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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 committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The concept of “threshold” has wide use in sensory analysis and is often used in the literature on
sensory studies of food and drink. Data on sensory thresholds to stimuli are used in sensory studies in
two main ways: as measures of the sensitivity of assessors or groups of assessors to specific stimuli;
and as measures of the ability of substances to evoke sensory responses in assessors. In the first, the
value of the threshold is taken as a description of an assessor’s performance; in the latter, as a measure
of a property of the substance.

The term “threshold” was introduced by 19th century psychophysicists and used to denote a stimulus
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a) Traditional notion of threshold b) Probabilistic nature of thrieshold
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Figure I =—Traditional notion and probabilistic nature of threshold

However, in practice‘the graph of the probability of detection) against the intensity of th¢ stimulus is
ys an ogivé fsee Figure 1 b)], and it is convenient to assume, for purposes of calculatjon, that the
threshold fluctuates so that a particular stimulus concentration exceeds it on some occasjions but not
on ofherssThe threshold can then be obtained as an estimate of the median of these momentary values,
i.e. as the.stimulus c d defined in

‘ acology and

toxicology, which are concerned with the effect of chemicals on organisms

Where detection thresholds of a particular substance in air or water have been measured in more
than one laboratory, the reported values often span two or three orders of magnitude or morel6][10]
[14], This range is greater than can be expected from experimental errors alone or from differences
in the processing of data; but it probably can be accounted for by difference in concepts of thresholds
between laboratories, and differences in experimental procedure. Reference [6] suggests a procedure
for standardizing detection thresholds in air.

1) This document is based on the use of the 3-AFC method of presenting the stimuli, and the probability of
detection, pg, is modelled as pgq = 1,5 x pc = 0,5, where p. is the probability of a correct selection. This is strictly a
“guessing model” of the assessor’s behaviour. It is not a psychometric model of the assessor’s decision process, such
as a signal-detection model, which could also be applied, see Reference [13].

© ISO 2018 - All rights reserved v
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The user needs to be aware that the determination of detection thresholds requires more experimental
effort than is at first apparent from this description. Experimental results demonstrate that on repeated
testing, the observed individual thresholds tend to decrease, and the difference between individuals
likewise tends to decrease. Threshold testing is often an unfamiliar activity, and assessors will improve
their sensitivity as they become accustomed to the substance and the mechanics of the test. The 3-AFC
procedure requires that assessors can recognize the stimulus. Training programmes require effort but
will in turn yield needed information about each assessor’s range of partial detection. Results improve
as the experimenter learns to tailor the concentrations presented to each assessor’s range, see 6.3.

vi © ISO 2018 - All rights reserved
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Sensory analysis — Methodology — General guidance for
measuring odour, flavour and taste detection thresholds by
a three-alternative forced-choice (3-AFC) procedure

1 Scope

This[document gives guidelines for

— o¢btaining data on the detection of stimuli that evoke responses to odour, flavout and taste by a
3-AFC (three-alternative forced-choice) procedure, and

— the processing of the data to estimate the value of a threshold and its”error boundp, and other
gtatistics related to the detection of the stimulus.

Typic¢ally, the procedures will be used in one of the following two modes:

— Ivestigation of the sensitivity of assessors to specific stimuld;
— investigation of the ability of a chemical substance to stimulate the chemoreceptive senses.
(AltHough experiments can encompass both modes.)

Examples of the first mode include studies of the differences among individuals or specified|populations
of individuals in sensitivities and of the effects*of age, gender, physiological condition, disease,
administration of drugs and ambient conditions'on sensitivity. Examples of the latter mode include

— gtudies in flavour chemistry and the impact of specified chemicals on the flavour of foqds,
— (¢lassification of chemicals for their\impact on humans, if present in the environment,
— gtudies on the relationship offmolecular structure to capacity of a chemical to act as a §timulant,
— quality assurance of gas€ous effluents and of water, foods and beverages, and
— gtudies in the mechanism of olfaction.

In bdth modes, the way’in which probability of a correct response changes with intensity of $timulus, i.e.
the slope of the dose/response curve, could be an important aspect of the study as well as the threshold
valug¢, and the-data processing procedures described here provide this information.

The focustefithis document is on data requirements and on computational procedures. R¢garding the

validity of'the data, the text is restricted to general rules and precautions. It does not differentiate
bet ' i ; h difference

threshold because a test sample is compared with a reference sample. Typically, the reference
sample is not intended to contain the stimulus under investigation, but the guidelines do not exclude
experimental design in which the reference could contain the stimulus, or it might not be known if the
reference contains the stimulus. The guidelines do not measure a recognition threshold as defined in
ISO 5492. They do not address the standardization of methods of determining air quality as discussed
in EN 13725.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

© ISO 2018 - All rights reserved 1
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ISO 5492, Sensory analysis — Vocabulary

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 5492 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

3.1
stimulus

substance that may or may not cause a sensation, detectable by one or more of the senses,dependi

the amount

3.2
medium
material usg

3.3
reference s
quantity of {

3.4
test sample
quantity of

3.5

3-AFC test
three-alter
test of discri

present

d to dissolve, dilute, disperse or sorb a stimulus (3.1) whose threshiold is to be measury

ample

he medium (3.2) containing no added stimulus (3.1)

he medium (3.2) to which a stimulus (3.1) has been added at a known concentration

native forced-choice test
mination in which the assessor is presented with three samples, one of which is a test sq

