Corrections for Chapter Two

e P35, line 8 from the bottom, “confidence
level” should be “significant level”.

e P35, line, adding “, called confidence
level” after “1-o”

* P36, line below equation 2-13, “1-a”
should be “(1- a)x100%™



Chapter 2 Data Process and Analysis
AR5 2 Hr




Why Statistical Analysis of Analytical
Results Is Necessary and Important?

e What Is the maximum error can | tolerate?
e Lower? Identical? Higher?

Alcohol in blood sample (%0): 0.084, 0.089, 0.079

( critical value 0.090)

* Isthe new method can be adopted?

Glucose in serum (mg/L)

Method #1 |#2 #3 #4 #5 #6
Recognized Method | 1044 |720 [845 |800 |957 |650
New Method 1028 |711 |820 |795 |935 |639




Objectives HH

Minimize errorsfg/NRZE
Estimate the size of errors with acceptable accuracy
EEHENERBEER TMETHRE

Estimate the “true” valueftiitEAE

— Define limits within which the true value of a measured
quantity lies with a given level of probabilitym] &%

 \What maximum error can be tolerated in the result?
 How many determinations are necessary, then?

Compared your results with the “known value” or
standard material. 5 2 51{E BE tnEY) R LL B SR8
ZE R




Terminologies

o Replicatesz &z k¥k:
— Samples of about the same size are carried
through analysis in exactly the same way.

 Mean (average)¥i{E
e Qutlierss;

— A result that differs significantly from others
In the same data set.




Terminologies

Mean (average)FEZASFIYMH: X =% X
=1
Median H{7EL X
Deviationflg =
X RED = x -X

FSHRZER, = (d,/X)x100%
FHRET =3, /n

FSH PR ZER. = (d /X) x 100%
Range*&ﬁ R :Xmax _Xmin

What is the advantage about Median?



Accuracy and Precision

Accuracy

The closeness of a measured value to the
“True” or accepted value. Denoted as Error
which indicates systematic error of a method.

NEesRE “BHE” BIENEE, LRERS
B R E T IER R AR E

Absolute error4ixfix 2 E, =X -T

Relative errorfHXf ik 2 E, = % x100% ©




Accuracy and Precision

HERESEEE
Precisionfs %% &

Degree of agreement between replicate
measurements of the same quantity. It
describes the reproducibility of the
measurements. Denoted as random error.

FATN NS REMHEENEE. MRERD
— Standard Deviationfr#EfR 2=
— Coefficient of Variance 2257 &%




Corrections

. P29 V- ¢<u>x— o9t (24)

e P42, line 2

— From Table 2.5, F_,.(n,-1,n;-1) = F; ,:(4,3)=0.12 &N
— From Table 2.5, F_,;;(n,-1,n;-1) = F, 4:(3,4)=6.59

o P49 R T

F—1T M “ and 99%”



Homework

e Chapter 2: 2.5, 2.6



Homework

e Chapter 2: 2.7, 2.9~12



Accuracy versus Precision

i

f

i3

E5RERRIRR

() —xp) R

Analyst 1
Benzyl isothiourea
hydrochloride

(Xy — xp) emsasae ||

Analyst 2

Benzyl isothiourea
hydrochloride

L

(ES = xl‘) “‘\__ﬂ&

Analyst 3
Nicotinic acid

L (X4 —xp)

@
e o o |

Analyst 4
Nicotinic acid

-2.0

-1.5

-1.0 -0.5
Absolute error (x; — x,), %N

0
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Why Statistical Analysis of Analytical
Results Is Necessary and Important?

e What Is the maximum error can | tolerate?
e Lower? Identical? Higher?

Alcohol in blood sample (%0): 0.084, 0.089, 0.079

( critical value 0.090)

* Isthe new method can be adopted?

