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General Consideration for Analytical
Procedures

1 Minimal versus enhanced approaches to analytical procedure development

JAnalytical Procedure Lifecycle
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General Consideration for Analytical
Procedures

The goal of development is to obtain an analytical procedure fit for the intended

purpose:

to measure an attribute or attributes of the material with the needed

specificity/selectivity, accuracy, precision over the reportable range.
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Minimal Approaches

Selecting an appropriate technology J

Conducting studies to evaluate analytical procedure |
performance characteristics J

Documenting the analytical procedure including the analytical |
procedure control strategy

= an e
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Enhanced Approaches

Conducting risk assessment J

Conducting uni- or multivariate experiments

set-points and/or ranges for relevant analytical procedure

- Defining an analytical procedure control strategy including
parameters.
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Introduction to Data Science
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Orders and Ways
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A One sample B A sample set
Zeroth-order « One way ”
First-order [] Two ways
Second-order Three ways
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Analytical Target Profile
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Analytical Target Profile
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Knowledge and risk management in Analytical
Procedure Development and continual improvement

JKnowledge Management

JRisk Management




Knowledge Management
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Risk Management
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ANOVA
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P-Value interpretation in ANOVA
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ANOVA

. dos Conditions Replicate measurements Mean
o A Freshly prepared 102, 100, 101 101
SeE B Stored for 1 hour in the dark 101, 101, 104 102
- — C Stored for 1 hour in subdued light 97, 95,99 97
D Stored for 1 hour in bright light 90, 92, 94 92
002 002
Overall mean 98

000 000 i T -
-10 -5 o 5 10 15 -5 1] 5 10 15 20
Anova: Single Factor
s oo8
007
oo oo SUMMARY
006 "
005 e Groups Count Sum Average Variance
004 e Column 1 3 303 101 1
o 003 Column 2 3 306 102 3
ooz g Column 3 3 291 97 4
- = Column 4 3 276 92 4
0.00 @ X 13 = 000 o X .y .
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 186 3 62 20.66667 0.0004 4.066181
Within Groups 24 8 3
Total 210 11
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| 2 | 3 2 1 1 A 1 1 1 1 1 1 1 1 1 1
BN 12 3 1 1 -1 1 1 1 1 1 1 1 1 1 1
4 6 4 1 1 1 1 1 1 1 1 1 1 1 1 1
| 5 | 5 5 1 1 1 1 1 1 1 1 1 1 —1 - 1
| 6 | g 6 1 1 A 1 1 1 1 1 1 1 A 1 1
|7 | 0 7 1 1 1 1 1 1 1 1 1 1 1 1 1
s | 1 3 1 1 1 1 1 1 1 1 a 1 a 1 1
o | 3 ? 1 1 A 1 1 1 1 1 A 1 1 -1 1
10 | 7 10 1 1 E 1 1 1 1 1 1 1 1 A 1
R 1 1 1 1 1 1 1 1 1 1 1 1 1 A 1
| 12 | 1 12 1 1 E 1 1 1 1 1 1 1 1 1 1
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(Plackett-Burman) e ,» <™ #,b

A+B-C(
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12
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Plackett-Burman Design

Factors: 11 Replicates: 1
Base runs: 12 Total runs: 12
Base blocks: 1 Total blocks: 1
Design Table M- Unfited-[Woreeet 3 . -O&
D Fle Edit Data Calc Stat Graph Editor Took Window Help Assistant o
Run Blk A B C D E F G H J K L . e . B — =
EHG §DBoel2 4 Jﬂ%%l@%pﬁ%ﬁ@@EIGIEHE?@MFW:& ==hls 40
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3 1 - 4+ + - 4+ - - - o+ 4 % 1 1 1 1 E Without |90 100 0 0001 0006 1
2 2 2 1 1150 0 A With 30 100 30 0.001 0.006 125
4 1 + - + + - + - - - + + 3 3 3 1 1]40 0 B Without 210 100 30 0.0005 0.006 125
4 4 4 1 1150 80 B With 30 200 30 0.0005 0.004 125
0 L v = s s 5 5 5 1 150 10 |A With 210 100 60 0.0005 0004 1
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9 1 - - - 4+ 4+ 4+ - 4+ + - +  — _
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10 1 + - - - 4+ + 4+ - 4+ + - R
11 1 - + - - - 4+ 4+ 4+ - + +
12 1 - - - - - - - - - - -
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Pareto Chart