(3.4) contaiping a nominated stimulus (3.1) familiar to the assessor, the other two being references

where the a

Note 1 to ent
what attribut
recognition t
they select th

3.6
presentatig
set of three

3.7
threshold n

ssessor is instructed to indicate‘the test sample

ry: The standard 3-AFC test-is a specified discrimination method. Assessors are instructed
e to use to make their decision. In threshold testing, the attribute of interest may well be belo
hresholds of the assesser, so in threshold tests the assessors conduct an unspecified 3-AFC, in
e one sample thatis\different from the other two, without reference to a specific attribute.

n
samples-forming a 3-AFC test (3.5)

nodel

1g on

bd

mple
, and

as to
w the
vhich

model of sensory detection where a stimulus (3.1) presented on a particular trial is either detected
(resulting in a correct response) or is not detected (resulting in a response being made at random)

3.8
signal-dete

ction model

model of sensory detection where a stimulus (3.1) presented on a particular trial provides some level of
evidence of its presence

Note 1 to entry: The evidence contributes to a decision by the assessor about the presence or absence of the

stimulus.
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3.9

detection threshold

lowest intensity of a sensory stimulus (3.1) that has a probability of detection of 0,5 under the conditions
of the test, as calculated from the threshold model (3.7)

3.10

individual threshold

detection threshold (3.9) of a single assessor

3.11

average threshold

average (VVhClC the t_yyc 1S oycpificd, e g—at tthmetie hreat; sCUlllCtl te—meatrot ulcd;au) f individual
thregdholds (3.10)

3.12

group threshold from pooled data

estimate obtained by using the sum of outcomes for a particular group of assessotrsat each cancentration
of the stimulus (3.1) as input when fitting the statistical model

4 Principles

4.1 | Experimental procedures

The $timulus is formulated in the medium at a specified .concentration and is presented glong with a
pair jof reference samples to the assessor. The assessor selects one of the samples as coptaining the
stimplus or having the stimulus at a greater concéfitration. The assessor should make(a selection.
Typically, the stimulus is dissolved in air or water. {t is unlikely that a gas other than air will be used as
a gadeous medium in tests with human assessorsy but solvents other than water, solutionq in water or
othef solvents, or solids, e.g. foods, can be used*as liquid or solid medium to dilute the stizrulus as the
experiment dictates. It is essential that the fiedium be homogeneous so that the members ¢f the pair of
referjences are identical, and the same in@ll presentations.

The [stimulus is presented at several concentrations. The presentations are replicated, at each
concentration, enough times tolachieve a desired precision of the threshold and pafameters of
the mathematical model. Thé nature of the replications within assessors, across asgessors, and
combinations of the two are'set by the experimental design of the study.

4.2 | Data processing

The putcome of @/presentation is a binary result; the sample nominated by the assessor is the test
sample (a correctselection) or is one of the references (an incorrect selection). The statistical model is
that the number of correct selections at a particular concentration comes from a binomial distribution.
For the-3*AFC test, the threshold is the concentration of the stimulus at which the proporti¢n of correct
seledti i i ili ion = ormula (1)].

The data, as proportions of correct selections, can simply be inspected and interpolated to derive
this point, but a more accurate estimate of the threshold, and its bounds, can be obtained by fitting a
mathematical model to the data. A logistic model is used in these guidelines, and the model is fitted by
a maximum likelihood procedure, or alternatively, by a least squares procedure. The fitting estimates
the two parameters of the model, one a location parameter, the other a shape parameter. The former
locates the fitted curve on the stimulus continuum, the latter determines the steepness of the curve.
The fitted curve allows estimates of proportions of detection other than 50 % to be derived.

The simplest model to fit is one in which the distribution of proportion of correct selections comes from
a single, approximately normal, distribution. This would typically be the case where the data come from
replications within a single assessor. A single logistic function can then be adequately fitted, that is, one
with a single pair of values for the parameters of the curve. It is not uncommon for the sensitivities to
chemicals to be not normally distributed, or even symmetrically distributed, among assessors. For some

© ISO 2018 - All rights reserved
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stimuli the distributions are distinctly bimodal, but deviations from a normal distribution are difficult
to demonstrate unless measurements are made with a large sample of assessors, typically more than
100. A single logistic function will not be an adequate fit to data that come from a distribution which
deviates significantly from a single, normal distribution, but the mathematical model can be extended

to accommo

date these cases.

5 Experimental procedures

5.1 Preparation of samples

511 GelJeral precautions

See [SO 665

B. Ascertain that stimulus and medium are stable over the duration of the study and are{non-

toxic and non-allergenic. Ascertain that they are representative of the purpose of the study; e.g. exhaust

gases may V|
remove off-1
quantity of
exception of
that confori
taste. Make
means avail
when not in

5.1.2 Gas

Collect or prepare stimulus and medium in vessels such\as polytetrafluoroethylene (PTFE) cq

bottles or b
and associa
the same re
when prese
points of su

5.1.3

For stimuli
obtained an
prepare the
off-odours.

product inst
non-aqueou
as the subst
higher the d
wall. As far

Liquiids

pn to
eous

ary with the process generating them, and chemical substances may require purificati
lavours or irritants from the molecule to be studied. Prepare a large ertqugh homoger
both stimulus and medium to ensure that assessors receive identical presentations|with
the concentration of stimulus and its position in the set. Prepare-the samples in a fafility
hs to [ISO 8589. Use containers that do not adsorb the test substance or contribute odojur or
certain that the presence or absence of the stimulus cannottbe detected visually or by any
hble to an assessor other than the chemical senses. Store samples away from light and| heat
use.

