INTERNATIONAL
STANDARD 8

SO
196-2

First edition
2000-06-15

Milk — Definition and evaluatton of the
overall accuracy of indirect methods|of milk
analysis —

Part 2:

Calibration and quality control in the|dairy
laboratory

Lait — Définition et évaluation de la précision globale de méthddes
indirectes d'analyse du lait —

Partie 2: Etalonnage et contrdle de la qualité dans les laboratoifes laitiers
I —— Reference number
= R— ISO 8196-2:2000(E)

ISO

©1S0 2000


https://standardsiso.com/api/?name=063c06bac55df7fe4f3a3212d628eb96

1ISO 8196-2:2000(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2000

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © I1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=063c06bac55df7fe4f3a3212d628eb96

ISO 8196-2:2000(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that commlttee International organlzatlons governmental and non-governmental, in

liaison wi

Commission (IEC) on aII matters of eIectrotechnlcaI standardlzatlon

Internatiophal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3

Draft Inte

Publication as an International Standard requires approval by at least 75 % of the memberbodies casti

Attention

rights. ISQ shall not be held responsible for identifying any or all such patent rights:

Internatiopal Standard ISO 8196-2 was prepared by Technical Committe€ ISO/TC 34, Agricultural fo

Subcommn

AOAC Intgrnational, and will also be published by these organizations
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Introduction

The main purpose of this part of ISO 8196 is to give practical details and recommendations for the calibration of
instruments and quality control in routine dairy laboratories.

While 1ISO 8196-1 is mainly intended for experts to assess new indirect instrumental methods of analysis, this part

i i + laberator th thad
gives gwdar eetorroutnetaboratories HSHgtRESEeMEetheas:
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Milk — Definition and evaluation of the overall accuracy of indirect
methods of milk analysis —

Part 2:
Calibration and quality control in the dairy laboratory

1 Sco

This part
control pr

2 Nor

The following normative document contains provisions which, through-reference in this text, constitute
this part ¢f ISO 8196. For dated references, subsequent amendments to, or revisions of, this publig
apply. Hopvever, parties to agreement based on this part of |IS©-8196 are encouraged to investigate t
of applying the most recent edition of the normative document indicated below. For undated referenct

edition of
Internatio

ISO 8196{1:2000, Milk — Definition and evaluation of the overall accuracy of indirect methods of milK
Part 1: Arjalytical attributes of indirect methods:

3 Terms and definitions

For the purposes of this part of ISO 8196, the terms and definitions given in ISO 8196-1 apply, toge

following.

3.1

standard
experime
either by

3.2

De
bf 1ISO 8196 gives recommendations and an example for the calibration ofsinstruments, and f

bcedure in dairy laboratories.

mative reference

the normative document referred to applies. Members of ISO and IEC maintain registers of ¢
hal Standards.

zation of abxinstrument
xtal evaluation of the exactness of the calibration of an instrument by reference to the true
reference method or by standard materials or a standard instrument.

br the quality

provisions of
ation do not
e possibility
ps, the latest
Lirrently valid

analysis —

her with the

values given

calibration of an instrument
adjustment of the signal from an instrument so that, at each level of the component, the mean of individual test
results given by the instrument approximates closely to the true value of the component concentration

4 Cali

41 Ge

bration of instruments

neral principles

This clause considers only the general principles of calibration which apply to any indirect method of milk analysis.
Detailed and specific instructions for the calibration procedure, as well as for the preliminary checks concerning
each group of methods, will be given in specific standards.
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Even if the term “calibration” is often used for both the standardization and calibration of instruments (see clause 3),

it is recomm

ended to use these words with their proper meanings.

4.2 General procedure

4.2.1 Preli

Preliminary c

minary checks

hecks include the following.

a) Instrument checks: all functional checks and adjustment (zero setting) of the instrument specified by the
standarg-orthe-manufa er should be carried oL iorto the i

b) Linearit and the
comporient concentration is linear within the specified range of concentration. Checking.'the lingarity is a
measur cessary to
check erviced or
replacegl.

c) Repeatability and accuracy checks: the repeatability and accuracy of the instrument should comply with the
standargl specifications.