5/16/2025

Pareto Chart of the Effects
(response is C16, a = 0.05)

Factor

FAR-SIOOMTMMOoON®E >

Name

FAR-SIOMTMMOoON®@E >

Term 41.02
1
H :
1
B 1
1
L |
1
G 1
1
z i
1
A 1
1
D |
1
K 1
1
F i
1
E 1
1
J :
1
20 30 40
Effect

Lenth's PSE = 14.25

ANALYTICAL METHOD VALIDATION ACCORDING TO ICH Q2 BY MEHDI TAVANCHEH




Evaluation of robustness and parameters
ranges of analytical procedures

JRobustness

JAnalytical procedure parameter range




Robustness
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Contour Plot of C9vs D, C Contour Plot of C9 vs B, A Surface Plot of C9 vs B, A
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Surface Plot of C9vs B, A
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Analytical procedure control strategy

_IEstablished conditions for analytical procedures
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Established conditions for analytical procedures

o5l 3 lse el sl o n EC
oPerformance characteristics and associated criteria
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oAnalytical procedure principle
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Wgos 9 SST sl b)) slo s @
oSet points and/or ranges for one or more analytical procedure parameters
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Lifecycle management and post approval
changes of analytical procedures
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knowledge
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Examples of analytical procedure change evaluation

Risk Factor: Extent of change

Change of analytical procedure principle (physicochemical/biochemical basis)

Bridging strategy:

Full validation of new procedure And Comparative analysis of representative samples and
reference materials. And/or Demonstration that the analytical procedure’s ability to discriminate

between acceptable and non-acceptable results remains comparable
Evidence of the suitability of a new procedure:

Analytical procedure performance characteristics are evaluated and criteria are met after the change
And Results are comparable after change or differences are acceptable and potential impact on

specification evaluate
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Examples of analytical procedure change evaluation

Risk Factor: Extent of change

Change within same analytical procedure principle

Bridging strategy:

Partial or full revalidation of the analytical procedure performance characteristics affected by the change And, as
appropriate Comparative analysis of representative samples and reference materials And/or Demonstration
that the analytical procedure’s ability to discriminate between acceptable and non-acceptable results remains

comparable
Evidence of the suitability of a new procedure

Analytical procedure attributes are evaluated and criteria are met after change And, as appropriate Results are

comparable after change or differences are acceptable and potential impact on specification evaluated
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Examples of analytical procedure change evaluation

Risk Factor: Extent of change

Transfer of analytical procedure to a different site with no change in procedure itself

Bridging strategy:

Partial or full revalidation of the analytical procedure performance characteristics
and/or Comparative analysis of representative samples and reference materials or

Justification for not performing additional transfer experiments
Evidence of the suitability of a new procedure

Analytical procedure attributes are evaluated and criteria are met after change And/or

Results are comparable
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Analytical Procedure Validation Study

A validation study is designed to provide sufficient evidence that the analytical

procedure meets Its objectives
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The analytical procedure lifecycle

Analytical Procedure Development

Product
and Process Technology o Risk Identification of
Understanding Selen:tlnnk nss&:sment T Paramurns:t-mm
3 : and/for Ranges
%g“.‘ r' § ¥
i 25 Definition of
POE Analytical Procedure
Control Strategy - > Analytical Target P Control Strategy
Attributes Profile (ATP) N
Requiring Testing e e N
H ('Frar,:?‘ma:'?ce T W
: Weristicy | Change | | validation |
H Analytical
Pr
Gt e
Product andfor Continual
ED"ﬁ:EE:T- / Improvement \ Routine Use and On-
Requiring Testing Change Management going Monitoring
Analytical Procedure Lifecycle
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GENERAL CONSIDERATIONS FOR ANALYTICAL PROCEDURE

VALIDATION

Validation During the
Lifecycle of an
Analytical Procedure

Analytical Procedure Reportable Range

Validation Study

» Validation Tests » Changes * specification » Samples spiked with
* performance target analytes and
characteristics known interferences
* Analytical Procedure » Samples that have
Objective been exposed to
Determination various physical and
chemical stress
conditions