ES

ated
essel
. For
used
from

lloons. If the stimulus is an inodorous gas;centaining an odorous impurity, flush the v
ed tubing and valves several times with a*fresh sample in order to saturate the wallg
hson, and to avoid volume changes, maintain a constant temperature near that to be
ting the gases to the assessors. Use smoothbore PTFE-coated tubing and valves free
lden pressure change.

to be presented in an aqueous medium, make certain that complete dissolution cgn be
d maintained for the-duration of the experiment. For partially hydrophobic substajnces,
first dilution stage'in ethanol or ethylene glycol purified with activated carbon to remove
Note that distilled water and absolute alcohol often contain strong odours; use food grade
ead and purifywith activated carbon if required. Present fully hydrophobic substancep in a

t the
essel

ance may ‘dissolve in the polymer. When preparing sequential dilutions, be aware th
ilution, the larger the proportion of the stimulus that may be lost by adsorption to the

solution, an

5.1.4 Soli

ds

The medium of interest is typically a food such as cheese, fish or meat. Unless a technique exists
whereby the solid can be dissolved and reconstituted, finely divide or comminute it before adding the
stimulus in a suitable solvent, then mix well and allow time for the chemical to diffuse within the matrix
before preparing the samples for presentation to the assessors.

5.2 Selection of concentrations of the stimulus

Present a series of 3-AFC presentations of which each concentration is greater than the preceding one
by approximately a factor denoted by X. Be guided by the acceptable size of the error of the threshold
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estimate: typically choose X = 3-5 for approximate studies and X = 2 for higher precision. For each
assessor, choose a strategy of experimentation that will result in defining the ogive of the logistic model
at points distributed over his or her range of partial detection. The most effective data points are those
corresponding to 45 % to 90 % correct selection in the test, i.e. pq = 0,18 to 0,85.

For economy of sample and assessor’s time, begin by locating the concentration range of interest for
each assessor using a large factor X. Observe that these initial tests also serve to demonstrate the
mechanics of the test and to teach the assessors how to recognize the stimulus when it is above their
range of partial detection.

Proceed with the definitive set of 3-AFC presentations at concentrations tailored to each assessor using

a lov
adm]
the 11
unco|
of 3 ¢

5.3

5.3.1

Pres
prac
a prd
the i

qutUl X. If Ull LUlllP}Ct;Ull it ;D fuuud that thc datq dU llUt adcquatcl_y dcﬁuc dll doSoU]
nister additional concentration levels until this is the case. Regularly ask an assessox
ature of the detected stimulus to guard against lapses of memory for it. Interfogati
ver an unintended sequence of correct replies caused by chance and not by detection;
hance hits will occur once in 27 tests.

Presentation of samples

Preparation

ent samples with assessors seated in booths (see ISO 8589)dnd observe the rules of g
ice as described in ISO 6658. Code samples with three-digit random numbers, or plac
arranged pattern, e.g. side-by-side in front of the asséssor with the first sample on t}
lentical pattern on the response sheet. To avoid positional bias, balance the three comni

sor’s ogive,
to describe
bn may also
e.g. a series

pod sensory
e samples in
e left, using
binations of

orders of presentation, AAB, ABA, BAA, across the agséssors. Instruct assessors to mininyize sensory
fatighe by ingesting a minimum quantity of any sample that exhibits above-threshold cqncentration
and by allowing sufficient time for sensory recovery between samples.

5.3.2 Gases

Present samples using an olfactometersuch as those described in References [8] and [12].

5.3.3 Liquids

b containers
e chemicals

Pres
that

ent non-volatile chemicals dissolved in purified water or in a flavourless solvent. Us
do not absorb the chemical, e.g. 100 ml glass beakers one quarter full. Present volati

in stpppered, wide mouthed containers suitable for sniffing or sipping, or in flexible closed containers,
e.g. 450 ml squeeze-hottles suitable for delivering a measured volume of headspace or liquid into the
nostrils or mouth[#IZ][11], If the medium is a beverage, use the type of container that is cystomary for
senspry evaluation of the product.

5.3.4 Solids

If the-nredivm-is-afoodpresentthesamplesinthe formthatiscustomaryforsensory-evaliation of the
product.

5.4 Training of assessors

For most purposes, the threshold of interest is that of an informed observer, trained by repeated
exposure to detect the substance in question whenever its presence is perceivable, e.g. as a pollutant
in air or water, or as a component or taint of the flavour of a food or beverage. Familiarity with the
substance is also a requirement in the 3-AFC test. Inadequate training may artificially extend the
observed range of thresholds upwards by 1 to 2 orders of magnitude. If the threshold sought is that of
a casual observer, e.g. for a warning agent in household gas, untrained assessors and mild distraction
(e.g. noise) may be used and the triangle test or paired comparison substituted for the 3-AFC test.
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A training programme can be by presentation of the stimulus monadically at high concentrations,
then at two or more concentrations with the assessor requiring to rank them, then as 3-AFCs while
locating the assessor’s range of partial detection. Observe that initial thresholds decrease with practice
and should tend to stabilize after 3 to 5 tests and that individual assessors may differ in their basic
sensitivity to the substance in question by a factor of two or three orders of magnitude, or more.

5.5 Selection of assessors

5.5.1 General

Select asses

covrc tn mmnnt tha ol
o-Heettrie-0

#150-8586.

5.5.2 Ind
The test may

determined
The test ma

5.5.3 Dist

The experiry]

vidual threshold

ribution of thresholds

ottt

activac oftha inunctigating,
ectves HvesSHgat

TOTHTOT

ToreTIITe

follovwrinatha anidalinac oivan 1
1OV TS5t SStvert

F be made, e.g. to compare an individual’s threshold with a literature value, with'a previpusly
value under different circumstances, or with his or her thresholds forother substances.
7 be made to diagnose anosmia or hyperosmia, or ageusia or hypergeusia.

henter may wish to know the distribution of thresholds within a population. The group

tested might itself be a sample drawn from a larger population, or itimay be all members of a sel¢cted

population,
document,
under study

5.5.4 Me{

The value of
the trials af
The experin
For examplg
carried out
flavouring d
population.