4.2.2 Stangdardization of the instrument

4.2.2.1 Test samples

42211 Milk samples

Raw milk samples collected especially for that purpose 0f];when available, standard materials (milk samples or

non-milk sulpstitutes) may be used to standardize the instrument. In this part of ISO 8196, only standardization with

raw milk samples analysed by the instrument and a reference method are considered.

In order to optain the most accurate estimate of-the calibration line, two major requirements should be fulf|lled:

— the milklsamples should cover the whole range of concentration of the component, and

— the resiglual standard deviation frem the regression should be a minimum.

Generally thjs can be best obtaified by pooling individual milk samples selected at different levels of concentration

with a maximum of samples.ehiosen for values close to the extremities of the range.

Sometimes, [for testing offat, the addition of cream to skimmed milk is suitable.

4.2.2.1.2 Numberof samples

A minimum of_8sets of pnnlnrl individual milk Qamlnlpc or at least 40 individual milk Qamlnlpc are rpquirpd

At least duplicate tests should be performed by reference and instrumental methods in order to reduce repeatability

errors.

42213

Nature of samples

Collect samples which are representative of the milk produced in the area under test. Discard colostrum and severe
mastitic milk. When possible, these samples should be tested at the same age, preserved with the same chemical
at the same concentration, and have undergone the same treatment as the samples which are normally analysed.
This will ensure that the instrument calibration takes care of the small variations due to the travelling, preservation
and storage conditions of the samples. However, before treating the samples in the form of sub-samples by the
appropriate means, analyse them while fresh using the reference method.

© ISO 2000 — All rig
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4.2.2.2 Statistical analysis

ISO 8196-2:2000(E)

Calculate the regression equation y; =bX; +a from analysis data, using the least-squares method, where vy,

refers to the reference method, and x; to the instrument. See 1ISO 8196-1.

Calculate the residual standard deviation from the regression (sy ).

This value should be within the limits of the specification given by the standard for the accuracy. Then carry out the

following steps.

a) Test if the slope differs statistically from 1,000 by calculating the standard deviation of b:

1

S :[sxyyz/ D (x - 7)2]E

The glope is correct if it is in accordance with one of the following equations:
B—t1 o2 S5 <1,000<b+1tp0 S

or

thhs = [b—1|/sh < ti_g2

wherg t is the value of the Student distribution (see 1SO 8196+t and ISO 3534-1). It shows both| the random

variable (t) and a particular or observed value of this variable (tops).

b) Test the null hypothesis that the regression line goes_through the centre of gravity of the sample gopulation by

calcujating the standard deviation of y(X) = bX + a

Py(x) = Syx/

where g is the number of samples.

The mean adjustment is correct. if carried out in accordance with one of the following equations:

Y(X) — g2 - Sy(z) SESY(R) +tgr2 - Syx)
qgr
[i - y(i)] St g2 Sy(x) < 0< (i - 7(?)) thogr2- Sy(x)

or

tobs = [)_( - y(i)]/sy(x) Stigr2

with q — 2 degrees of freedom and « = 0,05.

c) Adjustment of the calibration will be necessary if the slope and/or the mean bias of the regression are found to

be different from 1,000 and zero, respectively.

The second test (b) is equivalent to testing the mean of differences d; = x; — y;, or mean bias d versus zero

when the slope is not statistically different from 1,000, since

y(X)=yandd=X-y=X-¥(X)

© 1SO 2000 — All rights reserved
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In that case the adjustment at the average level is correct if carried out in accordance with the following
equation:

d—t 42 Sq /\/a<0<a+t1—a/2°5d /\/a

with g —

d)

1 degrees of freedom and « = 0,05.

differs from 1,000, because sy increases in parallel with the bias of the slope to 1,000.