* Actual product
samples that are
either aged or have
been stored under
stressed conditions

Considerations for
Multivariate

Analytical Procedures

* In the first phase,

model development
consists of
calibration and
internal testing.
Calibration data are
used to create the
calibration model

* In the second phase,

model validation, a
validation set with
independent samples
is used for validation
of the model
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Typical performance characteristics and related validation tests for

measured quality attributes

5/16/2025

Measured Quality
Attribute

Procedure
Performance
Characteristics to be
Demonstrated (2)

IDENTITY

IMPURITY (PURITY)
Other quantitative
measurements (1)

Quantitative
Test

Limit Test

ASSAY
Content or potency

Other quantitative
measurements (1)

Specificity (3)
Specificity Test

Range
Response
(Calibration Model)

Lower Range Limit

DL

Accuracy (4)
Accuracy Test

Precision (4)
Repeatability Test

Intermediate
Precision Test
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Validation study design and evaluation

* Objectives/performance charactenstics * Analytical procedure lifecycle
Analytical procedure management

* Appropnate development data
* Pnor knowledge

L Ly . NS RNIY |
ICH Q2
Validation protocol Validation report
Vahidation strategy: Document validation results and data:
* Evaluation of pnor knowledge, * Evaluation aganst acceptance critena
including available development or Or paramelter ranges
validation data with justification * Conclusions and acceptance of
* Additional expennments and evaluation analvtical procedure performance
according to ICH Q2 methodology or
altermative approach with justification

\ /

Validation tests and/or evaluation of data
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TRANSFER OF ANALYTICAL PROCEDURES

5/16/2025 ANALYTICAL METHOD VALIDATION ACCORDING TO ICH Q2 BY MEHDI TAVANCHEH



TRANSFER OF ANALYTICAL PROCEDURES
Statistical Analysis

significance test
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o a3l (NUIl HYpothesis) oo acs 3 lgie 4 aS quied ol 4o 8 oo Siules] Jb 50 b o lobae oyg03T SO ol o
PA5d e 03 GLEHO L el g o4

s Silotas gl (2 5m0 50 3BT o9y a5 0l o )l yao a8
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el N3 e 0 LP=0.05  mlaw [0 Soglis aS 098 oo a8 >
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TRANSFER OF ANALYTICAL PROCEDURES

Statistical Analysis

significance test

T-student test
t=(x—wn/s

X1—X2
t J—

s3 | s

ny ng
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One Sample t-Test

Comparing the Mean Values

Large Population
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Y

WO@W

Two Sample t-test

Comparing the Mean Values

e
B8
===

Small sample taken from
the population

Independent Sample 1

Independent Sample 2

41




TRANSFER OF ANALYTICAL PROCEDURES
Statistical Analysis

significance test

Normal Romatoied RN uv FTIR
184 281 (51 $7 ) 84.63 83.15
- byt me sm
1.0 362 Withthe number of degree of freedom a 3 S8 o t =d\n/sg
1.92 3.27 ; L 7 L 83.82 83.92
1.85 3.27 nfm-1) np-1) sass 8416
1.91 3.76 83.92 84.02
2.07 83.69 83.6
84.06 84.13

t-Test: Two-Sample Assuming Unequal Variances 84.03 84.24

t-Test: Paired Two Sample for Means

Variable 1 Variable 2
Mean 1.921428571 3.465 Variable 1 Varicble 2
Variance 0.005714286 0.19403 Mean 84.057 83.888
Observations 7 6 Variance 0.113912222 0.116662222
Hypothesized Mean 0 Observations 10 10
df 5 Pearson Correlation -0.421258103
t Stat -8 477239299 ::pothemzed Mean Dif g
P(T‘<ft} one—taill 0.000187645 tStat 0.933575015
t Critical one-tail 2.015048373 P(T<=t) one-tail 0.18744557
P(T<=t) two-tail 0.000375291 t Critical one-tail 1.833112933
t Critical two-tail 2.570581836 P(T<=t) two-tail 0.374891141
t Critical two-tail 2.262157163
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TRANSFER OF ANALYTICAL PROCEDURES
Statistical Analysis

significance test

Normal Romatoied

1.84 2.81
1.92 4.06
1.94 3.62
1.92 3.27
1.85 3.27
191 3.76
2.07

Anova: Single Factor

timel time2
59 59
56 59
56 59
59 58
57 55
55 57

t-Test: Paired Two Sample for Means

SUMMARY
Groups Count Sum Average Variance

Column 1 7 13.45 1.921429 0.005714
Column 2 6 20.79 3.465 0.19403
ANOVA

Source of

Variation SS df MS F P-value F crit
Between
Groups 7.697672 1 7.697672 84.30046 1.72E-06 4.844336
Within Groups 1.004436 11 0.091312
Total 8.702108 12

