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2-3  Measures of Dispersion 101

URES OF DISPERSION

As useful as the measures of central location are in providing some under-
standing about the data in a distribution, total reliance on the information
conveyed by the mean, the median, and the mode can be misleading,
aswe now illustrate.

Suppose a test is given to two sections of a class, Section A and Section
B. Table 2-2 gives the scores (in points) recorded in the two sections.

Test Scores in We can verify that both sections have the same mean score (60), the
same median score (60), and the same mode (60). Solely on the basis of this
information, however, it would be wrong to infer that the two sets of data are

Section B gimilar. In Section A, the group of students is homogeneous, all of them
Scores  gcoring in the vicinity of 60 points. In Section B, on the other hand, the
performance is very erratic, from a low of 30 points to a high of 90 points.
If we choose a student from Section A, we can assume that the student’s score
will be close to 60 points. We cannot say the same about a student chosen

from Section B.

Often, a revealing picture emerges by considering histograms of the
distributions, as in Figure 2-6. The two distributions give the tensile strength
of cables manufactured by two processes. In both cases, we have the same
mean, median, and mode. However, there is smaller variability in the data for
the histogram in Figure 2-6(a) than for the histogram in Figure 2-6(b)

nber Variability of values in data collected is a very common phenomenon,
ime and its importance should be acknowledged. For instance, a company manu-
facturing electric bulbs will be interested not only in the average life of the
bulbs, but also in how consistent the performance of the bulbs is. The manu-
facturer interested in marketing bulbs with a mean life of 1000 hours will not
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102 Chapter 2 Numerical Description of Quantitative Data

Relative Relative
frequency frequency
04 0.4
0.3 0.3
0.2 0.2
0.1 0.1
34 5'1\6 7 8 Tensile 12 34 S'f6 7 8 910 Tensile
Mean, Median, Mode strength Mean, Median, Mode steength
(a) (b)
Figure 2-6

Two distributions having the same mean, median, and mode, with the spread of
data in (b) more than in (a)

be satisfied even if this goal is realized if, in fact, there is a very high ratio of
bulbs that only last for up to 200 hours. In other words, the success of the
bulbs will depend upon the variability of life; the smaller the variability
better.

THE RANGE

The simplest measure of dispersion is the range. As we saw in Section 1-
the range is defined as the difference between the largest and smallest
in the data.

range = largest value — smallest value

A familiar example where range is used as the measure of
a weather forecaster’s daily temperature report given as, for example, a
of 40 degrees to a high of 70 degrees. The range is 70 — 40, or 30,

If we take the highest and the lowest observations, the range is
compute. However, it ignores the intermediate values and provides no
mation at all about the set of observations between the highest and
values. Consider, for example, the following two sets of data.

3 7 9 11 16 and 3 12 12 12

Each set has the same range, but the two distributions are markedly
Also, by describing data solely in terms of extreme values, the presence
unusually extreme value will inflate the range out of proportion. The
therefore, is the least satisfactory of all measures of dispersion that we
sider in this chapter.
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MEAN DEVIATION

ean is by far the most impor
tendency, the deviations of the individual observations are usually taken as
deviations from the mean X.

For any value x; in the data % is its deviation from
will give om the mean. Some of
)e positiv Their sum, however, is
ve of the This is a mathematical
e
2w -0 =0 :

Because the sum of the dev
no value to us as a measure of
is 50, then the value 42 is as much
and the two will contribute to the
allows us to overcome oot

it mean absolute dev
by dividing the sum
observations.

In contrast with the range, the mean deviation takes into account the
magnitude of all the observations in tt data.

EXAMPLE 1 A secretary typed six letters. The times (in minutes) spent on these letters
were 6, 8,13, 10, 8, and 9. Find the 1 ean deviation.
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104 Chapter 2 Numerical Description of Quantitative Data

SOLUTION We see that the mean is

6+8+13+10+8+9
6 =9

x =

Therefore,
L 6—-9 +|8-9 +|13-9 +]10-9] 8-9 +[9-9
mean deviation =
3+41+4+1+1+0_5
6 3

VARIANCE AND THE STANDARD DEVIATION

The use of absolute values causes considerable problems in treating
deviation mathematically For this reason, mean deviation is not suitable,

we will seldom refer to it again in the remainder of the book. The
measures of spread or dispersion of data are sample variance and
standard deviation. The sample variance is computed from the

(x; — X), by squaring them and dividing the sum of these squares byn —1
The deviations are squared because squaring produces positive numbers
both positive and negative deviations. The sample standard deviation is
defined as the positive square root of the variance. The sample variance is
denoted by s? and the sample standard deviation by s where s is positive.

If you analyze the formula for s, the following steps are involved in its comp¥®

tation
Compute the mean.
Compute the deviations from the mean. (As a computational checks

the sum of these values should be 0.)
Square the deviations. .
Add the squared deviations.

[ ~B ]
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2.3 Measures of Dispersion 105

Divide the sum of the — 1. In this step we
have computed 5% or t ‘
[@ Find the positive square the standard deviation.

If the observations in the
of them will be far removed
will be large and, as a consequ
in making both s* and s large.
and the standard deviation both will be large.

Rationale for Dividing
For finding s°,

instead of by n

three numbers

to pick three numbers? Of co
is,3 — 1) numbers since the
constraint. About the same

variance. We are told that w

number n — 1 is called the
with the sample variance. *’

The price (in dollars) of a certain commodity on eight trading sessions was
as follows. i s

LN

.4 11 8 60 52 68 32 19
Find the variance and standard deviation.

soLUTION The computations are presented in Table 2-3. Following the
steps listed on page 104 we proceed as follows.

1. In Column 1 we first find the mean X = 288/8, or 36.

2. Then in Column 2 we compute deviations of the prices from the
mean price; that is, we compute x; — 36. As a check, notice that the
sum of the entries in this column is zero.

The third column presents squares of deviations from the mean.
Next, we compute the sum of the squares in Column 3. We get

tal

> (x, — X)? = 3574

5. In this step we obtain the variance. Since n = 8, the variance (in
dollars?) is given as

E(xi_j)z 3574 .’
g2 = _ 22" _ 510,
s w1 P 510.57
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Chapter 2 Numerical Description of Quantitative Data

TABLE 2-3 Computation of the Variance of the Price of a

Commodity
Price Deviation Square of Deviation
x x — 36 (x — 36y
2 4

11 =25 625

8 -28 784
60 24 576
57 16 Step 2 256 Step 3
68 32 1,024
32 —4 16
19 -17 289

> x, = 288 Sx-%=0 S (x, - %P = 3574 <Step4

Step 1— meanXx = 36

6. Finally, in this step we find the positive square root of the variance,
getting the standard deviation. The standard deviation is expressed
in dollars and is given as

s= 5105714 = 22.6 dollars

If you examine Column 3 of squared deviations, the largest squared deviation
is 1,024 and is contributed by the data value 68. The other major contributors
are 60 and 52 at the upper end, and 8 and 11 at the
are considerably farther from the mean price 36

A Word about Rounding

Retain two decimal places more than in the original data in presenting
sample variance and one decimal place more than in the original data
presenting the standard deviation. Be careful not to find the standard
tion from the rounded variance.

':':"Shortcut Formula
*Through some algebraic simplifications, the preceding formula for s

" the following shortcut formula for the standard deviation and it
for computational purposes
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2-3  Measures of Dispersion 107

In the shortcut formula, you need to compute 3 x? and 2, x;, which is a
lot easier than computing the deviations and their squares. In words, the

E—— shortcut formula is
iation )
1 sum of squares | _ (sum of sample values)
y (n — 1) | \of sample values n
Compute s for the data in Example 2 using the shortcut formula.
» Step 3 SOLUTION We have determined thatn = 8 and 2, x; = 288. The sum of

the squares of the values in the data set is

> x% = (38)% + (11)2 + (8)2 + (60)* + (52)* + (68)?

} <Step 4 (32)* + (19)?