If both
accordi

a-
or

ton

with s

4.2.3 Calil

By using th
observed caj

||1\g to one of the following equations:

tigr2-Sas<0<a+ty,0-S,a

5 = |a|/3a Stigr2

1
=Syx (]/q + YZ/SOSX) 2
ration of the instrument

b appropriate control systems of the instrument, adjist the calibration slope and signal s
ibration line fits the theoretical line. As some instruments allow only adjustment of the slope

that the interfcept is always zero), while with others a correction of both slope and intercept (backing off) ig

no general r
the specific

In all cases,
in slope and
the instrume

4.3 Freqy

Under routin
necessary o
is likely to og

after re
filters);

Lile can be laid down. For a correct setting of.the calibration, follow the manufacturer's instru
standard.

after the final adjustment has been.made, check using milk samples that the calibration is cq

intercept, i.e. at low and high levels! It is important to ensure that the mean values obtained
Nt and the reference method orthe standard materials are not statistically different.

ency of calibration cantrol
e conditions of use, the standardization of the instrument and its possible calibration readjus
cur under the-following conditions:

bair or seryicing of the major components of the instrument (i.e. cell, servo, homogeniz

Testing the bias implies application of the test in a second step: indeed it may not be significant if the slope

from zero

b that the
assuming
possible,
ctions and

rrect both
with both

tment are

hly when the relationship between the instrument readings and the reference may have changed. This

br, optical

when th

e properties or the composition of milk influencing the component measurement have chan

ped under

various

biological conditions.

Assuming that the composition and the properties of milk remain unchanged within 1 week or 2 week periods, it is
not necessary to standardize the instrument too frequently (for example every day). This procedure is costly and if
carried out with too few samples or with samples not obtained specifically for that purpose, it might introduce further
errors which would reflect inadequacy through a poor standardization procedure rather than real variation of the
instrument calibration.

With the advent of microprocessors, it is anticipated that adjustment of the calibration will be performed
automatically with a high degree of precision.

© ISO 2000 — All rig
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4.4 Centralized calibration

When it has been clearly demonstrated that a single calibration of the instrument can be used to analyse samples
from various origins without a loss in accuracy, a centralized system of calibration is recommended. This can be
done by a reference laboratory which will standardize and calibrate a reference or master instrument according to
the specified method. Then, by means of suitable standard materials, the calibration of the reference instrument

may be transferred to identical instruments in other laboratories.

5 Quality control in a routine dairy laboratory

NOTE Fhis—ctatse—deats-with—attclrecksthat-shoutd-be pC|fu||||cd Iuy atrottie u'aily tabort atul_y toenstre-the quallty of its
analytical results. These recommendations can be considered as good laboratory practice.
5.1 Velification of repeatability
The first gnd most frequent check which has to be carried out is on the repeatability, because it is the simplest test
indicating|whether or not the instrument is working properly.
Check that, for repeatability conditions, the standard deviation of repeatability for-the instrument is in| accordance
with the specification given by the standard.
Select a set of gsamples (q=20) in good physico-chemical condition_and covering a wide compogition range.
Analyse them consecutively twice in random order so as to take interaccount the carry-over effect| Record the
absolute dlifference between duplicate results (w;) and calculate thesstandard deviation of repeatability s, using the
equation:
q 2
1
Sy = 2— Wi2
iz
If a small¢r number of samples is used, repeat the determination at least three times and calculate s using a one-
way analysis of variance. The variance of error.(s:2), or within-sample variance, is an unbiased estimatpr of ;2.
Action should be taken if s is larger than the specified value.
5.2 Daily check on short-term stability of the instrument
5.2.1 Objective
This chedk is typical for{any automatic instrumental method. Instability of the instrument signal maly arise from
several offigins, for example electric drift, temperature variation, milk soil deposit on cell walls, etc.
Check, by analysingregularly one or more control milk samples, that the results remain within accepted tolerances,
assuming| that \ne changes in the major physico-chemical characteristics of the control milk occur during the
checking period. This test is useful not only for checking the instrument stability during a working day ut also from
day to day hetween two standardizations of the instrument against the reference methad
5.2.2 Procedure
5221 Select one milk sample of average composition or, preferably, two milk samples of low and high

content using commercial pasteurized milk in which the range of fat, protein and lactose has been extended by the
addition of skim milk powder, cream, etc.