Variable 1 Variable 2
Mean 57 57.83333333
Variance 2.8 2.566666667
Observations 6 6
Pearson Correlatic 0.149209419
Hypothesized Me: 0
df 5
t Stat -0.9552009
P(T<=t) one-tail 0.191671665
t Critical one-tail 2.015048373
P(T<=t) two-tail 0.383343331
t Critical two-tail 2.570581836
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Reportable Range

The required reportable range is typically derived from the specification and depends on the
intended use of the procedure. The reportable range is confirmed by demonstrating that the
analytical procedure provides results with acceptable response, accuracy and precision. The
reportable range should be inclusive of the upper and lower specification or reporting limits, as

applicable.

LSAML) ABS oo 43\)‘ Jod b cés g cés cc.wb L \) s’“t‘-’ },,Jlf\ 09 aSes | Qo‘o ul.«...u L ui’)‘}f BB osg00

il py3) Syeo 10 il el Cudgaze b il 5 YU laseine ol aly 5,55 bl odgazme 04
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Use of analyviical
proceduoare

Low end of reportable
rangse

Higch end of reporiable
ramge

Assass of a product (1)

B0%% of declared content or
B20%% of lower specificatior
acceptance Criteriotl

120%%0 of declarad content or
120%%0 of thhe upper
specification acceptarnce
criteriom

Poterncywy

ILowest spaecification
acceptance criterior —20%60

Highest specificatiorn
acceptance criteriorn +20%%

Comtent uniformmatss

TO% %0 of declared content

120%% of declared content

IMi=soluatior:

Immediate relecase
- ome ot
specificatior

- multiple poirt
spoecification

Mlodified relecase

) - 45%0 of the lowest
strengoth

Lower limat of reportable
range {as justiitied by the
specification) or QL. as
appropriate_

Lower limat of reportable
range {as justitied bw the
specification) or (1. as
appropriate_

1=20%0 of declared content of
the highest strengoth

Irmparatss (170

F eporting threshold

12020 of specificatiorn
acceptance criteriory

Puritsys (as area o)

20%% of lower specification
acceptance Ccriteriotl

TTpper specification
acceptance criterion or 10024

5/16/2025

ANALYTICAL METHOD VALIDATION ACCORDING TO ICH Q2 BY MEHDI TAVANCHEH




VALIDATION TESTS, METHODOLOGY AND EVALUATION

Robustness

v
~

Accuracy and Precision

v
~

Range

L J
~N

Specificity/Selectivity
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Specificity/Selectivity

2 General Considerations

= Absence of Interference (e.g., impurities, degradation products, related substances,

matrices, or other components likely to be present)
=Orthogonal Procedure Comparison (Other valid technique, Correlation matrix)

=Technology Inherent Justification (e.g., resolution of isotopes in mass

spectrometry, chemical shifts in NMR spectroscopy)
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Correlation
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S 33 double
H 43 double

1 1 2 3
1 2 3 ]
02120 030 01900 1 1 1.0000 -0.1983
0T 010 0150 2 1.0000 1 -0.2080
0060 0060 02130 3 0.1985 0,080 |
0T 0MI0 02730 p

q




Specificity/Selectivity

JRecommended Data

=|ldentification

v confirmed by obtaining positive results comparable to a reference material using samples containing

the analyte, along with negative results from samples which do not contain the analyte.

v'should be applied to materials structurally similar to or closely related to the analyte to confirm that a

positive result is not obtained

A0y Sl e a5 Alb IS 28,5 el o b ede Dglad bl p sl JSs ogall slge iz R
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Specificity/Selectivity

=Assay, Purity and Impurity Test(s)

v'For separation techniques: (e.qg., for critical separations in chromatography, specificity can be demonstrated by the
resolution of the two components which elute closest to each other)

v"For non-separation techniques (e.g., bioassay, ELISA, gPCR), specificity can be demonstrated through the use of

reference materials or other suitably characterised materials to confirm the absence of interference in relation to the
analyte.