The number
are matterq
be necessai
presentatiol

5.6 Desig

surement of thresholds of stimuli

n of the experiment

e.g. members of a testing panel. Selection of populations is outside the scope of this
ut the experimenter should carefully define the population, or the sample of the population,
For the presentation of the results, see 6.7.

a group or average threshold for a stimulus is valid only for the panel of assessors used in
id the experimenter should be cautigus in extrapolating the results outside of this ganel.
henter should select the panel to.ndeet the objectives and purposes of the measurements.
, a study of the relative organoleptic properties of members of a set of chemicals could be
using a small panel of selected assessors, whereas a study of the properties of potgntial
ompounds in foods might-require a larger panel which is representative of a partifular

of assessors and thesnumber of presentations to achieve a required precision of estimates
to be considered-together. When small numbers of assessors are being used, it will
y to replicatel presentations over assessors to generate sufficient data, whereas single
1s at each, 0¥ perhaps just some, concentrations to each assessor might be adequate for
large panels.

5.6.1 Individual threshold

The most effective range of concentrations for estimating the parameters of the logistic is between
45 % and 90 % correct selections. Within this range, the main determinant of precision of the estimates
is the total number of presentations assuming they are roughly balanced around the threshold. Table 1
shows factors for approximate error bounds relative to the estimate of the threshold, in original
concentration units. See also Annex A.

for a desired precision of an estimate of the threshold

Table 1 — Guide for determining the number of presentations required

Total number of presentations 40 60 80 100 120 160 200
Error bound relative to threshold 2,5 2,2 2,0 1,8 1,7 1,6 1,5
6 © ISO 2018 - All rights reserved
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The bounds are obtained by both dividing and multiplying the estimate of the threshold by the
factors in Table 1; e.g. if the threshold obtained with 80 presentations was 2,4 ppm (2,4 ml/m3), the
bounds would be 1,2 ppm to 4,8 ppm. Precision increases only slowly above 200 presentations and
the improvement is probably not worth the extra effort. A sequential strategy is effective. After a few
replicate presentations at each concentration, fit the logistic and calculate the threshold and error
bounds. Carry out more replicates at concentrations within the most effective range determined from
the fitted logistic, and repeat until the desired precision is obtained.

5.6.2 Distribution of thresholds

Replicate the measurements in 5.6.1 over the selected assessors. Display the results in a histogram or
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umulative frequency graph. Report the average threshold as the arithmetic mean, geo
bdian, or if the distribution appears to be bimodal or multimodal, attempt to resolve.th
s. For data processing see Clause 6.

Measurement of the threshold of a stimulus for a group of assessors

.1 General

oosing an experimental design, observe that variation in sensitivity between assesg
several fold greater than within an assessor. It follows that{practical applicability of t
al value for the group is likely to be greater if replicatidbn)is aimed at enlarging th
sors included in the test, rather than at increasing the number of presentations per as

.2 Group threshold from pooled data

metric mean
e number of

ors is likely
he resulting
e number of
5eSSOor.

er than separately fitting a logistic model totthe data of each assessor, fit only a si
] to the pooled data, using all of the data\at each given concentration as inputs int
rve that the larger number of data obtained by pooling allows a better fit to be obtg
ed-group threshold, which is the detection threshold defined in 3.9. See the examples i

ssifying chemicals according to(their importance as pollutants or sensory taints.

.3 Average threshold

cate the measurements.in 5.6.1 over the selected assessors. Display the results in a h
n in Figure 2, or in-a-cumulative frequency graph. Use this technique when differen
iduals form a patt,of the objective of the study, e.g. in studying the impact of a flavour
tant or a sensory taint on a particular population.

bure 2, the ipper two histograms show the same 443 assessors. The bottom histogr
hssessers,’hence the vertical scale is doubled for comparability. Dilution step “0” rej
ated ‘solution for each odorant and hence the highest threshold (from Reference [3]).

hgle logistic

the model.
ined for the
n B.2 to B.4.

his technique when differences between individuals are not a part of the experimental design, e.g.

istogram as
res between
ompound, a

hm has only
bresents the
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Figure 2 — Olfactory threshold distributions in the population
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6 Data processing

6.1

Mathematical and statistical models

In a 3-AFC task, the probability of a randomly-selected response being correct is 1/3, or approximately
0,33, as only one of three available choices is correct. According to the threshold model, the probability
of a correct response, pg, is therefore related to the probability of detection, pq, by Formula (1):

1
Pc=DPq +=

2
1-py)==
( Pd) 3Pd+3

3

e8]

beca
the 1
with
conc

The
is thq

Whe
of se
0giv{
asyn
chenf

The
mord
Fornm

with
data
size

the o

6.2

6.2.1

Re

1se on a proportion, pq, of trials the stimulus is detected and a correct response is @iy
emaining proportion, 1 - pq, the assessors cannot detect the stimulus and must-gues
a 1/3 probability of giving a correct answer. Because the threshold is defined as t
entration for which pgq = 0,5, it follows that it is the value for which p¢ = 0,67,

quantity p. is observed data, whereas pq is an inference from the threshold model. Of i
b inverse calculation shown by Formula (2):

p)d :1'5pC —0,5

h the proportion of correct choices, pc, in a series of differeénce tests repeated several t
veral stimulus concentrations, is plotted against the coneentrations, the points approj
. If pc is converted to pq by Formula (2), the graph of gy forms another ogive (see Fig}
iptotes at 0 and 1 for sufficiently low and high stimulus concentrations. In the case of s
icals, intensity is usually expressed as the logarithm of concentration or dilution.

ogive relating p. to concentration can be gniodelled by the cumulative normal dist
conveniently, by the cumulative logistic distribution, whose formula can be written

ula (3):
2
3

1
+_
3

14eb(t)
the stimulus concentration denoted by x while the values of the coefficients t and b de
When x = t, pq = 0,5, so t is the threshold value of the stimulus. The parameter b det]
bf change in x required to produce any particular change in pc and so determines the
give.