Prepare carefully, under constant agitation, as many test portions as required for one or more working days. Store
them with a suitable preservative at 4 °C. Good quality pasteurized milk, preserved for instance with Bronopol, can

be stored safely for 2 weeks. With instruments having an homogenizer, homogenized milk can be used only if the
homogenization efficiency is checked separately.

Analyse control samples on a regular basis every 40 to 60 samples.

© 1SO 2000 — All rights reserved
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5.2.2.2 To monitor the quality of the whole analytical procedure, including of course the instrument stability, set
up a control chart according to the following principles.

a) Determine carefully the average reference content (mg) of the control milk and the day-to-day or within-day
standard deviation of reproducibility (og) of the method. If unknown, og may be roughly estimated as twice the

value of

the standard deviation of repeatability.

b) The control chart (see Figure 1) will represent:

1) a straight line in the centre corresponding to the reference value my;

2) al
cor

formula:

wh

3) al
sta

wh
sta

NO

c) Ploton
the sam

Action S

1) the
bel

bwer and an upper ‘confidence belt” which correspond to the 1 — « probability of the
fidence limits of the cumulative mean m of the control milk results; these limits are obtained

M+ Upg/2 - or/YN
bre

u is a particular value of the standardized normal random variable U (see ISO 81
ISO 3534-1); its value depends on the probability level (1 — a)-and the degrees of freed

n is the number of control samples analysed;
a is the probability of rejecting the null hypothesis (m=Ry) although it is correct, which wou
unnecessary adjustment, a 0,01 probability level*can be used; in that case the value u;_

bwer and an upper “individual line” which -carrespond to the (1 — «) probability of the
istical tolerance interval of individual tests; these limits are obtained from

mg £ k(n, pl-a) OR

bre k is a coefficient determined, for n number of samples and the probability level 1 — g
istical interval contains at least\a proportion p of the population.

W= For an infinite value‘ef n, with 1 — ¢ = 0,99 and p = 99 %, the value of k = 2,58.

the control chart each’individual result of the control sample and the arithmetic mean (m) of
ples which havebeen analysed.

hould be takén when:

arithmetic mean (m) is, for two consecutive samples, outside the same (upper or lower) d

two-sided
using the

96-1 and
bm;

Id indicate

the need to readjust the instrument when this, is not necessary; to avoid too frequent and

b = 2,58;

two-sided

that the

results of

onfidence

de

iations of the individual results outside the corresponding individual line;

, Mndicating that the instrument is drifting; this deviation should normally be in the same direcllion as the

2) individual results fall frequently near or outside the individual lines, indicating a poor repeatability of the
instrument or poor quality of the milk sample.

In each case, stop and check the instrument functions and, if necessary, readjust the calibration. The use of a
microcomputer and automatic data capture system is very helpful, but in that case an automatic correction of
results is strongly prohibited, in order to avoid giving “correct” results when the instrument is not working

properly.

After readjustment of the instrument, make a new control chart.

© 1SO 2000 — All rights reserved
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a
jus )
©
>
N
T Upper individual line, +2,58sp
5
g
=
Upper confidence belt, +2,585R/\/n_
Reference
value
Lol L L L1 L Sample number
U D R R B i’ time order
Lower confidence belt, —2,58sR/\/n_
Lower individual line, -2,58s4
Key

ngdividual results
—_— affithmetic mean of results

NOTE 1 | Confidence belts relate to the arithmetic mean(of the cumulative mean results (ii )

NOTE 2 Individual lines relate to the individual.resuits.

NOTE 3 | Limits contain 99 % of the population with a 99 % probability.

Figure 1 —=Control chart model for instrumental method of analysis
5.3 Vetification of bias-between laboratories

5.3.1 Gegneral

Checking|differenees between laboratories, regardless of their values as compared to the true value, |s part of the
laboratory performance checks. It is done through interlaboratory trials in which participating laboratori¢s are asked
to analysg a’/set of milk samples with the same (or sometimes different) type of method of analysis. Besides
repeatability errors, differences between laboratories originate from the theoretical reproducibility of the method and
mainly from differences in calibration. The calibration setting of instruments can be done by means of reference
milk samples or by comparison with a reference method, each laboratory using its own set of milk samples. In the
latter case, checking laboratory performance through an interlaboratory study may not be very meaningful if the
origin of milk samples has a significant influence on the calibration of the instruments.