E=YEVER I\ COUN =) R ¥ Gétb\ g, SOl b s ais 5 L o ng‘::_s\ S8 ol 4w b ol ol g, SO a5 gl 4O
Cl (5o 00gu oo oolaiwl o9yl cole U (gilule, iomiw gl gl pT 5l 4T Sy (e olgie 4 g colaul SIS

o9 osliiul b callbl gl cobin LiglesT s i 5l (oS 3
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Specificity/Selectivity

=Assay, Purity and Impurity Test(s)

olmpurities or related substances are available or can be intentionally created:

performed by spiking product

olmpurities or related substances are not available:

comparing the test results of samples containing typical impurities, related substances or

degradation products with an orthogonal procedure(Other Analytical Technique).
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Accuracy and Precision

L OPe®

Accuracy = high  Accuracy = low  Accuracy = high  Accuracy = low
Precision = high Precision = high  Precision = low  Precision = low
(a) (®) (© (@)

Cross error Systemadc eTor
4
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Accuracy

Reference value

Orthogonal

'\
Procedure

)

Probabilty Accuracy
densty * y

Reference
Material |
Comparison

Spiking

« v Value SHCO

Precision
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Accuracy Recommended Data

Accuracy should be assessed using an appropriate number of determinations and
concentration levels covering the reportable range (e.g., 3 concentrations/3 replicates
each of the full analytical procedure)

Accuracy should be reported as the mean percent recovery of a known added amount of
analyte in the sample or as the difference between the mean and the accepted true value,
together with an appropriate 100(1-a)) % confidence interval (or justified alternative
statistical interval). The observed interval should be compatible with the corresponding
accuracy acceptance criteria, unless otherwise justified. » B +t,_,.,_; XS//n
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Accuracy Data Analysis

Sr.No. Conc.Level(%) Result(mg/g) Group Mean
1 50 992.1
2 50 988.43 992.00
3 50 991.90
4 100 987.22
5 100 997.5 990.11
6 100 993
7 150 992.4
8 150 993.67 993.04
9 150 987.76
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Accuracy Data Analysis

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Column1 3 2972.43 990.81  4.2583
Column 2 3 2977.72 992.5733333 26.55613
Column 3 3 2973.83 991.2766667 9.678433
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 5.008466667 2 2.504233333 0.185531 0.835253 5.143253
Within Groups 80.98573333 6 13.49762222
Total 85.9942 8
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Accuracy Data Analysis

Columnl

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness

Range

Minimum
Maximum

Sum

Count

Largest(1)
Smallest(1)

Confidence Level(95.0%

991.5533333
1.092869566
992.1

#N/A
3.278608699
10.749275
-0.096380388
0.260803757
10.28
987.22
997.5
8923.98
9
997.5
987.22
2.520161739
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0.14

0.12

01

0.08

0.06

0.04

0.02
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Normal Distribiution

Results
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Precision

5/16/2025

|

Repeatability

Precision

Intermediate
Precision

\

Reproducibility
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Precision Recommended Data

The standard deviation, relative standard deviation (coefficient of variation), and
an appropriate 100(1-a)) % confidence interval (or justified alternative statistical

Interval) should be reported.

The observed interval should be compatible with the corresponding precision

acceptance criteria, unless otherwise justified.
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Precision Data Analysis

Xx=1/n Z X;
5=2(1; = D)/ (n -1

Coefficient of variation (CV) = relative standard deviation (RSD)
= 100 x s/x

» One-Way ANOVA




Response

ILinear Response n =P+ Prx

INon-linear Response Y = Bo +Bix + fox? + ¢

JIMultivariate Calibration
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Straight Line Regression and Calibration

Regression analysis Is used to study the relationship between two or more

variables

Model | regression assume that the independent variable is not subject to error.
An important application of Model I regression analysis Is calibration where an
Instrumental response is related to the known concentration of the analyte in

calibration standard
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If both variables are subject to error, Moael 11 regression techniques,
which take into account the error associated with both variables, must
be applied. This Is the case, for example, in method-comparison

studies where there are measurement errors in both methods.
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Straight line regression