= 13,942

. Substituting in the shortcut formula, we then get
variance,
1 288)?
expressed 5= [13, 942 — (288) ] = 22.6
@8-1
This is the same answer we obtained in Example 2. [

1 deviation Use of Pocket Calculators

The statistical function s is built into many scientific pocket calculators and

1ese can be obtdined simultaneously with the mean x. Instead of using the
the definitional formula on page 104, the calculator uses the shortcut formula for
computing s. It accumulates n, 3, x;, and 2, x7, in three special registers as the
data are entered. The calculator uses the accumulated entries in the registers
senting n and 2 x to compute the mean when the key for the mean is pressed. It uses
nal the accumulated entries in all the three registers and the shortcut formula to

dard give s when the key for s is pressed. A few authors choose to define the
standard deviation by dividing the sum of the squares of the deviations by n
instead of by n — 1. Some calculators, therefore, have two keys, labeled s,
and s,_,, or g, and o, _,. Since we divide by n — 1 in this text, you should use
)X S the key s,_, or o, for s.

You will be performing many statistical computations and should own a
versatile statistical calculator to save you the drudgery of tedious computa-
tions. Also, familiarize yourself thoroughly with the calculator’s accompany-
ing manual.

A word about the units to be employed in expressing the variance and the
standard deviation Because the variance is based on the sum of squared
differences, it is expressed in squared units. The standard deviation is the
square root of the variance. Therefore, it is expressed in terms of the units that
were employed in measuring the data.
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108 Chapter 2 Numerical Description of Quantitative Data

For example, if the data are given in feet, then the units used for express-
ing the variance are feet squared, abbreviated (ft)2 and those for the standard
deviation are feet. In the same way, if the data are expressed in minutes, then
the units for expressing the variance are minutes squared, or (min)% and for
the standard deviation the units are minutes,

PROPERTIES OF THE STANDARD DEVIATION
The standard deviation of data has the following two important properties:

1. If a fixed value d is added to each of the observations in the data,
then the standard deviation is unchanged, that is,

the standard deviation) _ {the standard deviation
of the new data of the original data

For example, if the salary of each employee is raised by $100,
then the standard deviation of salaries before the raise is the same
as the standard deviation after the raise.

2. If each observation in the data is multiplied by a fixed constant c,
then

the standard deviation - ¢ tim the standard deviation
of the new data ¢ HMES | of the original data

For example, suppose the height of students in a classroom is
measured in feet and the standard deviation is 0.8 feet. If the
height is measured in inches, then the standard deviation will be
(12)(0.8), or 9.6 inches.

SIGNIFICANCE OF THE STANDARD DEVIATION

When a researcher analyzes a bulk of numerical data, the two measures that
will often be quoted are the mean and the standard deviation. There is a
special relation

able informatio

is explained in

P. L. Chebyshev (1821-1894) and is named after him.

If k is a positive number, an interval which is k standard deviations
from the mean is defined as the interval (x — ks, X + ks) as shown
in Figure 2-7. Thus, for example, if X = 16.8, s = 1.02, then an
interval which is two standard deviations from the mean is
(16.8 — 2(1.02), 16.8 + 2(1.02)), that is, (14.76, 18.84)

x—ks x-2s X—s X X+s x+2s X+ ks
Figure 2-7 An Interval That Is k Standard Deviations from the Mean
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2-3  Measures of Dispersion 109

For any positive number k, Chebyshev’s rule states the minimum per-
centage of observations that will fall in the interval (X — ks, x + ks), that is,
within %k standard deviations of the mean. This percentage is given by

100. In the following presentation we interpret the rule for cer-

tain values of k.

Chebyshev’s rule gives very conservative estimates, as it would have to,
since it covers the entire gamut of frequency distributions. If additional
information is available about the frequency distribution of the data, then
more substantial statements can be made about how many observations will
fall within 1, 2, and 3 standard deviations of the mean. For data having an
almost symmetric, sort of mound or bell-shaped distribution, where the mea-
surements are concentrated near the center and the histogram is tapering off
in either direction from the center, the following Empirical rule is available.
It provides a guideline for the approximate number of observations. (The
basis for the Empirical rule is explained later on in Chapter 5 on page 306.)
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110 Chapter 2 Numerical Description of Quantitative Data

As an illustration, consider the data presented by the dot diagram in
Figure 2-8, where each value is denoted by a dot. There are three measure-
ments each equal to 2, one measurement equal to 3, and so on, and altogether
there are thirty-six measurements.

° .
. . . °
° . ° .
. ] . ] ° °
. . . . ] ° . °
] . . . . . . ° ° .
2 3 4 5 6 7 8 9 10 11 / 13 Values
1.1=Xx-2s 11.9=x+2s

Figure 2-8 Dot Plot.
There are thirty-four values in (1.1, 11.9)

It can be verified that X = 6.5 and s = 2.7. Thus, the interval (x — 2s,

rules.

Chebyshev Empirical
(at least) (Approx.) Actual

Interval % % %
(1.1, 11.9) 75 95.4 94.4
(—1.6, 14.6) 89 99.7 100

bell-shaped.
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2-3 Measures of Dispersion 111

m 1n A psychologist claims to have a new instructional method for improving the

sure- : performance of students. The psychologist tries the instructional method with

sther : - eighty students and reports the summary of the results as follows: X = 120
points and s = 22 points. What does this information tell us about the student
scores?

SOLUTION Of course, we have no idea about the individual scores. But
by using Chebyshev’s rule we are in a position to make the following state-
ments.

(a) Because x = 120 and s = 22, we have the following.
120 — 2(22) = 76
120 + 2(22) = 164

We can infer that at least 75 percent of the eighty students, that is, at
least sixty students, had scores between 76 and 164 points.

(b) For three standard deviations from the mean we have the following.

Il

X —2s
x + 2s

Values
X — 3s = 120 — 3(22) = 54
x + 3s = 120 + 3(22) = 186
We can infer that at least 89 percent of the students, that is, at least
seventy-one students, had scores between 54 and 186 points.
If the psychologist adds to the report that the frequency distribution
- 2s, was almost mound shaped, then we could improve our estimates using
-1.6, the Empirical rule as follows.
sure- " Approximately 95.4 percent, that is, approximately seventy-six stu-
-1.6, dents, had scores between 76 and 164 points. Also, practically every
llow- student in the study had a score between 54 and 186 points. [
: two
Section 2-3 Exercises
1. The scores of six students on a test are as follows.
75 8 56 69 87 43 :
Arrange the data in an ascending order of magnitude and find the range of scores.
2. The amount of time spent on each of ten telephone calls’ was recorded (in
minutes) as follows.
25 15 8 2 5
12
) the ‘ 34 3 12 3
0 far Find the range of the time spent on these calls.
. dia- 3. The altitudes (in feet) of six locations (above or below sea level) are as follows.
and 1200 above 140 above 100 below

10,500 above 400 below 800 above
Find the range of heights.
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112 Chapter 2 Numerical Description of Quantitative Data

4. The minimum daily temperature readings (°F) of a ski resort on eight days were
as follows.
22 -18 0 —8 16 30 5 —20
Find the temperature range for these days.
5. If the range of the price of a stock during a week was $15.75, and if the lowest
price was $82.50, find the highest price during the week.
6. For the set of values 8, 6, 12, 10, and 14, find the following.

@ X x-x ® > |xi — x|  (¢) The mean deviation

7. The following figures refer to the times (in minutes) that eight customers spent
from the time they entered a store to the time they left it.

6 3 2 10 2 5 4 6
Find the following.
(a) The arithmetic mean x of the time the customers spent in the store

(b) The absolute deviations
(¢) The mean deviation

In Exercises 8—11, compute mean deviations for the given sets of observations.
8. 14, —4, 10, 6, 10, —15, and 7
9. 1.8,2.8,2.3,4.5,and 1.1
10. 6, =7, =5, =4, and 5
11. -8, =7, =6, =5, —10, and —12
12. Seven buses are expected to arrive at the bus depot at 8 AM., 9 AM., 10 AM,,
11 AM., 12 noon, 1 M., and 2 M. They arrive at 8:04 A.M., 9:10 A.M., 9:52 A.M.,
10:56 am., 11:55 Am., 1:10 p.M., and 2:00 p.M., respectively. Find the mean
deviation of the amount of time by which a bus is late. (If a bus arrives ahead of

schedule, for example, by 4 minutes, then consider the late arrival time is nega-
tive, or —4.)
13. The following figures give the price per pound of ground chuck (in dollars) at a
supermarket during six weeks.
2.98 2.89 2.80 2.88 2.84 2.95
Find the number of weeks when the price is within one mean deviation of the
mean price.

14. For the set of values 18, 19, 16, 12, 7, 10, 23, find the following.
(a) The arithmetic mean x
(b) The deviations from the mean
(c) The squared deviations
(d) The sample variance
(e) The sample standard deviation

In each of Exercises 15—17 compute the variance and the standard deviation for
the given sets of observations.