Glucose in serum (mg/L)

Method #1 |#2 #3 #4 #5 #6
Recognized Method | 1044 |720 [845 |800 |957 |650
New Method 1028 |711 |820 |795 |935 |639




Classification of Errors, Source and Way

to Eliminate or Reduce Errors
RERITR. AR RE &SR INE

» Systematic/Determinate Error 2 4t iz %
Affect accuracy of results

> Random/Indeterminate ErrorfELix %
Affect measurement precision

> Gross Errorid ik 2
| ead to outliers B &¢E




Systematic/Determinate Error R4t i~ =

HIrm

L LI

:(bears a sign)Fl1 E

> Method error £ iR E

—Difficult to

determine

2, NAPIRE

—Comes from non-ideal chemical or physical

behavior of the reagents(i&f]) and reactions
—Slowness, incompleteness of reaction
—Solubility R
—Instability of some species
—Non-specificity JE4¢ 7 4of most reagents
—Side-reaction| M.

—Calibrating by other methods or Analysis of
standard samples



Systematic Error

> Instrument Errors{X 28 2 &
—Uncalibrated Instrument {X 28 R #E
—  Uncalibrated/ worn weightsiErg B4R
—  Uncalibrated glasswareZl| & A~ #t
—Calibrating is the way to do it I#E (Z&%F. FEXT)
> Reagent ErrorsiAFf| A2 5| IR E

Running reagent blank

> Personal Errors ™A\ (F4E) RE

Prejudice or bias
Color observationFi i 52




Gross (Erron)id Kk (R E)
Personal Errors

> Lead to outliers E&E
> 1ti1s mistakel!lll!




Random/Indeterminate Errorffl iz =

Uncertainty A #ix 14, accidental, can not be avoided
— Follows mathematical laws of probability

A NBCEBEREE N (G2 RR)
— Random errors in analytical results follow a
Normal Distribution/Gaussian Curve

éﬂﬁﬁ?%[ﬁﬁm R — IR IER Bk =8 A

g AR ;‘ Karl Friedrich Gauss, b.1777
N ¥ Studied math in University of Gottingen, 1795-1798




Terminologies
Population /=44

— The collection of all measurements of interest to the
experimenter (finite and real/hypotheticalf& s # or
conceptual # & L#in nature).

— All members of a system

SamplefEZs:

— A subsetF£E of measurements selected from the
population

Population mean ()2 4&~F3¥4E and sample meanft4
SZ:[;/}J

X
Population standard deviation (o) B4t #ERE
sample standard deviation (S)FEAFr1ERE




Statistical Treatment of Random Error

Population Standard Deviation

BAKAFEIRE: o= \/Z(Xin—ﬂ)

Sample Standard Deviation

REARBRAE SR 2% SZJZ(HXi_ _ X)

(n-1) 8 H tHE, HIf (degree of freedom)Z& 7~

Relative Standard DeviationtH % 5 2 RSDz%
X

Coefficient of variationZ2 5% 2%, CV=(s/X)x100%



The Normal (Gaussian) Distribution1EZS 4> %h B2k

y: relative frequency iR &
X: dataflj£/&
. population mean B &-F34E
X-u. deviation from meanBgdlixz
o . population standard deviation

' " MR
y7;
0 X ~  Maximum value at x=p.
0 X—u —  Reflection point at x=u * 0.
(x—i1)? — Symmetrical according to x=u.
f (X) _ 1 e‘ 2:2 —  Profiles varies with o
B o~ 27 — Smaller error, bigger frequency




Standard Normal (z) Distribution

ﬁ}EE,.,\ﬁ#EW% N (0,1)

Maximum value at x=u.
— Reflection point at x=u* .
—  Symmetrical to x=u.
— Smaller error, bigger frequency
—  Profile does not vary with o

_X=p

3 2 1 0 1 2 3 4 u U=

l— 683 — O
9650

99.7%

Ul . the deviation of a result from the population
Mean relative to the standard deviation.