The use of a calibration line for determining the concentration of an analyte in a

sample 1s an important application of straight line regression

|.LI

It (). v - True regression line
| ® ( v=4y T
. =

=Pyt prx "f
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Example

n=>Pp+px ¥i =Byt B+

i itmg/mi) | i)
1 0 4.0 100 | " 100 ] .
2 10 21.1 o " o o
3 20 44.6 © - - -
4 30 61.8 o : o :
5 40 78.0 S 0] A
. 0_\!" T T T T T T 1T T TT T T T 1T 1T T T T T T T T T O_F."‘-." T T T T T T T T T T LINL I A N L L L B R B B |
6 50 105.2 0 10 20 30 40 50 60 0 10 20 30 40 50 60
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x=[0.0,;,10,;,20,;,30,;,40;501] ;
v=[4.0;21.2;44.6;61.8;78.0;105.217 ; 120
prlot(x,vy) ;s
b=1nv(x"'"*x) *x"'"*vy;
b2=x\vy:;
A=sum (x)
B=sum (vy)
Mx=mean (x)
My=mean (y)
SSRx=sumsgr (x—Mx)
SSRy=sumsgxr (y—Mvy)
Rx=sum (x—Mx)
Ry=sum (y—My)
Rl1l= (x—Mx)
R2=(y—My)

r
r

AR
AT
e N

ATEAT]

AT TEATY

R3=R1 "' *R2 ST (x/ — x) diyi — v)SSSS
TSI TSTTBIWhich are the normal egquations from which the following expressions
ST TTLfor the least—-sguares estimates, bo and bl, can be

OO O O O O O O s OO O O O O O O O O O O O O O O O O O O O O O O O O O O O O
LTSS 0obtainedITIITISTIISIITISSISSITSSSSSSTTETSSS

b1=R3/SSRX; ST According to least sgqguare SIS S
bO=My— (bl *Mx) ;

ST TTherefore: SIS
SIS yhat=2.9238+1 .982x33335353F5S

vhat=2.9238+1 .982*x;
ei=(y—yhat) ;

plot (x,ei) ;

plot (vhat) ;
SSy=sumsgr (y—vhat) ;
n=numel (x) ;

Rv=SSy/ (n—2) ;
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HOME PUBLISH WIEW £ (2 Search Documentation

= =5 | » G » ProgramFiles » MATLAB » R2016b » bin » -0
Current Folder ® | [A Editor - Untitled* @ x
Details ~ p268 Bamplem | examplel12.5p315.m | tabale8.8p219.m | Untitled* o | +
Workspace ® ~
Mame = Yalue 17 .

FH A 150 18

Hb 2.0615 19

Hs 314,8000 20

HH b0 29238 21

HH b1 1.9817 22

HH b2 2.0615 23

HH ei [1.0762:-1.5438:2.0362:-0.5838;-4.2038;3.1762] 24

H M 25 -

HH My 52,4667 -

[ n 6 27

HH R [-25:-15:-5:5:15:25] o

Hr2 [-48.4667:-31,2667:-7.8667:0,33323,25.5233:52.7333] o

HR3 3468

[ Rv 8.9472 =0

HH Rx 0

tH Ry 0

1 sSRx 1750

HH ssry 6.9084e+03

HH ssy 35.7886 Lot (x,ei) .

HH x [0;10;20;30;40:50] F T

== [4:21.2000:44.6000;61.8000:72;105.2000] plot(yhat);

[ yhat [2.9238;22.7438:42.5638;62.3838;82.2038;102.0238] SSy=sumsqr (y-yhat) ;

n=numel (x) :|
Rv=55v/ (n—-2) ;

fi > v
£ >

Illl‘
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According to the least square calculations in matlab we’ll have:
B1=1.9817

B0=2.9242
And 9 = 2.924 + 1.982x

According to the least square calculations in Excel(Regression data analysis) we’ll have:
And 9y = 2.886 + 1.982x

Coefficients ~ Standard Error t Stat P-value Lower 95% Upper 5% Lower 95.0% Upper 95.0%
Intercept 1885714286 2174357361 1327157319 055142006 -3.151269565 8.9226%137  -3.151269565 8.9226%137