15. 14, —4, 10, 6, 10, —15, and 7

16. 1.8,2.8,2.3,4.5,and 1.1

17. 6, =7, =5, —4,and 5

Pharmatech Solutions, Inc: 1024-342
REQUEST FOR INTER PARTES REVIEW
OF U.S. PATENT NUMBER 7,250,105



2-3 Measures of Dispersion 113

18. What is the standard deviation of a set of scores when all the observations are #
identical? -

19. What does it mean when the variance of a set of observed values is zero?

20. If the variable x is measured in ounces, what units should be used in expressing
the variance and the standard deviation?

21. The following readings were obtained for the tensile strength (in tons per square
inch) of six specimens of an alloy.

2.58 265 240 246 244 241
Find the mean tensile strength and the standard deviation of the tensile strengths.

22. The heights of four fifth-grade students are 58, 56, 60, and 62 inches, and those
of five sixth-grade students are 66, 59, 63, 61, and 66 inches. Which grade has
the higher standard deviation?

23. A club has ten members whose weights are x;, X, . . ., Xjo. Find the mean
weight and the variance of the weights if S, x; = 1500 and 3 x} = 325,000.

24. Five samples of coal, each of which weighs 2.00 grams, lose the following
amounts of moisture (in grams) after air drying in an oven.

0.158 0.160 0.156 0.153 0.163
Find the variance of the amount of moisture lost.

25. In a chemistry expetiment seven students obtained the following percentages of
chlorine in a sample of pure sodium chloride.

60.65 60.68 60.70 60.60
60.64 60.65 60.70

Find the standard deviation of the percentage of chlorine.
26

by

Using the formula for the variance, find the variance of the data in Part a. From
this answer find the variance of the data in Parts b and ¢.’

(a) 7,8,6,8,and 6

() 27, 28, 26, 28, and 26

(¢) 107, 108, 106, 108, and 106

Hint: The observations in Part b are obtained by adding 20 to each observation
in Part a; and those in Part ¢ are obtained by adding 100 to each observation in
Part a.

scores.

28. is $22,300, with a
t raise of $1000 for
the standard devia-

tion of the new salaries.
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114 Chapter 2 Numerical Description of Quantitative Data

29. The following data are the chlorophyll content (mg/g) of thirty wheat leaves.

2.6 2.9 32 3.0 2.6
32 32 3.0 29 3.0
2.6 2.6 3.0 32 29
3.2 2.6 2.9 32 2.6
32 2.8 32 3.0 3.0
2.8 2.9 32 2.8 2.8

(a) Find the variance and the standard deviation of the chlorophyll content.
(b) How many observations are within two standard deviations of the mean?

30. To show the impact of the increase in federal tax effective October 1, 1993, Mobil
Corporation published the following figures for major markets where Mobil does
most of its business. The data give federal, state, and local taxes, in cents, that
go into the price of gas at the pump.

Gasoline Taxes in Cents per Gallon in Some Key Locations:
State Other State

Metropolitan Federal Excise and Local

Area Tax Tax Taxes Total
Chicago 18.63 19.00 21.66 59.29
Long Island, NY 18.63 8.00 26.49 53.12
New Haven, CT 18.63 29.00 5.28 5291
Buffalo, NY 18.63 8.00 25.79 52.42
Albany, NY 18.63 8.00 25.79 52.42
Los Angeles 18.63 17.00 11.84 47.47
Providence, RI 18.63 28.00 0 46.63
Tampa 18.63 4.00 21.17 43.80
Miami 18.63 4.00 20.17 42.80
Baltimore 18.63 23.50 0 42.13
Philadelphia 18.63 12.00 10.35 40.98
Boston 18.63 21.00 .50 40.13
Fairfax, VA 18.63 17.50 3.13 39.26
Detroit 18.63 15.00 5.61 39.24
Dallas 18.63 20.00 .59 39.22
Phoenix 18.63 18.00 1.00 37.63
Newark, NJ 18.63 10.50 4.04 33.17
St. Louis 18.63 13.00 0 31.63

Average of these areas: 44.13

Source: “Pump Price and Tax Collectors-VI” by Mobil Corporation.
Copyright © 1993 Mobil Corporation. Reprinted by permission of Mobil
Corporation. .

You can verify that the average of 43.958 given at the bottom of the table refers
to the mean and that it is computed from the column giving the total taxes. Compute
the standard deviation of the total taxes. Without using the actual data any more,
what would the mean tax and the standard deviation of the taxes be in the listed
areas if the federal tax of 18.63 cents was eliminated?

31. The following data for calcium and oxalic acid contents (in mg/g) of alfalfa meal
are reproduced from the article Oxalic Acid Content of Alfalfa Hays and Its
Influence on the Availability of Calcium, Phosphorus, and Magnesium to Ponies,
by H. F. Hintz et al., from the Journal of Animal Science, vol. 58, no. 4, 1984.
Reprinted by permission of the American Society of Animal Science.
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Location

Alabama
Alabama
Ontario, Can.
Ontario, Can.
Ontario, Can.
Colorado
Illinois

Towa

Towa

Nebr. or Kan.
Nebr. or Kan.
Nebr. or Kan.
Nebr. or Kan.
Minnesota
Michigan
Nebraska
Nebraska
Ohio

Ohio

Ohio

Texas
Washington

Calcium Oxalate
16.4 . 3.6
15.1 3.7
19.6 33
12.3 2.4
14.0 2.8
17.2 33
13.8 4.1
15.6 4.3
15.2 3.2
13.0 3.7
16.2 3.7
15.1 4.2
12.8 6.6
16.3 2.4
16.0 2.7
16.8 33
14.2 3.
15.7 2.0
17.3 2.3
13.5 3.5
12.0 4.7
14.7 5.1

2-3 Measures of Dispersion 115

(a) Prepare stem-and-leaf diagrams for calcium content and oxalic acid content.
(b) Use the stem-and-leaf diagrams to compute the median contents of the two

variables.
(c) r the two variables.
(d) the standard deviation of the two variables.
(e) the mean along the horizontal axis of the histogram

and mark the interval that is two standard deviations from the mean.
(f) Compute (calcium/oxalate) ratios. Then compute the mean and the standard

deviation of the resulting ratios.

BENZO(a)PYRINE (u/kg)
Unpolluted Polluted

0.36 382.1
0.39 292.6
0.35 313.9
0.38 373.8
0.37 322.8
0.37 337.1
0.35 381.2
0.39 351.3
0.38
0.37
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116 Chapter 2 Numerical Description of Quantitative Data

Calculate the following.

(a) The mean benzo(a)pyrine in the unpolluted section and also in the oil-
polluted section

(b) The standard deviation of the benzo(a)pyrine content in each section of the
coastal region

33. Three fish-rearing ponds were fertilized with fodder yeast and mineral fertilizer
containing superphosphate and ammonium nitrate. Five determinations of dis-
solved oxygen concentration (mg/l) were made in two of the ponds and four
determinations were made in the third pond. The data are shown in the following
table.

DISSOLVED OXYGEN (mg/1)

Pond 1 Pond 2 Pond 3
5.5 53 5.8
5.8 5.2 59
5.6 5.4 5.7
5.5 5.1 5.6
54 5.3

In Chapter 12 we will investigate such data in more detail. For now, answer the

following questions:

(a) Find the mean dissolved oxygen concentration in each of the three ponds.

(b) Find the overall mean dissolved oxygen concentration in the three ponds
taken together. (When different sets of data are regarded as one set, the data
are said to be pooled.)

(c) Find the mean of the three means you computed in Part a. (Careful! Consider
Property 1 on page 80.) Is your answer the same as in Part b?

(d) Find the standard deviation of the dissolved oxygen concentration in each of
the three ponds.

(e) Find the overall standard deviation of the dissolved oxygen concentration in
the three ponds taken together.

34. Coridothyme capitatus is a wild spice plant widely distributed in Israel and on the
West Bank of the Jordan River. An area of approximately 0.1 hectare was
randomly chosen for sample collection. A sample of plant material was gathered
by taking one branch of each C. capitatus plant growing in the selected area.
Essential oil was distilled from each sample separately. The thymol (carvacrol
isomer) and carvacrol contents in essential oils of C. capitatus from different
sites are presented in the following table. [ Alexander Fleisher et al., Chemovari-
eties capitatus I. Rchb. growing in Israel; J. Sc. Food Agric. 35 (1984): 495-499.]