5.3.2 Procedure
Check laboratory bias in accordance with the method described in ISO 8196-1.

When the instrumental method is almost unaffected by the origin of milk samples, best results will be obtained by
using reference milk samples for calibration.

© I1SO 2000 — All rights reserved 7
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5.4 Verification of the difference between reference and instrumental results

5.4.1 Objective
This is to determine the largest difference which may be accepted between results obtained by a reference method

and an instrumental method for a single sample or for a population of milk samples. It corresponds to the statistical
tolerance limits of the method and includes both random (precision) and systematic (accuracy of the mean) errors.

5.4.2 Procedure

Three sources—of-error may-arise-to nvpl:\m differences between reference and-instrumental results.—and for each

kind of error| corresponding confidence intervals can be calculated as follows.

a) Precisipn error

If n replications are performed by one laboratory, the two-sided confidence interval for.the mean X is within
the limits

_ 2 1) o2
Xi ttl—a/Z{sR _(1_H)Sr }

b) Accuraty error

According to the definition of accuracy, the confidence interval of the difference, d;, between % and the
referenge value y; is within the limits

d it tl—a/Z ' Sy,x

c) Calibration error
The errpr corresponding to the confidencCejinterval of the slope (b + t1_,2 - &) may be considgred to be

negligibje. The bias coming from the unfitted calibration line is much more important. This bias may be
constant (intercept incorrect) or variable'(slope incorrect) with the level of the measured component.

5.4.3 Interpretation of results

5.4.3.1 S|ngle samples

Assuming that the instryment is correctly calibrated, the variance of the overall error is the sum of both the
precision and the acguracy errors, then the confidence limits deduced from the mean results of n detefminations
are:

1
Z

r 1
- 2 1 2 2
Xj itlfa/Z{SR —Ll—EJSr +Sy’X J

where t = 1,96 for « = 0,05 with 2 degrees of freedom.

If a result falls outside these limits, the error may stem from incorrect calibration and/or abnormal milk composition.

5.4.3.2 Population of milk samples
Checking the average difference between instrumental results and reference values is part of a laboratory

performance check and is often considered as one of the most important checks. It corresponds to checking the
accuracy of the mean of the instrument.

8 © 1SO 2000 — All rights reserved
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This can be done through a procedure similar to that used for checking the calibration, the precision error now
being considered as negligible.

Let d stand for the mean of the differences d, between the reference and the instrument results obtained with q

samples.

a) Test the null hypothesis that the population mean d = 0, by using one of the following equations:

it

q

The |

b) Calcy

s sh
If d

unde
error

If sy

6 Exa

6.1 Cal

Ten milk §
Data and

r

1
S (a4 -d)? |2
ovs = A1/ | Sorq =g
q(a-1)
ypothesis is accepted if tgps < 14

late the standard deviation, sy, by using the following equation:

buld be less than the value for oy given by-the standard for the kind of milk under test.

s different from zero (hypothesis rejected), check and readjust the calibration. If the calib
the responsibility of the operatortand if d is different from zero, the method is tainted with

oyx, the slope is incorregt or‘abnormal milk samples are present.

mples

culation-of Statistical values

amples-were analysed in duplicate with an indirect method and a reference method for fat dg
computation are given in Table 1.

ration is not
A systematic

ptermination.
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Table 1
Indirect method Arithmetic Range Reference Difference
g/l mean o/l
Sample No. Mean of duplicate
lst test 2nd test X; W, Vi d =% -9,
1 25,9 26,1 26,0 0,2 27,5 -1,5
2 28,0 28,6 28,3 0,6 28,6 -0,3
3 285 285 285 0 292 0,7
4 31,3 31,5 31,4 0,2 32,2 - 0,8
5 33,4 33,6 33,5 0,2 33,5 0
6 35,7 36,1 35,9 0,4 36,0 - 0,1
7 36,6 36,5 36,6 0,1 36,0 0,6
8 40,1 40,0 40,0 0,1 38,2 +1,8
9 40,4 41,0 40,7 0,6 40,2 0,5
10 42,8 42,8 42,8 0 41,1 1,7