X Variable 1 1982571429 0.07181666 2760000992 L02411E-05 1783176414 1.181%6443 1783176414 2.18190443
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Xi

10
20
30
40
50

Yi yi-hat

4 2.92
21.2 22.74
44.6 42.56
61.8 62.38

78 82.19
105.2 102.01

Sum of error
Sum of square error
n
Degree of freedom(n-2)
S
Standard error

ei(yryr-hat)
1.08
-1.54
2.04
-0.58
-4.19
3.19
0.00

eiz

1.1664
2.3716
4.1616
0.3364
17.5561
10.1761

35.7682
6
4

8.94
2.99

Regression Statistics

Multiple R 0.99738593
R Square 0.994778694
Adjusted R Square 0.993473367
Standard Error 3.004306433
Observations 6
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In the least-squares method the following assumptions concerning the
residuals are made:

Jfor each x,, the residuals e, are from a population that is normally distributed with mean zero

* 15
2 . § 1
o+ T 7T 5'0.5
10 20 % 40 50 60 &
5 3 0
be R R R R
-4 'S Bin
% To check homoscedasticity, replicate measurements are
, 120 ; Necessary J\

Jthe e, are independent ,

004
they all have the same variance o2 80 /\ J.\
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The regression procedure involves several steps:

JSelection of a model

] Establishment of the experimental design
 Estimation of the parameters of the model
1 Validation of the model

1 Computation of confidence intervals
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Validation of the model

JAnalysis of the residuals

JAnalysis of variance
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Analysis of the residuals

Useful information can also be obtained from a residuals plot where the residuals
e; are plotted against ¥; or against x; . It is recommended that such a plot is
obtained whenever one needs to validate the model. Since no tests are involved,

some experience may be necessary for the interpretation of these plots
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Examples of residual plots

indicates no abnormality: the
residuals are randomly scattered
within a horizontal band with a
number of positive residuals
which is approximately equal to
the number of negative residuals.
Moreover, a random sequence of

47 positive and negative residuals is
] obtained

3 . .

2 * *

1 * * *

0 T T T T T
q 5 10 15

14 e . .

-2 . . s o

-3 .

4 ]
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10 1,

the condition of homoscedasticity is not
fulfilled: the scatter of the residuals
increases with y. This indicates that the
precision of the measurements over the
concentration range considered is not
constant

— 7T @7 T 7T T

The U-shaped residuals plot is the
result of fitting a straight line to data
which are better represented by a curve.
There is a lack of fit with the straight
line model

T T —o—TTT——T T T T 7T T T T




Analysis of variance

O Sy o e dack of fitycwls pae asis lp wlg oo ANOVA) by Julo 5 4550

LSS sl 605 o3lasl plplo s b Conl Sy oo Ol Jow Ll aS 048 w0 B 0gud ool

Zewl 3LS 5,590

SUM Of )l sye ggorme gyome b a5 jshilan F cOflie Jldke 40 Cundy olie IS o

SSy :ii(%j — )2 395 (o0 dusle y5 abaly b gl o 00ls 20658t «(Squares total
==

(yij -j)= (yij -5+ G- 50+ Gi-9)
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y=by by x

e B — —— -

R e e ———mm=} K= ¥
=X residual
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Sr.No. Y; Y; SumY; Y-bar Y-hat

1 0 0 T 0 0 0.265

2 0.98 09 | 18 | 0% 1114

3 2.1 22 | a3 [ s 1.963

4 3.16 32 | 638 | 319 2812

5 368 3 | 14 | 37 3661

6 4.15 17 | s | anm 4,509
mean 2.345 2.385 473 2.365 387333333

n=Ym=1l v=0.26%+0.849x y=258

77
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SSr =22 (ij—y)* = (0 —2.36)° + (0.98 — 2.36)* + (0.90 — 2.36)* +
ceo+ (4.27 — 2.36)? = 20.99

SSpr = X2 (Vi — ¥:)? = (0.98 — 0.94)% + (0.9 — 0.94)% +
(2.1 — 2.15)? + (2.2 — 2.15)? + --- + (4.27 — 4.21)? = 0.018

SSrec = 2 n;(¥; — ¥)*=20.31
SS,op = 20.99 — 0.018 — 20.31 = 0.616

O'216:0.1655

MSpr = 0.018/5=0.0036

MS;oF =

F =MS o:/MSy; = 46.11 is much larger than F, ., 5 = 5.19, the
lack of fit term is highly significant and consequently the

_ 4597 straight line model is not adequate to describe the relationship
between y and x.