Thymol Carvacrol
Concentration Concentration
in Essential in Essential
Site Location 0Oil (%) Oil (%)
Rosh-Hanikra, beach, Western Galilee 493 9.8
Haifa, Mt. Carmel 63.6 5.2
Hacarmel beach, coastal plain 55.0 5.1
Kfar Galim, coastal plain 41.7 24.2
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2-3 Measures of Dispersion 117

Thymol Carvacrol
Concentration Concentration
in Essential in Essential

Site Location Oil (%) Oil (%)
Adlit, coastal plain 42.0 229
Habonim beach, coastal plain 13.7 55.7
Moshav Habonim, coastal plain

Sample A 45.2 10.9
Moshav Habonim, coastal plain

Sample B 19.2 46.3
Dor beach, coastal plain 6.7 59.4
Zichron Jaacob, Mt. Carmel 47.5 20.3
Hertzelia beach, coastal plain 489 9.5
Umtzafa forest, West Bank 52.8 7.4
Nes-Ziona, inner plain 56.8 5.3
Nablus, West Bank 47.6 19.8
Bet-El, West Bank 51.1 6.6
Bet-Lechem, West Bank 51.8 10.8
Gush-Atzion, West Bank 16.0 443
Kibbutz Nativ Halamed Hey,

West Bank 43.6 7.7
Beer-Sheva-Arad road, Negev 53.8 5.8
Kibbutz Saad, Negev 61.2 5.0

Compute the following.
(a) The mean thymol and carvacrol concentrations
(b) The standard deviations of thymol and carvacrol concentrations

. Mr. Chan owns a retail store in a small town. When he checked his computer
spreadsheet at the end of the calendar year 1994, there were the following
balances (in dollars) in 33 accounts receivable. :

52 74 50 57 62 101 57 99 68 114 48
76 84 52 63 97 76 73 64 T8 8 95
67 61 82 90 51 75 88 65 25 160 72

(a) Compute the mean balance and the median balance.

(b) ate the mean and the median.

(c) tion and determine the number of observations
25s). Exhibit this interval on the histogram.

. Fifteen 5- to 6-week-old male rats each weighing approximately 100 grams were
fed a test diet containing casein treated with a methanol (HCHO) solution con-
taining 40 grams HCHO/liter. The rats were housed for 14 days in metabolism
cages and were fed 10 grams fresh weight of diet per day. During the final 7-day
period a total collection of feces and urine was carried out and the samples were
analyzed for total N (nitrogen). The following data give figures for N digestibility
of the rats.

0.91 091 0.94 0.95 0.93
0.93 0.92 0.92 0.91 0.92
0.94 0.92 0.92 0.93 0.92
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37.

38.

39.

40,

Determine the following:

(a) The mean nitrogen digestibility of the rats

(b) The median nitrogen digestibility from the stem-and-leaf diagram
(¢) The standard deviation of the nitrogen digestibility

(d) The interquartile range. (Provide an interpretation, as well).

The following figures give the cost (in cents) for a quart of a particular brand of
oil at eight automotive supply centers.

80 85 95 88 92 85 92 95

Find the number of places where the price is within one standard deviation of the
mean.

When ten 5-gram samples of an alloy were analyzed for silver content by the
method of electrodeposition, the following amounts of silver (in grams) were
found. <

\ X
1.273 1.276 1.265 1.276 1.274
1.2v7 1.273 £275 1.285 1.278

(a) Find the mean and the standard deviation of the amount of silver.

(b) Determine the interval which represents two standard deviations from the
mean.

(¢c) How many samples have amounts of silver in the interval- obtained as the
solution to Part b?

The following figures give the percentage recovery of chemically reactive lysine
in the presence of glucose by a modified trinitrobenzene sulphonic acid proce-
dure.

57.2 79.7 82.7 66.3 64.7
66.1 55.6 67.3 72.1 80.5
64.8 74.0 71.2 71.5 70.7
69.9 73.3 70.9 61.4 78.4
70.2 62.8 74.7 70.0 73.9

(a) Compute the mean percentage recovery.

(b) Compute the variance of the percentage recovery.

(¢) Determine the interval (¥ — 2s, X + 25) and compute the percentage of
readings that fall in it.

(d) Determine the interval (£ — 3s, ¥ + 3s) and compute the percentage of
readings that fall in it.

() Are the data described satisfactorily by the Empirical rule?

The following data contain figures for the concentration of acid-soluble sulfides
(mg/1 fresh ooze) in the bottom sediments of a lagoon. Twenty-five samples were
analyzed. )
998 938 971
1000 1021 1002
1015 967
074 984
976 1047
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2-4  Mean and Standard Deviation for Frequency Distributions 119

(a) Calculate the following.
i. The mean concentration and the median concentration of sulfides
ii. The standard deviation
(b) Find the number of observations in these intervals.
i (X —25,%+ 29
ii. (X—3s,%+ 35) .
(c) Are the data described satisfactorily by the Empirical rule?
41. Thirty milk-yielding Ayrshire cows were fed a diet of silage supplemented with
a protein concentrate. The figures below refer to the milk fat concentration
(g/kg) for each cow.

30.5 28.7 27.3 24.1 423
41.5 20.5 36.3 255 30.9
26.3 33.6 31.9 34.7 35.0
34.5 30.6 34.0 38.2 42.5
40.3 21.7 35.7 32.7 34.6.
35.1 359 33.3 37.4 333

Calculate the following.

(a) The mean milk fat concentration

(b) The standard deviation of the milk fat concentration

(c) The number of cows with milk yield within-two standard deviations of the
mean

(d) The interquartile range (Interpret this quantity in terms of the variable under
consideration.) ‘

(e) The number of cows with milk yield falling in the interquartile range

42. For the data in Exercise 41 prepare a histogram with 6 classes and discuss its
symmetry. Locate the mean and the median on the hotizontal axis along the base
of the histogram. Comment on the closeness of the mean and the median consid-
ering the symmetry of the histogram or the lack of it.

43. Sixty dry cell batteries were tested. It was found that the mean life was 96 hours
with a standard deviation of 12 hours. What does this tell you about the lives
of the batteries? (Hint: Consider Chebyshev’s rule and see Example 4 on
page 111.)

44. When dopamine levels (nmoles/g) were measured in the brains of 36 rats, the

and the standard deviation was 0.68 nmoles/g.
you about the dopamine levels-of the 36 rats?
ove.) :

2-4 MEAN AND STANDARD DEVIATION FOR FREQUENCY DISTRIBUTIONS

The basic formula for computing the sample mean and the sample standard
deviation have been given in the preceding sections. Now, if the data are
given in a frequency table, the formulas can be expressed in the following
form.
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’ Measurement and Errors Chap. 1

Precision Versus Accuracy: Random and Systematic
Errors

Let’s go back to the example of the pencil. Suppose everyone in the class uses the
same ruler, measures the pencil to the nearest millimeter, and all agree it is 192
mm long. All say that it couldn’t be either 191 or 193 mm long. We say that the
class has measured the length of the ruler to a precision of 1 mm. Precision is the
reliability or repeatability of a measurement.

Suppose that the instructor now points out, “You all have made the same
mistake. You lined up one end of the pencil and one end of the ruler together.
The end of the ruler is worn badly; it doesn’t begin at zero. Try to remeasure the
pencil by putting it in the middle of the ruler. Then find the position of both ends.”
(see Table 1-1.) “Subtract one value from the other to find the length.” Now the
class finds that the pencil is 187 mm long! How can this be?

Both measurements are equally precise. The second one is more accurate
than the first, because a systematic error (caused by the worn end of the ruler) is
no longer there. A systematic error is an effect that changes all measurements by
the same amount or by the same percentage.

The class’s experience with the ruler is a mirror of the history of science.
Systematic errors have often hidden unsuspected in measurements. The only way
to eliminate systematic errors is to look carefully for them and to understand well
the nature of the experiment or measurement.

Random Errors. Can We Avoid Them? Let’s return to the example of the
class measurement of the length of a pencil; when measuring to the nearest
millimeter, everyone got the same value. Let’s try to push the precision further
and ask each person to measure to the nearest tenth of a millimeter. Now disa-
greements appear. We find different values: 186.7, 187.0, 187.3 mm, as shown in
Table 1-1.