For simplicity, a limited number of samples (less than really required).istused in this example.

a) Calculations from the observed values listed in Table 1:

% =343,70 D Vi =3425 q=10 Ydi q+1.2

Y %% F12114,05 Y yi? =11942,43 > %V =12023,13 3 di? 10,22

X = 34,87 y =34,25 =11771,725 d=+0[12

- =11 812,969 =11 730,625 =0,144

53 20" 30"

b) Calculafion of sum.af squares (SOS) by the following equations:

s0S, + (% -x)° =¥ %2 - (ZX) = 301081

10 © 1SO 2000 — All rights reserved
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c)

d)

e)

f)

)

h)

Calculation of sum of products (SOP) of the deviation by the equation:

SOP,y = (% - X) (% - V) = X %% - (X% ) (X.¥i)/a = 251405
Calculation of the slope by the equation:
b = SOPy,/SOS, = 251,405/301,081 = 0,835

Calculation of the intercept by the model:

a__ e 24 25 0926 2427 B ED
_y =

ISO 8196-2:2000(E)

Calculation of the response mean to X by the model:
V(X)) bx + a=y =34,25
Calcylation of the residual standard deviation by the equation:

1

N |

sy,x—l 1 (sos SOPX,yZISOSX)

(a-2)

Calcylation of the standard deviation of the differences by one of the following equations:

1

N

1
Sq = m(sos y +S0S, - ZSOPx,y):l
or

1
sq =[SOSq/(a- ]z =(10,076/9)2 <(1,058

6.2 Detfermination of repeatability

The simpljfied equation given in(ISO 8196-1:2000, 6.2.3 is used:

1

1
S = ZW|] :(—Oxloz) = 0,226

Thereforel thedrepeatability limit of the determination is equal to

= {%[211 805 - (251,405)° 1301, 081}} ? =0,485

= [%(211 805+ 301,081 2 x 251, 405)} ? —1058

r=2,883x6;226=0;64u/t:

6.3 Verification of the exactness of the calibration

The observed regression line is obtained by the equation:

yi =bx +a

Thus

a)

¥, = 0,835%; +5,55

Compare the slope with the theoretical value of 1,000.

© 1SO 2000 — All rights reserved
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The standard deviation of b is given by the equation:

N

1
sp = (syx” /S0S )2 = (0,2349/301,081) 2 = 0,0279
For a = 0,05 and 8 degrees of freedom, the t value is 2,306. Thus, the true value of the slope is within

b+ 2,306 s,

Thus the interval of the slope is

0,711 < b < 0,899
and, acg¢ording to 4.2.2.2,
tons|= 5,91, i.e. greater than t (= 2,306).

This mgans that the slope differs from the theoretical value of 1,000 and, therefere, the instrument galibration
should be changed accordingly.

b) Verify whether the regression line goes through the theoretical mean point 60the sample population.

The stapdard deviation is given by the equation:
Syeh = Syx/+/d = 0,485/4/10 = 0,153

Using the same t value as above, the mean of reference values is within the limits
Y(X) +2,306 555

Thus the interval of the mean is
33,P0 < ¥(X) < 34,60

and the|mean value X = 34,37 belongs to this interval.

Since y[X) =¥, the mean bias)is within the limits

(X1V)+2,306 S50

Thus the intervalof the mean bias is

-0,p3< d < 0,47

which includes the theoretical zero value and, according to 4.2.2.2,
tops = 0,78, i.e. less than t (= 2,306).

This means that the mean of the instrumental values does not differ significantly from the mean of the
reference values and the mean of differences does not differ significantly from zero.

c) Verify that the regression line goes through the origin.

The standard deviation of ais given by the equation:
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