Normal Error Curve PropertiesJLR &, ic1E)

>

>

The mean occurs at the central point of maximum
frequency SZ & KR FXT MFIE
Small uncertainties are observed much more often
than very large ones

/NMRZEHIFIER K, KiRZE HIHTHER /D

There is a symmetrical distribution of positive and
negative deviations about the maximum

1E. REHIRRESE

Area under the curve gives the probability of a
measured value occurring between those limits

FH £ T B TH AR R s — N e {5 H BUAE — e Y6 Bl P O =R




Area under the Curve

the probability of the population mean area =
occurring between those limits

0.5

04

03

0.2

0.954
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k2
=

_J‘ e
~u

IES T AMER D E

du

|u| area | BE=Xp
0.674 | 0.500 | 50.0%
1.000 | 0.683 | 68.3%
1.645 | 0.900 | 90.0%
1.960 | 0.950 | 95.0%
2.000 | 0.954 | 95.4%
2.576 | 0.990 | 99.0%
3.000 | 0.997 | 99.7%

00 1.000 |100.0%




Our Task Left

Predict the true value by experimental data
Compare experimental data with true value
Compare two group experimental data
Exclusion of Outlier & #{E




The Confidence Interval (Cl)
(BER) EEXIE

The true value falls within the confidence
limit with a certain probability.

E— R B N EERE), Mt 24Ty
{E ] BEAFAE I X TH], AR EAE X TH]




Confidence Interval (Cl) & Confidence Level

HIEKX

X [8] 5 B 15 7KF

> (x-1.96 6, x +1.96 ¢ ) has 95%

probability containing the true
population mean pu.

» The probability that the true mean lies
within a confidence interval

> Significance Level-o values Z HEKF | !
The probability that a result is outside

—

X

the confidence interval ~ 7
/IMEEZR A% The Small Probability Event p-1966 u+1.960

X — u

TU =

>X=UuTUo > u=XxtUo
O



Barack Hussein Obama Jr.

R S Hillary Rodham Clinton
%
John McCalin
Yoau
N~ ¥
u-190c u+1.960c

A female President? A black president? A Caucasian Presidént?


http://en.wikipedia.org/wiki/File:John_McCain_official_portrait_with_alternative_background.jpg

Standard Deviation of the Mean (SEM)

A

—Z:[:,}j

1.2

N

HRIPREE

Jx)

SE|\/|18§=

-

(whenn— 0, s —> o)

A

n

SEM is the precision of the mean.



Confidence Interval (Cl)
> BB S EIR)N5%, Mu=1.96, ui BIS X AR (x -
1.9606, x+1.960)

It 1s 95% probable that the true population mean lies in
the f(x-1.960, x+1.960 ) (single determination)

> FHPATIENR, u KEE XA

For n replicate measurements, Cl at o

(X—u, §+uai)
J_ Vn

(X—u SEM, x+u SEM)



Statistical Data Treatment and

Evaluation Based on Sampling
BIRYIERI ST LT

SR sampling | A4 | Observation | ¥4
population FHIR sample Wl Data

~_ 7

Statistical analysis

Giit Ik
FEAREN: FFARRTE RAMEEL

The number of measurements in the sample set
The number of total number of measurements in the population




t-distribution t 93*%h

-for limited number of determinations
y (R )

X f= o0

William Gosset, 1876-1937, England
3 -2 1 0 1 2 3 t AChemist & a Mathematician

Gosset invented the t-test to handle small samples for quality
control in brewing. He wrote under the name "'Student"'.



CI for Limited Number of Determination

X, N, S
Confidence interval for u
— S = S
X—t1 (f)—, x+t (f)—),
( a( )\/ﬁ a( )\/ﬁ)

that is (x —t_( f)SEM, x+t_(f)SEM)
t Is determined by 1-a (Confidence Level)

and f (Degree of FreedomH H ).




Values of t at Levels of Probability as Indicated

tH{ETR

t (f) E Z K F a

f 0.50 0.10 0.05 0.01
1 1.00 631 1271 63.66
2 0.82 2.92 4.30 9.93
3 0.77 2.35 3.18 5.84
4 0.74 2.13 278 4.60
5 0.73 2.02 257 4.03
6 0.72 1.94 2.45 3.71
20 0.69 1.73 2.09 2.85
0 0.67 1.64 1.96 258




Finding the CI BfEX[FHHiE

1. sisagood estimate of o (c2.%N),
(1-a)% Clforpis (BAEREN (L-a)if, uBICEN):

(X-U —— X+u,

X )
2. o isunknown (o %)
BIEEANL-a)N, ulEE

&-uf)%, iwm%),

i.e., (x-t (f)SEM, x+t_(f)SEM)

i.e., (x-u SEM, X+U SEM)

X TRy

CIl versus n




Description of Analytical Results

TG R I IERIE

X, S, N

BT XEANEAEHT LA i o5 34T Se 1 HEWT
—EAHA T HIX A




Test of Significance & &L

» Comparing an experimental mean with a
known valueill & {5 prvfEAE t
—  Knownao (s is a good estimate of o) —u(z)fx i
—  Unknown o--tiy %

» Comparison of two experimental means
P 200 72 {EAH EL

Null hypothesisZF R &/ B3 (H,)

—A null hypothesis postulates that two or more observed
guantities are the same.