Is someone making a mistake? No, even the most careful and skillful person
will come up with values that vary by one- or two-tenths of a millimeter. Now we
are at the limit of measurement by use of the naked eye and rulers. The unavoid-
able change in successive measurements, due to small irregularities in the ruler,
difficulty in estimating precisely, and the like, is called a random error, or error
for short.

Your Best Estimate, The Arithmetic Mean. What Is Your Error? At this
point, you’ve been careful not to make any mistakes, you’ve avoided all systematic
errors, and you’ve narrowed your uncertainty to the random error of measure-
ment. What’s next?

Common sense tells you to take the average of several measurements, called
the arithmetic mean or mean. The algebraic expression for the average X of N
numbers is
sum  x; + X, + -0 -+ Xy Ex

X N N N (1-1)
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Chap. Sec. 1-3 Significant Figures 3

TABLE 1-1 Measurement of the Length of a Pencil

Left End, L (cm) Right End, R (cm) Length (cm) = R — L Deviation from Mean
10.16 28.83 18.67 -0.03
15.87 34.57 18.70 0.00
20.22 38.95 18.73 +0.03

Sum = 56.10 cm; N = 3

same
Average = sum/N = 18.70 cm
the Average deviation = (0.03 + 0.0 + 0.03)/3 = 0.02 cm
the
) is The data’s scatter gives you an idea of the random error of measurement. A
by handy measure is the average deviation from the mean, sometimes shortened to
average deviation. You can get this by finding the difference between each mea-
surement and the mean and then taking the average. (You count all deviations as
way positive for this calculation.) An example of these calculations is given in Table
well 1-1.

The final result is 18.70(2) cm = 18.70 = 0.02 cm. Note two ways of showing

the error: = precedes the error, or parentheses show the error in the last place.

the We will see later that, if you take three measurements, the average deviation is a
remarkably good estimate of the error of your measurement.

disa-
In

we

1-3 SIGNIFICANT FIGURES

Rounding Off to the Right Number of Significant Figures. Using calcula-
tors causes a common problem: What do we do with the long string of digits in
the display? Keep them ali? Throw out some? If so, how many?

The answer to these questions is: keep only the significant digits; round off
to the correct number of significant figures. Knowing the error of your measure-
ment tells you how many significant figures there are in your result. Thus, you
never give a result like 23.343 g when you only can weigh to 0.1 g. The correct

N value is 23.3(1) g. The number of significant figures is the number of digits needed
to state the result of a measurement, or a calculation based on that measurement,

1) without losing any precision. Thus a measurement of 10.05(1) cm (or 10.05 = 0.01
¢m) has four significant figures.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising;:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid,;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said

20128453v1
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Nankai (‘420) in view of Say (‘752)
The combination of references provides the claimed
method.

Nankai (‘420) provides a measuring device at FIG. 12.

Nankai (‘420): a first working sensor part 43 for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid

Narnkai (“420) at 8:4-14, FIG. 12.

Nankai (‘420): a second working sensor part 42
downstream from the first working sensor part 43 also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:4-14, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part 43 are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
42.

This is inherent in Nankai (‘420), as its first and second
working sensor parts 43, 42 are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,

said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

20128453v1

See Nankai (‘420) at 8:4-46, FIG. 12.

Nankai (‘420): a reference sensor part 5 which is a
common reference for both the first and second working
sensor parts 43, 42.

Nankai (‘420) at 8:4-52, 4:55-57, FIG. 12

While Nankai (‘420) does not explicitly show the
reference sensor part 5 being upstream from the first and
second working sensor parts 43, 42, such arrangement is
merely an unpatentable rearrangement of parts, and in
any case would be one of a finite number of identified,
predictable solutions having a reasonable expectation of
success (and thus obvious to try).

Nankai (‘420): said reference sensor part 5 and said
first and second working sensor parts 43, 42 being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part 5 and said first and second working sensor
parts 43, 42.

Nankai (‘420) at 8:4-29, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 and said reference sensor part 5 are
provided on a disposable test strip.

Nankai (‘420) at 8:37, FIG. 12

Nankai (‘420) at 8:25-30.
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measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the
sample liquid;
comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined

threshold.

20128453v1

Using Patent Owner’s construction of “proportional”
(i.e., correlated to), Nankai (‘420) measures an electric
current at each working sensor part proportional to the
concentration of said substance in the sample liquid.
Nankai (‘420) at 8:11-14, 8:30-46.

Say (°752) discloses that when readings are taken from
multiple electrodes, they should be compared to one
another to identify errors. See Say (‘752) at 39:26-46,
40:11, 40:14-16. Incorporating this into Nankai (‘420)
would be nothing more than the use of a known
technique to improve similar devices/methods in the
same way, and the results would be predictable.

When the comparison in Say (‘752) reveals that the
difference in readings is outside a predetermined
threshold level, the patient is alerted that the sensor is
defective. See Say (‘752) at 39:26-46 and 40:11.
Alerting users of the Nankai (‘420) device of defects
would have been obvious in light of the teachings of Say
(752). This would nothing more than the use of a
known technique to improve similar devices/methods in
the same way, and the results would be predictable.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said

20128453v1
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Nankai (‘420) in view of Schulman (‘344)
The combination of references provides the claimed
method.

Nankai (‘420) provides a measuring device at FIG. 12.

Nankai (‘420): a first working sensor part 43 for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:4-14, FIG. 12

Nankai (‘420): a second working sensor part 42
downstream from the first working sensor part 43 also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (°420) at 8:4-14, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part 43 are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
42,

This is inherent in Nankai (‘420), as its first and second
working sensor parts 43, 42 are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,

said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

20128453v1

See Nankai (‘420) at 8:4-46, FIG. 12.

Nankai (‘420): a reference sensor part 5 which is a
common reference for both the first and second working
sensor parts 43, 42.

Nankai (‘420) at 8:4-52, 4:55-57, FIG. 12.

While Nankai (‘420) does not explicitly show the
reference sensor part 5 being upstream from the first and
second working sensor parts 43, 42, such arrangement is
merely an unpatentable rearrangement of parts, and in
any case would be one of a finite number of identified,
predictable solutions having a reasonable expectation of
success (and thus obvious to try).

Nankai (‘420): said reference sensor part 5 and said
first and second working sensor parts 43, 42 being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part 5 and said first and second working sensor
parts 43, 42.

Nankai (‘420) at 8:4-29, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 and said reference sensor part 5 are
provided on a disposable test strip.

Nankai (‘420) at 8:37, FIG. 12.

Nankai (‘420) at 8:25-30.
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measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the
sample liquid;
comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined
threshold.

20128453v1

Using Patent Owner’s construction of “proportional”
(i.e., correlated to), Nankai (‘420) measures an electric
current at each working sensor part proportional to the

concentration of said substance in the sample liquid.
Nankai (‘420) at 8:11-14 and 8:30-46.

Schulman (‘344) at 3:17-28.

Incorporating this feature from Schulman (‘344) would
be nothing more than the use of a known technique to
improve similar devices/methods in the same way, and
the results would be predictable.

Schulman (‘344) at 3:17-28.

Incorporating this feature from Schulman (‘344) would
be nothing more than the use of a known technique to
improve similar devices/methods in the same way, and
the results would be predictable.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising;:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said

20128453v1
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Nankai (‘420) in view of Khazanie
The combination of references provides the claimed
method.

Nankai (‘420) provides a measuring device at FIG. 12.

Nankai (‘420): a first working sensor part 43 for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid

Nankai (‘420) at 8:4-14, FIG. 12

Nankai (‘420): a second working sensor part 42
downstream from the first working sensor part 43 also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:4-14, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part 43 are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
42,

This is inherent in Nankai (‘420), as its first and second
working sensor parts 43, 42 are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,

said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

20128453v1

See Nankai (‘420) at 8:4-46, FIG. 12.

Nankai (‘420): a reference sensor part 5 which is a
common reference for both the first and second working
sensor parts 43, 42.

Nankai (‘420) at 8:4-52, 4:55-57, FIG. 12.

While Nankai (‘420) does not explicitly show the
reference sensor part 5 being upstream from the first and
second working sensor parts 43, 42, such arrangement is
merely an unpatentable rearrangement of parts, and in
any case would be one of a finite number of identified,
predictable solutions having a reasonable expectation of
success (and thus obvious to try).