Preliminary inspection of data

Preparation

ren while on
s at random
he stimulus

nterest here

(2)

mes at each
kimate to an
ire 1b) with
ensitivity to

ribution or,
hs shown by

(3

pend on the
ermines the
steepness of

Mak

d preliminary inspection of the data, numerically or by a graph or proportion of corre

tresponses,

D¢, against loge concentration. Note whether the results appear to conform to an ogive and whether the
concentrations tested lie both above and below the estimated threshold, as they should for the estimate
to be accurate. Obtain more data if this is not the case. Estimate the threshold visually and decide if this
is accurate enough for the purpose for which it is required. If this is not the case, proceed to fit a model
by hand calculator using the logit transformation described in 6.2.2, or use the maximum likelihood
procedure described in 6.3 and in more detail in the examples in B.2 to B.4.
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6.2.2 Preliminary estimation of threshold and slope using the logit transformation

The logit is the equivalent of the familiar probit except that the latter is based on the cumulative normal

distribution. Transform pq to its logit form using Formula (4):
p
Ly =log,| —1 @)
1-pq4
and combine Formula (4) with Formula (2) to express Lq in terms of p., as shown by Formula (5):
(, 1)
Fc 3
L4 =log|, (5)
1-p,
Substituting Formula (3) into Formula (5) gives the expression shown by Formula (6):

Lq =b(t]-x) (6)
Observe thdt Lq increases linearly with stimulus intensity if p. conformswell to a logistic ogive. At
this point, decide whether to complete the calculations using transformed ‘or untransformed datal The
untransformed graph of p. versus loge x is almost linear in its middle tange, and for the purpose of
locating the|threshold, which is the point where p. = 2/3, the transférmation provides little advanptage

over an ogiv

On the trans
a straight li
values near
have large ¢
-1,75 or ab(
region, see ¢
of Formula

of the straig

6.3 Maxil
estimating

6.3.1 Gen

The principl
the paramet
Proprietary
use of the c(
finds, for ex

e fitted by eye or a straight line fitted numerically to the middle range of p. data.

formed scale, the threshold is the loge concentratiomat which Lg = 0. Estimate its value
he fitted visually or by fitting a linear regression line numerically. Note that transfo
the asymptotes can be erratic because smallichanges in the proportions in these re
ffects. Hence, ignore values of p. below 0,43 or above 0,9 (transformed values of Lq b
ve 1,75) when fitting the line to the plot, unless the interest of the experiment is ir
b.5. Note also that the transformed graph permits a direct interpretation of the param
3) as this is the stimulus intensity{iwloge concentration) at which Lq = 0 while b is the
ht line.

mum likelihood procedure for fitting the data to a logistic model and
error bounds

eral

e of the ML precedure for fitting the logistic model in Formula (3) is to find those valy
ers t and-b\for which the data are more likely than for any other values of the parame
programs?) can be used to facilitate ML estimates or, perhaps more conveniently, by ma
mputer spreadsheet procedure described in the examples in B.2 to B.4. The ML proce
himple, the upper bound as a value of t such that there is a probability of 0,05 of the esti

from
‘med
rions
elow

this
pters
slope

es of
ters.
king
dure
mate
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belng great(,x CIr AT e ST IOV CVET, T HIraily STeaactorS e TT

g of o 1ia o o cionlinata lagict
corrg OTa e ar TCETCSSTOTT It TtOTOgTST

transformed data, as presented in B.2.4, is an adequate alternative approach to ML.

6.3.2 The

parameter, b

cally

The parameter b is the slope of the fitted equation. It determines the steepness of the fitted line. A
positive value of b means that the probability of detection increases as the concentration of the stimulus
increases. A negative value of b means that there is an inverse relationship between the probability
of detection and the stimulus intensity — for example, if stimulus intensity is measured in units of
dilution, one would expect negative values of b (higher dilution = weaker intensity = lower probability
of detection). For an individual assessor, it indicates fineness of discrimination for changes in stimulus

2) GLIMIL] and SAS are examples of suitable products available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of these products.
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intensity and is related to indices like the Weber ratio or the exponent in Stevens’ power law. Individuals
differ in b as they do in threshold and its value or distribution in the population may be of equal interest.
Someone with a high value of b (a steep slope) is sensitive to small changes in intensity and might be
particularly effective in tasks involving quality control or monitoring. Knowledge of an individual’s b
could be as important as of threshold when selecting assessors.

6.3.3 Confidence intervals for estimated parameters

The confidence interval for an estimate can be thought of as a range of values within which the true
value might plausibly lie. The narrower the interval, the more confident the estimate can be. The
accuracy of the estimates can be improved by increasing the total amount of data and by choosing
concentrations evenly spaced over a range of 0,25 x up to 4 x the threshold concentratiom;

6.4 | Interpretation of results

Thre

on ej
bear
in th

The
fitte
com

Data
for a
repri
subs
and ]
the s
estin

Dist
resu
isev
forb

sholds may be determined for a variety of purposes, and this document déésnot provi
rperimental design for particular purposes. When interpreting resultsiand comparing
in mind how the data have been collected and analysed, and the degree of confidence
b derived statistics.