— T AR TER KRR . F/REBLE, FRETEMNR
MEFREMBER M. IS ERTFEERATEEN, a4
TPRREM, MNEERRK.




Test of Significance EZE KL

u(z)-Test (s>o) T- Test (¢ unknown)
1. Null Hypothesis H,:u=u, 1. Null Hypothesis Hy:p=u,
2. Calculate u 2. Calculate u
u 1=;_ﬂ0:;_ﬂ0 t _i_ﬂo:;_ﬂo
ca o SEM cal S
/ " //ﬁ SEM
3. Reject H,If | Uy | > u,ata ||3. Reject H,iIf | L.y | > t ata
given a. given a.
That is, u=u, , there is That is, u=u, , there is
significant difference between significant difference between
the estimated u and u,. the estimated u and u,
PELERERATT, o | WELEREMATT, pb
Su B REXER WEHRER| wBREER WEHERS
SR, RE.




0
R B . iRk
-U

o a

Rejection Region and Acceptance Region

TEAIA




Example 2.5

For molten Fe, w(C)=4.55%(u,), 6 =0.08%. There is suspect of
change of Fe content. Samples from 5 furnaces are (%): 4.28,
4.40, 4.42, 4.35, and 4.37. Estimate if there is any change of Fe

content at 95% confidence level?(a=0.05)

Null hypothesis g=pu, =4.55%, x =4.36%

X—to|  4.36% — 4.55%)

ucal —
o 0.08%/+/5
/ﬁ °

=5.31

Uys=1.96, U, =5.31>1.96
Null hypothesis is rejected at the 95% confidence level.

That is the iron content not the same as before.

BRI, BT HEHEEFRRMELERL.




Example 2.6
For a calcium sample with known g, , w(Ca0)=30.43% .

Estimate whether there are systematic errors of one
student’s results (n=6, X =30.51%, s=0.05%) at 95%

confidence level.

Null hypothesis: u=u, =30.43%

[x—m|  [30.51%—30.43%

@l s 0.05%//6
/ﬁ i

t0.05(5):2-571 1:cal>tcrit

Null hypothesis is rejected. That is, there are
systematic errors. 8 48R ¥, B HEEREIRE.

t




Comparison of Two Experimental Means

(LR ERNERAT R

Step 1: Comparison of precision — F test

B F B — B ARNEEE

e

(1) Ho .01 =09
: ) 005 .05
(2) F — big | i " F
cal 2 B BEE | e
Ssmall L Py P2 )
(3) Reject H,if F,>F, ,(f,, f,)
CF(nl—Z)IZ

AXFRHI A RERETHANEHE y=

(n2 + an)(n1+n2)/2



Critical Values of F at the 5%

Probability Level

(95% confidence Level) 8%k J50.05HF S ER
F T Clggers)

Freedom 2 3 4 5 6 { 00

4y | 2 /19.00 | 19.16 | 19.25 | 19.30 | 19.33 | 19.36 | 19.50

B | 3| 955|928 | 9.12 | 9.01 | 894 | 8.88 | 8.53

i, | 4694|659 639|626 | 616 | 6.09 | 5.63

5| 579 | 541 | 519 | 5.05 | 495 | 4.88 | 4.36

6 | 514 | 476 | 453 | 439 | 428 | 4.21 | 3.67

9 | 426 | 3.86 | 3.63 | 3.48 | 3.37 | 3.29 | 2.71

o | 3.00 | 260 | 2.37 | 2.21 | 2.10 | 2.01 | 1.00




Step 2: t test to compare two means (o,= o)

B4 Rt x5 X, 0,50,

(D) Hy ty =

(2) t _ X1 - X5 nan
cal —

pooled standard deviation & J1-#r 1k

<= | -1sy® +(ny - sy’
pooled nl + n2 _ 2

(3) Reject H,if [ty | > t, (N + 1y - 2)



Example 2.7
Compare the results from two methods

for determination of w(Na,CO,) at 95%
confidence level.