Nankai (‘420): said reference sensor part 5 and said
first and second working sensor parts 43, 42 being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part 5 and said first and second working sensor
parts 43, 42.

Nankai (‘420) at 8:4-29, FIG. 12

Nankai (‘420): said first and second working sensor
parts 43, 42 and said reference sensor part 5 are
provided on a disposable test strip.

Nankai (‘420) at 8:37, FIG. 12

Nankai (‘420) at 8:25-30.
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measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the
sample liquid;
comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter,

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined
threshold.

20128453v1

Using Patent Owner’s construction of “proportional”
(i.e., correlated to), Nankai (‘420) measures an electric
current at each working sensor part proportional to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:11-14 and 8:30-46.

While Nankai (‘420) teaches taking multiple readings
and calculating a mean value, see Nankai (‘420) at 8:11-
14 and 8:30-46, Khazanie teaches that simply averaging
the values of collected data without doing more is an
undesirable practice. For example, Khazanie says that
“Variability of values in data collected is a very
common phenomenon, and its importance should be
acknowledged.” See Khazanie at p. 101. To obtain a
better understanding of the collected data, either the
mean deviation—or even more preferably the standard
deviation—should be computed. /d. at pp. 103-105.
Thus, when considered in view of Nankai (‘420),
Khazanie teaches that the electric current from each of
the working sensor parts should be compared to
establish a difference parameter (i.e., a mean deviation
or a standard deviation). This would be nothing more
than the combination of prior art elements according to
known methods to yield predictable results, and
Khazanie’s teaching further would have led one of
ordinary skill to modify Nankai (‘420) to include this
step.

Because Nankai (‘420) teaches that it is important to
obtain accurate glucose readings, see Nankai (‘420) at
1:18-19, 2:64, 4:1-2, 8:43, it would have been obvious
to indicate that an error has occurred if the difference
parameter is greater than a predetermined threshold (i.e.,
if the error is impermissible). One of ordinary skill in
the art would have been motivated to provide the
indication of an error based on the teachings of Nankai
(‘420) and common sense.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising;:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said

20128453v1
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Nankai (‘420) in view of Lichten
The combination of references provides the claimed
method.

Nankai (‘420) provides a measuring device at FIG. 12.

Nankai (‘420): a first working sensor part 43 for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:4-14, FIG. 12

Nankai (‘420): a second working sensor part 42
downstream from the first working sensor part 43 also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Nankai (‘420) at 8:4-14, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part 43 are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
42,

This is inherent in Nankai (‘420), as its first and second
working sensor parts 43, 42 are constructed in the same
manner, include the same reagent, and are the same size
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,

said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

20128453v1

See Nankai (‘420) at 8:4-46, FIG. 12.

Nankai (‘420): a reference sensor part 5 which is a
common reference for both the first and second working
sensor parts 43, 42.

Nankai (‘420) at 8:4-52, 4:55-57, FIG. 12.

While Nankai (‘420) does not explicitly show the
reference sensor part 5 being upstream from the first and
second working sensor parts 43, 42, such arrangement is
merely an unpatentable rearrangement of parts, and in
any case would be one of a finite number of identified,
predictable solutions having a reasonable expectation of
success (and thus obvious to try).

Nankai (‘420): said reference sensor part 5 and said
first and second working sensor parts 43, 42 being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part 5 and said first and second working sensor
parts 43, 42.

Nankai (‘420) at 8:4-29, FIG. 12.

Nankai (‘420): said first and second working sensor
parts 43, 42 and said reference sensor part 5 are
provided on a disposable test strip.

Nankai (‘420) at 8:37, F1G. 12

Nankai (‘420) at 8:25-30
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measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the
sample liquid,
comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined
threshold.

20128453v1

Using Patent Owner’s construction of “proportional”
(i.e., correlated to), Nankai (‘420) measures an electric
current at each working sensor part proportional to the
concentration of said substance in the sample liquid.
Nankai (‘420) at 8:11-14, 8:30-46.

While Nankai (‘420) teaches taking multiple readings
and calculating a mean value, see Nankai (‘420) at 8:11-
14 and 8:30-46, Lichten teaches that simply averaging
the values of collected data without doing more is
incomplete. Instead, an estimate of error in the
measurement should be obtained. See Lichten at p. 3.
According to Lichten, a “handy measure” of the error is
the average deviation from the mean. /d. Thus, when
considered in view of Nankai (‘420), Lichten teaches
that the electric current from each of the working sensor
parts should be compared to establish a difference
parameter (i.e., the average deviation). This would be
nothing more than the combination of prior art elements
according to known methods to yield predictable results,
and Lichten’s teaching further would have led one of
ordinary skill to modify Nankai (‘420) to include this
step.

Because Nankai (‘420) teaches that it is important to
obtain accurate glucose readings, see Nankai (‘420) at
1:18-19, 2:64, 4:1-2, 8:43, it would have been obvious
to indicate that an error has occurred if the difference
parameter is greater than a predetermined threshold (i.e.,
if the error is impermissible). One of ordinary skill in
the art would have been motivated to provide the
indication of an error based on the teachings of Nankai
(‘420) and common sense.
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Claim 1 of ‘105 Patent
and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

20128453v1

Exhibit 20

Any deficiency in the arrangement of sensor parts is met
by Winarta (‘229). Winarta (‘229) discloses placing the
reference sensor part R upstream from the working
sensor parts W, Wo as claimed. Winarta (‘229) at 5:59
to 6:10, 7:11-42, FIG. 2. Incorporating this into Nankai
(‘420) would be nothing more than the use of a known
technique to improve similar devices/methods in the
same way, and the results would be predictable.

Any deficiency in the arrangement of sensor parts is met
by Winarta (‘229). Winarta (‘229) discloses placing the
reference sensor part R upstream from the working
sensor parts W, Wo and unidirectional flow as claimed.
Winarta (‘229) at 5:59 to 6:10, 7:11-42, FIG. 2.
Incorporating this into Nankai (‘420) would be nothing
more than the use of a known technique to improve
similar devices/methods in the same way, and the results
would be predictable.
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Claim 1 of ‘105 Patent
and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;
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Exhibit 21

Any deficiency in the arrangement of sensor parts is met
by Yee (‘256). Yee (‘256) discloses that the
arrangement of electrodes does not affect their
characteristics. Yee (‘256) at 2:11-13. This further
confirms that it would be obvious to place the reference
sensor upstream of the working sensor parts, as set forth
in claim 1.

Any deficiency in the arrangement of sensor parts is met
by Yee (‘256). Yee (°256) discloses that the
arrangement of electrodes does not affect their
characteristics. Yee (‘256) at 2:11-13. This further
confirms that it would be obvious to place the reference
sensor upstream of the working sensor parts and have
unidirectional flow, as set forth in claim 1.
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Claim 1 of ‘105 Patent

and giving an indication Stewart (‘891) at 11:18-23.

of an error if said

difference parameter is  Incorporating this feature from Stewart (‘891) would be

greater than a nothing more than the use of a known technique to
predetermined improve similar devices/methods in the same way, and
threshold. the results would be predictable.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said
charge carriers
generated by said

20128453v1

Exhibit 24

Winarta (229) in view of Say (‘752)
The combination of references provides the claimed
method.

Winarta (‘229) provides the claimed measuring device
at sensor 10.

Winarta (‘229): a first working sensor part W for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (‘229): a second working sensor part Wo
downstream from said first working sensor part W also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (°229): said first and second working sensor
parts W, Wo are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part W are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
Wo.

This is inherent in Winarta (‘229), as its first and second
working sensor parts W, Wo are constructed in the same

manner, include the same reagent, and are the same size.
See Winarta (‘229) at 5:37-54, 7:11-42, 9:4-14, FIG. 2.
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second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the

20128453v1

Even if W and Wo are not the same size, one of ordinary
skill in the art would have altered the sizing to arrive at
a uniform size to take advantage of the Say (‘752)
disclosure of taking multiple measurements and
performing averaging and comparison functions.
Winarta (‘229): a reference sensor part R upstream
from said first and second working sensor parts W, Wo
which reference sensor part R is a common reference for
both the first and second working sensor parts W, Wo.

Winarta (‘229) at 5:59 to 6:10, 7:23-25, FIG. 2

Winarta (‘229): said reference sensor part R and said
first and second working sensor parts W, Wo being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part R and said first and second working sensor
parts W, Wo.