Fesults that are simplest to interpret and compare are those ebtained for a single a
logistic model is the psychophysical function for the assessor and the derived stati
ared between assessors or between substances within asséssors.

from different assessors or from different substancés.éan be compared by extensions

single logistic function. Other designs may involve®eplication of presentations over se
psenting different population groups. Comparisonbetween substances or between pane
fance can be accomplished by standard ANOVA'techniques using as the input data the e

hme number of presentations. If the datahave been pooled as in 5.6.3.2, the resulting p
1ates can be used to describe differences between substances or between panels.

ibutions of thresholds over assessors may deviate widely from normality. Begin by ex
tsin a histogram (see Figure.2) or in a normal or logistic probability plot. If skewness o
dent, calculate the appropriate average threshold, e.g. medians for skewed data, multi
- or multimodal data.

Alth

inw

de guidance
thresholds,
to be placed

ssessor. The
stics can be

bf the model
eral panels,
Is for a given
stimates of t

p for the individual assessors providing thatall the estimates were obtained in the samle way, using

boled tand b

amining the
r bimodality
pble averages

ugh the group threshold from pooled data and its error bounds can be estimated us
hich each assesser evaluates just one presentation at one concentration, data from s

ing a design
ch a design

are highly variable’and this approach is not recommended. Instead, a design in which ejgch assessor
evalyates at leastomne presentation at each concentration should be used, see the examplé¢ in B.1. The
experimenterean then calculate the mean thresholds as well as the group threshold from pooled data,
and ¢xaminethe distribution of thresholds. Note that the individual thresholds estimated|from such a
design wilP’be very imprecise while a pooled group threshold can have better precision. for example,
a degigh,incorporating 2 trials from each of 50 assessors at 5 intensities will provide 500] data points
for estt i i i i individual threshold.

The group threshold from pooled data, and its error bounds, can be estimated from data derived
from a design in which each assessor evaluates just one presentation at one concentration, but
more often the design will require the assessor to make at least one trial at each concentration.
Populations usually exhibit wide ranges of individual thresholds for a substance. For an individual, a
100-fold range of concentrations will typically span a range of pq from 0,05 to 0,95, but the individual
thresholds for different assessors can often span a 10 000-fold range of concentrations. A 100-fold
range of concentrations presented to a group of assessors will mean that for some assessors, perhaps
a substantial number, the entire test range will be near one of the asymptotes of that individual’s
psychophysical function. Results near the asymptotes make little contribution to estimating ¢ and
b, hence in the case of pooled data, individuals with high or low sensitivities will have low weight in
estimating the parameters. If this is undesirable, pooling should not be used, or individuals of interest
should be deliberately emphasized by asymmetrical weighting.
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The data-fitting process assumes that the distribution of thresholds conforms to the logistic model, and
any deviation from this distribution will show as a lack of fit of the data to the computed line. Lack of fit
can be tested for using statistical procedures for goodness of fit, but it is unlikely that deviations from
a single logistic model will be detected other than in experimental designs incorporating more than
about 10 concentrations over more than a 500-fold range, and a total of a few hundred presentations
over the range. If a test for goodness of fit reveals a significant lack of fit, models other than a single
logistic function can be considered. The simplest will be the addition of a second logistic function with
a different value for the t parameter, and possibly for the b parameter as well, for a proportion of the

assessors. T

6.5 Selec

his will adequately model skewed and bimodal distributions.

A regulator
occasions, 0
be detected
the logistic
respectively
are to be de

Ir a flavourist may wish to determine the concentration of flavour added to a fodd tha

ing adetection rate target (pd) otherthan 0.5
may wish to set a limit for a malodorous substance in air that will be detected-on.5

on 95 % of occasions that the food is tasted. These effect levels can be galeulated
curve by finding the stimulus intensities corresponding to Lq values 0f*+2,94 and
, with the required value of Lg being found from Formula (4) or (5). Ifhigh or low v
termined, the investigator should ensure that there is an adequate’amount of data i

from

% of
will

2,94,

hlues
h the

region of interest so that the relevant intensities lie within the range for which data are obtalined.
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n beyond the range studied cannot safely be relied on.

jation of the best estimate threshold (BET)

it procedure (see Reference [2] and the example in.B:1) can be described as a risky
ethod of obtaining a rough estimate of a panel threshold. It is based on the threshold m
e 3-AFC test, there is a probability of 1/3 of making a correct selection at concentr

time as only one presentation per concentr@dtion is made to each assessor. Consequen
er of assessors can be included.

e data in ascending order of concentration (or in descending order of dilution, as il
spect the data for a complete runof Successes as the concentration increases. Calculat]
eometric mean of the highest contentration missed, and the next higher concentratior

the case of assessor 1 the BETs +135%x45=78.

hm cannot be used whenthere is a complete run of correct selections or when there
lection at the highest ¢doncentration, assessors 6 and 4 in the example. The recomme
5 to continue testing/at appropriate extended concentrations, but otherwise the follo
can be adopted.1f the selection at the highest concentration is incorrect, assume it w
F the next higher'concentration in the sequence and calculate the BET accordingly. If th
un of correetselections, assume the next lower concentration would be incorrect.

e BET-for the group as the geometric mean of the individual BETs. A convenient measy
h bétween the assessors is the standard deviation of the log1g values, as in the example

and
odel,

afions
reshold, and a probability of 1,0 at concentrations above it. The procedure is econontlical

tly, a

h the
e the
1. For

is an
nded
wing
rould
bre is

re of
BET

results may

bé biased because the probability of a correct guess is 1/3 and that of two or three co

frect

guesses in succession are 1/9 and 1/27. The procedure is risky because with only one presentation
per assessor an above-threshold sample may be missed through confusion or inexperience with the
stimulus or the mechanics of the test. The standard deviation of the log1g values may be underestimated
if the BET falls near the extremes of the range of concentrations presented and if too few extended
concentrations are tested.