Met hodl Method 2
n, =5 n, =/
X, =42.34% X =42.44%,

s,=0.10% s,=0.12%



1.F test («=0.10)

2
S -
Foal = —2— =0.122/0.102=1.44 <F 5(3,4)=6.59

Ssmall

o, and o, are statistically identical. That is, there is
no significant difference between ¢; and o,;

2.1t test («=0.05)

X — X NN
t  =—t "2 |12 _136<t,(7)=237
cal Sp \/ ”1 +n2 0.05( )

There Is no systematic error at 95% confidence level.

P TENFIEERGIRE -




Why Statistical Analysis of Analytical
Results Is Necessary and Important?

e What Is the maximum error can | tolerate?
e Lower? Identical? Higher?

Alcohol in blood sample (%0): 0.084, 0.089, 0.079
( critical value 0.090)

* Isthe new method can be adopted?

Glucose in serum (mg/L)

Method |Patientl |Patient2 |Patient3 |Patient4 |[Patient5 |Patient6
A 994 670 795 750 907 600
B 1028 711 820 795 935 639




2. 1 test for paired data (« = 0.05)
d— AO d—0

t.., = =4.628 >t 5)=2.97,

_ Z‘di ‘ sz Zl%

d= =14.67,s, = N_-776,N =6
N N—1

We reject the null hypothesis and conclud that these two

methods give different results. Fifh L RBIRE




2. t test for difference in means(« = 0.05)

X1 =Xy | NN
b =——° \/ L2 =0.35<1(5(10)=2.23
The null hypothesis would be accepted.
The large patient-ti-patient variability masks the

method differences that are of interest. Pairing allow us
to focus on the differences.

Method [Patient 1 [Patient 2[Patient 3|Patient 4 [Patient 5|Patient 6|Mean |SD

A 994 670 795 750 907 600 786 146.5
B 1028  [711 820 795 935 639 821.3 (142.7

S, =144.6




Detection of Gross Errors

5 E (Outlier) BfEI—OQ test

_ ‘Xq A

Qc:al —

Xmax ~ Xmin

It Q. > Q. then x, isan outlier and can be rejected

with the indicated degree of confidence.

Critical values for the Rejection Quotient, Q{E3%
Number of

observations 3 4 5 6 7 3 9 10
WEXRHN

Qo.00 094 0.76 | 0.64 | 0.56 | 0.51 | 0.47 | 0.44 | 0.41
Qo.o5 0971084 | 0.73|064 059|054 051|049




m—t

2.4 W 58751150 R E R

(Will also be lectured at the end of the semester!)

H
E |

Lk FEa & ) i ik IRIEF A 1 EE .
P oA P 2EL i S o) A 52 ) 5K
2.8/ N iR 7 DU T AR

3. AT E4-67K, fH-~F-15)
48R R G iR 2

(1) BBV I T RS R,

(2) & -

R

A

[EERESUMEN R

, XPRE i PR

0]

]



Regulations JLIiHE &

1. 70T BFETHA 1 0.02450

2. HFEHI0E AR, mIFHEEIEAR:
1000 ( 1.0X 103, 1.00X103,1.000 X 103)

3. BRI E AR LREBME (BB RR. T
RR); BHEINAERAFLRSME, W e

4. B FE —DMBRTET 8K, A FIEZ —L
BHREFE, 0 9.45%X 104 95.2%, 8.65
5. ME SR BIF BB A IR B AT
1 10-234 ; pH=11.02, WJ[H*]=9.5 X 10-12




6. RE R FHIREE1~201;

7. A2 A 2 R — N AR R T

(H T KAE — LA L)

8. W= T IE— N BT (E=0.1%)
= AT 92~347

Rule of thumb for rounding data

PUE7SA FLA
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