Winarta (‘229) at 5:59-62, FIG. 2.

Winarta (¢229): said first and second working sensor
parts W, Wo and said reference sensor part R are
provided on a disposable test strip.

Winarta (‘229) at Abstract, 11:2-3, FIGs. 1-3.

Winarta (‘229) at 5:59-62, 10:1-67

Say (¢752) discloses that readings should be taken from
multiple electrodes and compared to one another to
identify errors. See Say (‘752) at 39:26-46, 40:11,
40:14-16. Because the test strip of Winarta (‘229) is
capable of taking multiple measurements (i.e., using the
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sample liquid,;

comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;,

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined
threshold.

20128453v1

first working sensor part W and the second working
sensor part Wo), it would have been obvious to take
multiple measurements and obtain an average as taught
by Say (“752). This would be nothing more than the use
of a known technique to improve similar
devices/methods in the same way, and the results would
be predictable.

Say (“752) discloses that when readings are taken from
multiple electrodes, they should be compared to one
another to identify errors. See Say (‘752) at 39:26-46,
40:11, 40:14-16. Because the test strip of Winarta (‘229)
is capable of taking multiple measurements (i.e., using
the first working sensor part W and the second working
sensor part Wo), it would have been obvious to take
multiple measurements and obtain an average as taught
by Say (‘752). This would be nothing more than the use
of a known technique to improve similar
devices/methods in the same way, and the results would
be predictable.

When the comparison in Say (‘752) reveals that the
difference in readings is outside a predetermined
threshold level, the patient is alerted that the sensor is
defective. See Say (‘752) at 39:26-46, 40:11. Alerting
users of the Winarta (‘229) device of defects would have
been obvious in light of the teachings of Say (‘752).
This would nothing more than the use of a known
technique to improve similar devices/methods in the
same way, and the results would be predictable.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising;:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said

20128453v1

Exhibit 25

Winarta (‘229) in view of Horii (‘998)
The combination of references provides the claimed
method.

Winarta (‘229) provides the claimed measuring device
at sensor 10.

Winarta (°229): a first working sensor part W for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (‘229): a second working sensor part Wo
downstream from said first working sensor part W also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (‘229): said first and second working sensor
parts W, Wo are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part W are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
Wo.

This is inherent in Winarta (‘229), as its first and second
working sensor parts W, Wo are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
Strip;

applying the sample
liquid to said measuring
device;

measuring an electric
current at each working
sensor part proportional

20128453v1

See Winarta (‘229) at 5:37-54, 7:11-42, 9:4-14, F1G. 2.

Even if W and Wo are not the same size, one of ordinary
skill in the art would have altered the sizing to arrive at
a uniform size to take advantage of the Horii (‘998)
disclosure of taking multiple measurements and
performing comparison functions.

Winarta (‘229): a reference sensor part R upstream
from said first and second working sensor parts W, Wo
which reference sensor part R is a common reference for
both the first and second working sensor parts W, Wo.

Winarta (‘229) at 5:59 to 6:10, 7:23-25, FIG. 2.

Winarta (‘229): said reference sensor part R and said
first and second working sensor parts W, Wo being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part R and said first and second working sensor
parts W, Wo.

Winarta (‘229) at 5:59-62, FIG. 2.

Winarta (‘229): said first and second working sensor
parts W, Wo and said reference sensor part R are
provided on a disposable test strip.

Winarta (‘229) at Abstract, 11:2-3, FIGs. 1-3.

Winarta (‘229) at 5:59-62, 10:1-67.

Horii (‘998) teaches that multiple measurements should
be taken to identify errors. See Horii (‘998) at Abstract,
FIG. 2. Because the test strip of Winarta (‘229) is
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to the concentration of  capable of taking multiple measurements (i.e., using the

said substance in the first working sensor part W and the second working

sample liquid; sensor part Wo), it would have been obvious to take
multiple measurements as taught by Horii (‘998). This
would be nothing more than the use of a known
technique to improve similar devices/methods in the
same way, and the results would be predictable.

comparing the electric ~ Horii (‘998) at Abstract, 3:41 to 4:66, FIG. 2.

current from each of the

working sensor parts to  Incorporating this feature from Horii (‘998) would be

establish a difference nothing more than the use of a known technique to

parameter; improve similar devices/methods in the same way, and
the results would be predictable.

and giving an indication Horii (‘998) at Abstract, 4:8-16, 5:5-9, FIG. 2.

of an error if said

difference parameter is  Incorporating this feature from Horii (‘998) would be

greater than a nothing more than the use of a known technique to
predetermined improve similar devices/methods in the same way, and
threshold. the results would be predictable.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the guantity of said

20128453v1

Exhibit 26

Winarta (‘229) in view of Schulman (‘344)
The combination of references provides the claimed
method.

Winarta (‘229) provides the claimed measuring device
at sensor 10.

Winarta (‘229): a first working sensor part W for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid

Winarta (‘229) at 7:11-42.

Winarta (‘229): a second working sensor part Wo
downstream from said first working sensor part W also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (‘229): said first and second working sensor
parts W, Wo are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part W are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
Wo.

This is inherent in Winarta (‘229), as its first and second
working sensor parts W, Wo are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

measuring an electric
current at each working
sensor part proportional

20128453v1

See Winarta (‘229) at 5:37-54, 7:11-42, 9:4-14, F1G. 2.

Even if W and Wo are not the same size, one of ordinary
skill in the art would have altered the sizing to arrive at
a uniform size to take advantage of the Schulman (‘344)
disclosure of taking multiple measurements and
performing comparison functions.

Winarta (229): a reference sensor part R upstream
from said first and second working sensor parts W, Wo
which reference sensor part R is a common reference for
both the first and second working sensor parts W, Wo.

Winarta (‘229) at 5:59 to 6:10, 7:23-25, FIG. 2

Winarta (‘229): said reference sensor part R and said
first and second working sensor parts W, Wo being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part R and said first and second working sensor
parts W, Wo.

Winarta (‘229) at 5:59-62, FIG. 2.

Winarta (‘229): said first and second working sensor
parts W, Wo and said reference sensor part R are
provided on a disposable test strip.

Winarta (‘229) at Abstract, 11:2-3, FIGs. 1-3.

Winarta (‘229) at 5:59-62, 10:1-67.

Schulman (°344) teaches that multiple measurements
should be taken to identify errors. See Schulman (‘344)
at 3:17-28. Because the test strip of Winarta (‘229) is
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to the concentration of  capable of taking multiple measurements (i.e., using the

said substance in the first working sensor part W and the second working

sample liquid, sensor part Wo), it would have been obvious to take
multiple measurements as taught by Schulman (‘344).
This would be nothing more than the use of a known
technique to improve similar devices/methods in the
same way, and the results would be predictable.

comparing the electric ~ Schulman (‘344) at 3:17-28

current from each of the

working sensor partsto  Incorporating this feature from Schulman (‘344) would

establish a difference be nothing more than the use of a known technique to

parameter; improve similar devices/methods in the same way, and
the results would be predictable.

and giving an indication Schulman (‘344) at 3:17-28.

of an error if said

difference parameteris  Incorporating this feature from Schulman (*344) would

greater than a be nothing more than the use of a known technique to
predetermined improve similar devices/methods in the same way, and
threshold. the results would be predictable.
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Claim 1 of ‘105 Patent  Winarta (‘229) in view of Yee (‘256) and Khazanie

A method of measuring The combination of references provides the claimed
the concentration of a method.

substance in a sample

liquid comprising the

steps of:

providing a measuring ~ Winarta (‘229) provides the claimed measuring device
device said device at sensor 10.

comprising:

a first working sensor Winarta (°229): a first working sensor part W for
part for generating generating charge carriers in proportion to the
charge carriers in concentration of said substance in the sample liquid
proportion to the

concentration of said Winarta (‘229) at 7:11-42.

substance in the sample

liquid;

a second working sensor Winarta (‘229): a second working sensor part Wo
part downstream from downstream from said first working sensor part W also
said first working sensor for generating charge carriers in proportion to the
part also for generating  concentration of said substance in the sample liquid.
charge carriers in

proportion to the Winarta (‘229) at 7:11-42

concentration of said

substance in the sample

liquid

20128453v1
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wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are

substantially identical to

the quantity of said
charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

20128453v1

Winarta (°229): said first and second working sensor
parts W, Wo are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part W are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
Wo.