6.7 Presentation of results
In reports of threshold tests, the following information should be included.

a) All test conditions, such as the nature and source of the samples, the method of sampling, choice
of medium (diluent), equipment and physical test set-up under which samples were presented to
assessors.
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Concentrations or flowrates used, temperature and other conditions of the samples.
Instructions and scoresheets given to the assessors.

Dilution factor per step.

Number of replications of the presentations per assessor.

Composition of the panel with regard to age, gender and experience; additional information may be
useful, e.g. familiarity with the stimulus evaluated, health, smoking, use of dentures, time since last
meal. No assessor should be identified by name nor should the report allow a reader familiar with
the panel to refer a particular judgement to a particular panel member.

If the size of the data set is not very large, report the results as tables of numbers of ‘pTesentations
gnd of correct selections at the concentrations used, as in Table B.1. Report the estimated values of
thresholds, as individual or group thresholds, and their error bounds.

If the distribution of thresholds in a population has been sought, reportrthe individua|l thresholds
4nd, as appropriate, derived statistics such as mean and variance, and measures of departure from
3 normal distribution.

If pooling has been resorted to, report the group threshold from pooled data and its[bounds and
3lso the slope b and its bounds. Note in the report that poolifig of the (smaller) variange within an
3ssessor with the (larger) variance between assessors may.affect the calculation of thg bounds.

© ISO 2018 - All rights reserved 13
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Annex A
(informative)

Estimated number of assessors required for a given degree of
precision

The threshg

because of the variability of human response to stimuli. Table A.1 shows examples from practiceof the
precision (xptandard deviation) that can be expected in typical situations.
Table A.1 — Precision typically obtainable, as a function of panel size and number, n, of]
presentations
] f b £ Examples of
No. Group tested Purpose Examples of number o precision
3-AFC tests presented
observed
A physician wishes to know 1 presentation ateach of
1 One person if the person is anosmic 8 concentrations +200 % to 5001 %
to substance X H=18
6 presentdations at each of
6.concentrations 0 D,
In a bottler of flavoured %50 % to 100 P4
water one wishes to know n=36
2 One person hi o -
is/her sensitivity to 10 presentations at each of
substance X 8 concentrations +20 % to 50 9%
n=80
1 presentation at each of
6 concentrations +100 % to 300|%
An experimenter wishes to n =48
3 A panel of 8 compare the sensitivity of -
fwo panels 6 presentations at each of
8 concentrations +20 % to 50 %%
n =384
1 presentation at each of
6 concentrations +50 % to 200 Ph
A city engineer wishes to n=192
4 4 panels of know the threshold level of .
B sefected to  |substance X as a contaminant| © presentations at each of
fepresent 6 concentrations +20 % to 50 46
sections of a n=1152
population
The engineer wishes to Ashal;love plus repeat tes;s
determine the level of X | With the most sensitive 25 % . .
> undetectable by 95 % of the of the 4 x 8 persons +40 % to 100 %
population n = approx. 1 800

The relation between precision and number of 3-AFC tests is independent of the type of threshold
sought, e.g. a maker of orange soda wishing to make certain that a particular ingredient can be detected
by 95 % of the population would also need approximately 1 800 test presentations. The number
required is highly dependent on the variability within the population; however, a population composed
of widely different groups, e.g. many young and many old persons, would require much larger numbers

for a given precision.

14
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Annex B
(informative)

Examples

B.1 Shortcut procedure using BET — Odour threshold of a sample of chimney gas

B.1.1 General
The |example illustrates the BET shortcut procedure of obtaining an approximate valpie near the
threghold. The simplest form of the procedure is shown: a small number of assessors (nin¢) tested the
six chosen concentrations only once, and no tests at extended concentrationswas made fpr assessors
4 and 6. The correct procedure would have been to test, e.g. assessor 6 at-dilutions of 3-, 9{ and 27-fold
higher, etc. until failure occurred and was confirmed. Improvement of-the very poor prefision could
havelbeen obtained by replicating the complete procedure.
B.1.2 Experimental
Six different concentrations of the chimney gas in odour:free air were prepared. Each qf these was
pres¢nted in conjunction with two samples of odour-free’air. Concentrations were increasef by a factor
of thiree per concentration step. Nine randomly select€d assessors from the population participated.
Each|proceeded from the lower to the higher concentrations, indicating at each step which|sample was
different from the other two. The results are presented in Table B.1.
Table B.1 — Odour threshold of chimney gas
Dilution ratio Best estimate
Asslessors (concéntrations increase =) threshgld (BET)
3 645 1215 405 135 45 15 Value Logio of
value
1 0 + + 0 + + 78 1,89
2 + 0 + + + + 701 2,85
3 0 + 0 0 + + 78 1,89
4 0 0 0 0 + 0 9 0,94
5 ¥ 0 0 + + + 234 2,37
6 + + + + + + 6313 3,80
7 0 + + 0 + + 78 1,89
] + 0 0 + + + 234 2,37
9 + 0 + + + + 701 2,85
Sum of log1gs Zlogio 20,85
Average BET threshold = geometric mean 2,32
Standard deviation of the log1g values 209 0,81
“0” indicates that the assessor selected the wrong sample of the set of three;
“+” indicates that the assessor selected the correct sample.

B.1.3 Calculations

See Reference [2]. BETs for each assessor were found as the geometric mean of the highest concentration
missed and the next higher concentration. Assessor 4 was assumed to have been correct at the next
lower dilution ratio of 1 to 5, and assessor 6 was assumed to have failed at the next higher dilution
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ratio of 1 to 10 935. The sum of the logarithms of the resulting BET values was found at 20,85 yielding
an average of 2,32, the antilogarithm of which is the average threshold, a dilution ratio of 1 to 209. The
standard deviation of the logg values, a measure of the dispersion of thresholds, was calculated from
the right-hand column. The value 0,81, indicates a large difference between assessors, but it is noted
that the real value may be even larger as the range was curtailed by the experimenter’s failure to test
assessors 4 and 6 at extended concentrations.