MS|oF

F =
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V2

Vi

1 2 3 4 5 6 7 8 9 10 12 15 20
1|161.4 | 199.5/215.7 | 224.6 | 230.2 | 234.0 | 236.8 | 238.9 | 240.5  241.9 | 243.9 | 245.9 | 248.0
2| 18.51 | 19.00(19.16 | 19.25 | 19.30 | 19.33 | 19.35 | 19.37 | 19.38 | 19.40 | 19.41 | 19.43 | 19.45
31 10.13 | 9.5529.277 | 9.117 9.013 8941 8.887 | 8.845 | 8.812 8.786 |8.745 | 8.703 | 8.660
4 | 7.709 | 6.944 | 6.591 | 6.388 | 6.256 | 6.163 | 6.094 | 6.041 | 5,999 5.964 | 5.912 | 5.858 | 5.803
5 6.608 | 5.786|5.409 | 5.192  5.050 | 4950 4.876 | 4.818 | 4.772 4.735 |4.678 | 4.619  4.558
6 | 5987 | 5.1434.757 | 4.534 4.387 | 4.284 | 4.207 | 4.147 | 4.099 4.060 | 4.000 | 3.938  3.874
7 | 5.591 | 4.737|4.347 | 4120 3.972 | 3.866 | 3.787 | 3.726 | 3.677 | 3.637 | 3.575 | 3.511 | 3.445
8 | 5.318 | 4.459/4.066 | 3.838 | 3.687 | 3.581 | 3.500 | 3.438 | 3.388 3.347 | 3.284 | 3.218 | 3.150
9| 5.117 | 4.256|3.863 | 3.633 | 3.482 | 3.374 | 3.293 | 3.230 | 3.179 | 3.137 | 3.073 | 3.006 | 2.936

10| 4965 | 4.1033.708 | 3.478 3.326 | 3.217 | 3.135 | 3.072 | 3.020 2978 | 2913 |2.845  2.774
11 | 4.844 | 3.982/3.587 | 3.357 | 3.204 | 3.095 | 3.012 | 2948 | 2.896 2.854 | 2.788 | 2.719 | 2.646
12| 4.747 | 3.885|3.490 | 3.259 | 3.106 | 2.996 | 2913 | 2.849 | 2.796 | 2.753 | 2.687 | 2.617 | 2.544
13| 4.667 | 3.8063.411 | 3.179  3.025 | 2915 | 2.832 | 2.767 | 2.714 | 2.671 | 2.604 | 2.533 | 2.459
14 | 4.600 | 3.739/3.344 | 3.112 2958 | 2.848 | 2.764 | 2.699 | 2.646 2.602 | 2.534 | 2.463 | 2.388
15| 4.543 | 3.6823.287 | 3.056 | 2.901 | 2.790 | 2.707 | 2.641 | 2.588 2.544 | 2.475 | 2.403 | 2.328
16| 4.494 | 3.634|3.239 | 3.007 | 2.852 | 2.741 | 2.657 | 2.591 | 2.538 | 2.494 | 2.425 | 2.352 | 2.276
17 | 4.451 | 3.592(3.197 | 2.965 | 2.810 | 2.699 | 2.614 | 2.548 | 2.494 | 2.450 | 2.381 | 2.308 | 2.230
18 | 4.414 | 3.555/3.160 | 2.928 | 2.773 | 2.661 | 2.577 | 2.510 | 2.456 2.412 | 2.342 | 2.269 | 2.1
19 | 4.381 | 3.5223.127 | 2.895 | 2.740 | 2.628 | 2.544 | 2.477 | 2.423  2.378 | 2.308 | 2.234 | 2.155
20 | 4.351 | 3.493 3.098 | 2.866 | 2.711 | 2.599 | 2.514 | 2.447 | 2.393 2.348 | 2.278 | 2.203 | 2.124

vy = number of degrees of freedom of the numerator; v, = number of degrees of freedom of the denominator.
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The End

Thank you for your attention
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