweighed by
its prejudicial value. Therefore
this court holds that the result
of the blood test in this case is
not admissible under ER 403 in
the absence of a scientifically
determined confidence level.

The prosecution chose not to present
any witnesses at this earlier proceeding.*
With this as prologue, however, the prose-
cution presented testimony from the
state’s three top breath test experts at the
King County hearings.” These experts
proved of little benefit to the prosecution.
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King County prosecutors® were
forced to acknowledge that their own
experts were unable to properly inter-
pret the breath test results presented
absent information concerning each
test’s uncertainty. They also acknowl-
edged that it was unlikely that the typical
defendant or juror would fare any better
and may be misled by such results as eas-
ily as the prosecution’s experts were.
Nonetheless, the state argued that it had
no duty to provide the uncertainty of
breath test results to either the defendant
or jury, and that the court had no power
to require it to do so. It maintained that
even though it knew that its evidence
was incomplete and subject to being
misleading and misinterpreted when
unaccompanied by measurement uncer-
tainty, the justice system was intended to
permit whatever results such evidence
might engender — even if it meant that

innocent citizens would be deprived of
their liberty and guilty individuals set
free as a result.

Washington prosecutors are not
alone in this mindset. Although a few
forensic labs properly account for uncer-
tainty in the results they report, “most
[forensic] reports do not discuss meas-
urement uncertainties or confidence lim-
its”? Yet it is exactly this type of incom-
plete and often misleading evidence that
is offered by prosecutors around the
country every day. What is more alarming
is that courts around the country permit
this very evidence to form the basis for
depriving citizens of their liberty on a
daily basis as well. Such practices not only
threaten individual liberty, but strike at
the integrity of the justice system itself by
hindering its ultimate mission of deter-
mining the truth. As the King County
Court noted:*

Figure 12
0.0725 0.0750 0.0775 0.0800 0.0825 0.0850 0.0875 0.0900
Test Values: .080, .081
C.l.: .0731 - .0877 (99%)
Figure 13
e e
0.0725 0.0750 0.0775 0.0800 0.0825 0.0850 0.0875  0.0900
Test Values: .080, .081
C.l.: .0731 -.0877 (99%)
P <0.08: ~44%
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A prosecutor is a participant in
a system of criminal justice
which is, by design, adversarial.
Yet, a good prosecutor will
never let the desire to “win”
overcome his or her sense of
justice. A trial court will follow
precedent when it rules on mat-
ters before the court, but prece-
dent will never be allowed to
overcome the determination of
a good judge to do justice in
each and every case. What was
trustworthy and reliable yester-
day may not be today. As con-
cepts of justice advance through
each generation of police, crim-
inal justice practitioners, attor-
neys and judges, we aim to pro-
vide better justice than was pro-
vided by those before us. As
concepts of science change, we
also need to be ready to move
forward with those new, better
practices. Nor should the court
allow an instrument or a
machine to determine an ele-
ment of a criminal offense —
unless there are appropriate
safeguards to ensure that the
evidence provided by the
machine is what it purports to
be. It bears repeating that these
safeguards are foundational to
our criminal justice system.

In the end, what this issue boils down
to is plain and simple truth. The defense
in this hearing was not asking for some-
thing that would derail prosecutions or
preclude convictions. It was simply asking
the court to require the state to report the
results of its forensic measurements in a
complete and accurate manner so that
both defendants and jurors could proper-
ly interpret that evidence and would not
be misled by it. The court saw the issue
the same way:”

When a witness is sworn in, he
or she most often swears to
“tell the truth, the whole truth,
and nothing but the truth.” In
other words, a witness may
make a statement that is true,
as far as it goes. Yet there is
often  more information
known to the witness, which if
provided, would tend to
change the impact of the infor-
mation already provided. Such
is the case when the state pres-
ents a breath-alcohol reading
without revealing the whole
truth about it. That whole
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truth, of course, is that the
reading is only a “best esti-
mate” of a defendant’s breath-
alcohol content. The true
measurement is always the
measurement coupled with its
uncertainty.

The court subsequently recognized
that “a breath-alcohol measurement
without a confidence interval is inherent-
ly misleading.*

Neither the lab nor the prosecution
provided the court with any reason why
uncertainty either was not or could not
be provided with the result of every
test.” In Washington, the uncertainty of
every breath test that will be conducted
on an instrument over the course of a
year can be determined in five minutes
at the time of the instrument’s annual
calibration using an Excel spreadsheet.
Thus, whether it is one test, 100 tests,
1000 or tens of thousands, the uncer-
tainty of all these tests together can be
determined in five minutes, once a year,
and then printed up in a table to be sup-
plied to every defendant and jury along
with the test results. Given the ease with
which the uncertainty can be deter-
mined and supplied, one is left wonder-
ing why the state would not want to sup-
ply this information.

The panel concluded that for breath
test results to be admissible in prosecu-
tions for DUI, both the defendant and
jury must be provided with the uncer-
tainty associated with those results. First,
under principles of Due Process and the
rules governing discovery, it stated:*

[W]e now place the state on
notice that every discovery
packet supplied to defendants
must contain the confidence
interval for any breath-alcohol
measurement the state intends
to offer into evidence in that
case. Should the state fail to
comply with this discovery
order, then upon objection, such
breath-alcohol measurement
will not be admitted at trial.

Then, under Evidentiary Rule 702,
the court found:*

Once a person is able to see a
confidence interval along with
a breath-alcohol measurement,
it becomes clear that all breath-
alcohol tests (without a confi-
dence interval) are only pre-
sumptive tests. The presump-
tion, of course, is that a breath-

alcohol reading is the mean of
two breath samples. This
answer, however, is obviously
incomplete. (Put another way, a
breath-alcohol measurement
without an uncertainty meas-
urement does not tell the
“whole truth.” RCW 5.28.020.)
As discussed above, a breath
test reading is only a “best esti-
mate” of an individual’s breath-
alcohol level. The determina-
tion of a confidence interval
completes  the  evidence.
Therefore, upon objection, a
breath-alcohol measurement
will not be admitted absent its
uncertainty level, presented as a
confidence interval.

Thomas Bohan, immediate past
president of the American Academy of
Forensic Sciences, hailed the King
County Court opinion as a landmark
decision, engendering a huge advance
toward rationality in our justice system
and a victory for both forensic science
and the pursuit of truth.

Conclusion

“The ultimate mission of the sys-
tem upon which we rely to protect the
liberty of the accused as well as the
welfare of society is to ascertain the
factual truth.”* “Complete, competent,
and impartial forensic science investi-
gations can be that ‘touchstone of
truth’ in a judicial process that works
to see that the guilty are punished and
the innocent are exonerated.”* Given
the potential consequences to individ-
uals and society alike, however,
reliance upon forensic science “is not a
matter to take lightly, or to trust to
luck.”*¢ Accordingly, “[i]n this age of
science we must build legal founda-
tions that are sound in science as well
as in law.””” This can be achieved “only
by requiring scientific evidence to con-
form to the standards and criteria to
which scientists themselves adhere.”*
If we are to follow this path, then we
must understand that science can
never tell us what is and is not true: “It
is scientific only to say what is more
likely and what is less likely.”*
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