This is inherent in Winarta (‘229), as its first and second
working sensor parts W, Wo are constructed in the same

manner, include the same reagent, and are the same size.
See Winarta (‘229) at 5:37-54, 7:11-42, 9:4-14, FIG. 2.

Even if W and Wo are not the same size, one of ordinary
skill in the art would have altered the sizing to arrive at
a uniform size to take advantage of the Yee (‘256) and
Khazanie disclosures of taking multiple measurements
and performing averaging and comparison functions.
Winarta (‘229): a reference sensor part R upstream
from said first and second working sensor parts W, Wo
which reference sensor part R is a common reference for
both the first and second working sensor parts W, Wo.

Winarta (°229) at 5:59 to 6:10, 7:23-25, FIG. 2.

Winarta (‘229): said reference sensor part R and said
first and second working sensor parts W, Wo being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part R and said first and second working sensor
parts W, Wo.

Winarta (‘229) at 5:59-62, FIG. 2.
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wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

measuring an electric
current at each working
sensor part proportional
to the concentration of
said substance in the
sample liquid,

comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;

20128453v1

Winarta (°229): said first and second working sensor
parts W, Wo and said reference sensor part R are
provided on a disposable test strip.

Winarta (‘229) at Abstract, 11:2-3, FIGs. 1-3

Winarta (‘229) at 5:59-62, 10:1-67.

Yee (‘256) discloses that, due for example to the
construction methods for glucose test strips, error can be
expected in test results. See Yee (‘256) at 1: 21-36. To
counter that error, Yee (‘256) teaches that multiple
measurements should be taken and averaged together.
Id. at 1:48-51, 2:34-41, 2:49-56. Because the test strip of
Winarta (‘229) is capable of taking multiple
measurements (i.e., using the first working sensor part
W and the second working sensor part Wo), it would
have been obvious to take multiple measurements and
obtain an average as taught by Yee (‘256). This would
be nothing more than the use of a known technique to
improve similar devices/methods in the same way, and
the results would be predictable.

While taking multiple readings is an obvious step as set
forth above, Khazanie teaches that simply averaging the
values of collected data without doing more is an
undesirable practice. For example, Khazanie says that
“Variability of values in data collected is a very
common phenomenon, and its importance should be
acknowledged.” Khazanie at p. 101. To obtain a better
understanding of the collected data, either the mean
deviation—or even more preferably the standard
deviation—should be computed. /d. at pp. 103-105.
Thus, when considered in view of the Winarta (‘229)
and Yee (‘256) combination set forth above, Khazanie
teaches that the electric current from each of the
working sensor parts should be compared to establish a
difference parameter (i.e., a mean deviation or a
standard deviation). This would be nothing more than
the combination of prior art elements according to
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known methods to yield predictable results, and
Khazanie’s teaching further would have led one of
ordinary skill to modify the prior art references to
include this step.

and giving an indication Because Winarta (‘229) teaches that it is important to

of an error if said obtain accurate glucose readings, see Winarta (‘229) at
difference parameteris  1:13-19 and 3:36-37, and also because Yee (‘256)
greater than a teaches that there is a range of errors that is
predetermined impermissible, see Yee (‘256) at 1:33-53, it would have
threshold. been obvious to indicate that an error has occurred if the

difference parameter is greater than a predetermined
threshold (i.e., if the error is impermissible). One of
ordinary skill in the art would have been motivated to
provide the indication of an error based on the teachings
of Winarta (‘229), the disclosure of Yee (‘256), and
common sense.
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Claim 1 of ‘105 Patent
A method of measuring
the concentration of a
substance in a sample
liquid comprising the
steps of:

providing a measuring
device said device
comprising:

a first working sensor
part for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid;

a second working sensor
part downstream from
said first working sensor
part also for generating
charge carriers in
proportion to the
concentration of said
substance in the sample
liquid

wherein said first and
second working sensor
parts are arranged such
that, in the absence of
an error condition, the
quantity of said charge
carriers generated by
said first working
sensors part are
substantially identical to
the quantity of said
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Winarta (‘229) in view of Lichten
The combination of references provides the claimed
method.

Winarta (‘229) provides the claimed measuring device
at sensor 10.

Winarta (‘229): a first working sensor part W for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42.

Winarta (‘229): a second working sensor part Wo
downstream from said first working sensor part W also
for generating charge carriers in proportion to the
concentration of said substance in the sample liquid.

Winarta (‘229) at 7:11-42

Winarta (‘229): said first and second working sensor
parts W, Wo are arranged such that, in the absence of an
error condition, the quantity of said charge carriers
generated by said first working sensors part W are
substantially identical to the quantity of said charge
carriers generated by said second working sensor part
Wo.

This is inherent in Winarta (‘229), as its first and second
working sensor parts W, Wo are constructed in the same
manner, include the same reagent, and are the same size.
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charge carriers
generated by said
second working sensor
part;

and a reference sensor
part upstream from said
first and second
working sensor parts
which reference sensor
part is a common
reference for both the
first and second
working sensor parts,
said reference sensor
part and said first and
second working sensor
parts being arranged
such that the sample
liquid is constrained to
flow substantially
unidirectionally across
said reference sensor
part and said first and
second working sensor
parts;

wherein said first and
second working sensor
parts and said reference
sensor part are provided
on a disposable test
strip;

applying the sample
liquid to said measuring
device;

measuring an electric
current at each working
sensor part proportional
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See Winarta (°229) at 5:37-54, 7:11-42, 9:4-14, FIG. 2.

Even if W and Wo are not the same size, one of ordinary
skill in the art would have altered the sizing to arrive at
a uniform size to take advantage of the Lichten
disclosure of taking multiple measurements and
performing averaging and comparison functions.
Winarta (‘229): a reference sensor part R upstream
from said first and second working sensor parts W, Wo
which reference sensor part R is a common reference for
both the first and second working sensor parts W, Wo.

Winarta (‘229) at 5:59 to 6:10, 7:23-25, FIG. 2.

Winarta (229): said reference sensor part R and said
first and second working sensor parts W, Wo being
arranged such that the sample liquid is constrained to
flow substantially unidirectionally across said reference
sensor part R and said first and second working sensor
parts W, Wo.

Winarta (‘229) at 5:59-62, FIG. 2.

Winarta (‘229): said first and second working sensor
parts W, Wo and said reference sensor part R are
provided on a disposable test strip.

Winarta (‘229) at Abstract, 11:2-3, FIGs. 1-3
Winarta (‘229) at 5:59-62, 10:1-67.
Lichten discloses that, to improve test results, “Common

sense tells you to take the average of several elements,
called the arithmetic mean or mean.” Lichten at p. 2.
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to the concentration of
said substance in the
sample liquid;

comparing the electric
current from each of the
working sensor parts to
establish a difference
parameter;

and giving an indication
of an error if said
difference parameter is
greater than a
predetermined

threshold.
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Because the test strip of Winarta (‘229) is capable of
taking multiple measurements (i.e., using the first
working sensor part W and the second working sensor
part Wo), it would have been obvious to take multiple
measurements and obtain an average as taught by
Lichten. This would be nothing more than the use of a
known technique to improve similar devices/methods in
the same way, and the results would be predictable.
While taking multiple readings is an obvious step as set
forth above, Lichten teaches that simply averaging the
values of collected data without doing more is
incomplete. Instead, an estimate of error in the
measurement should be obtained. See Lichten at p. 3.
According to Lichten, a “handy measure” of the error is
the average deviation from the mean. /d. Thus, when
considered in view of Winarta (‘229), Lichten teaches
that the electric current from each of the working sensor
parts should be compared to establish a difference
parameter (i.e., the average deviation). This would be
nothing more than the combination of prior art elements
according to known methods to yield predictable results,
and Lichten’s teaching further would have led one of
ordinary skill to modify Winarta (‘229) to include this
step.

Because Winarta (‘229) teaches that it is important to
obtain accurate glucose readings, see Winarta (‘229) at
1:13-19 and 3:36-37, and also because Yee (‘256)
teaches that there is a range of errors that is
impermissible, see Yee (‘256) at 1:33-53, it would have
been obvious to indicate that an error has occurred if the
difference parameter is greater than a predetermined
threshold (i.e., if the error is impermissible). One of
ordinary skill in the art would have been motivated to
provide the indication of an error based on the teachings
of Winarta (‘229) and common sense.
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