B.2 Thre

shold from pooled data — Fitting of the ogive by the maximum

likelihood procedure versus a least-squares procedure — Threshold of diesel
taint in trout

B.2.1 Gen

The exampl
finding thre
assessment
procedure i

B.2.2 Expjerimental

A sample of]
Trout were

and assesse
the formula
for fitting th

Table B.2

eral

b illustrates the principle of the maximum likelihood procedure and presents.a meth
shold parameters and bounds using a spreadsheet, applied to a large data-set of 18 3

5 applied to the same data.

diesel oil was tested for its potential to taint trout exposed'to water containing the
exposed to the diesel oil at several concentrations and after’ 24 h exposure were harv{

e used in spreadsheet format, and Table B.3 shows the.experimental data and the work
e logistic model.

— Formulae used in the spreadsheet for@éstimating the parameters of the logist
and the error bounds of the éstimate of the threshold

Column Formula

B @LN(A3)
E +D3/C3
F (2/3)/(@EXP(G$18*(F$18-$B3))+1)+1/3
G +$D3*@LN(F3)+($C3-$D3)*@LN(1-F3)
H (2/3)/(@EXP(1$18*(H$18-$B3))+1)+1/3
I
J
K

+$D3*@LN(H3)+($C3-$D3)*@LN(1-H3)
(2/3)/(@EXP(K$18*(J$18-$B3))+1)+1/3
+$D3*@LN(J3)+($C3-$D3)*@LN(1-]3)

pd of
-AFC

at 9 unequally spaced concentrations, see B.2.3. For comparison, in B.2.4 a least-squares

hill5].
bsted

[l against unexposed controls by a panel of 18 experienged assessors. Table B.2 summajrizes

theet

ic,
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Table B.3 — Example of the worksheet for fitting data to the logistic, and for calculating the
error bounds of the estimate of the threshold using a spreadsheet program

A B c | D E F | G H | 1 ] | K
1 Optimum model Lower bound Upper bound
c In(C) n r Pobs Pest Likelihood Pest Likelihood Pest Likelihood
ml/m3
3 0,010 -4,61 18 5 0,278 0,366 -10,951 0,414 -11,361 0,349 -10,844
4 0,028 -3,56 18 9 0,500 0,446 -12,583 0,538 -12,528 0,394 -12,892
5 0,032 -3,44 18 4 0,222 0,462 -11,762 0,558 -13,759 0,404 -10,865
6 U,060 =Z,8T T8 | 1T | 0,611 0,568 =TZ,097 U,67T =TZ,I70 U,478 -12,672
7 0,095 -2,35 18 14 0,778 0,667 -10,072 0,755 -9,561 0,561 -11,382
8 0,285 -1,26 18 16 0,889 0,872 -6,304 0,903 -6,298 0,798 -6,812
9 0,324 -1,13 18 17 0,944 0,888 -4,206 0,914 -3,982 0,821 -5,067
10 0,673 -0,396 18 16 0,889 0,952 -6,865 0,959 -7,060 0,920 -6,389
11 0,992 |-0,00803| 18 17 0,944 0,970 -4,031 0,973 -4,075 0,951 -3,869
12 -78,872 -80,792 -80,793
13
14 Déviance 3,841 3,841
15
16
17 In(¢) b X b X b
18 -2,3489 1,311 -2,8354 1,117 -1,867 1,357
19 P
20 Concentration units | 0,095 44 0,058 70 0,154 5
21
22 Revised estimate of bound -2,8354 -1,867
B.2.3 Results and calculations by maximum likelihood
The [principle of the maximum,‘likelihood procedure for estimating the parameters of the model
is to|find the values of the(parameters that produce the maximum value of the likelihdod function

[Formula (B.1)]. Spreadslieet programs often contain functions which will find maxima or minima of
functions and can conveniently be used to fit the logistic model to 3-AFC data. Apart from the fact that
spreadsheets are wid€ly available on personal computers in laboratories and more so than statistical
packpges, there are'some advantages in using spreadsheets rather than the statistical pgckages. The
mechanics of the-process are easy to understand for anyone familiar with the basic opgrations of a
spre i
or cd
thred
or sd )
packages or spec1f1c programs is that the workmgs of the f1tt1ng procedure are more transparent to the
operator and this can be an advantage when fitting less than ideal sets of data.

The commands for finding maxima or minima of functions are named differently in different
spreadsheets and the example here uses the Optimizer function of the QuattroPro3) package. The
equivalent in both Excel3) and Lotus 1-2-33) are Solver.

In Table B.3, columns A to D contain the experimental data. A has the concentration of diesel oil in the
water (C) in ml/m3, and column B the logarithms, in this case natural logarithms (although logarithms
to other bases can be used) of the concentrations [In(C)]. The stimulus intensities do not need to be

3) Thespreadsheets mentioned are examples of suitable products available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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in an equally-spaced geometrical series, or any other particular spacing. It is convenient, though not
necessary, to sort them by concentration.

Columns C and D contain respectively the numbers of presentations (n) at each concentration and the
corresponding numbers of correct selections (r). It is not a requirement that the numbers of assessors
be the same at each concentration as here. Column E records the proportion of correct selections (Pgpbs)
though these values do not figure in the subsequent calculations.

Columns F and G contain the calculations for fitting the logistic model in Formula (3). The logistic is
defined by the parameters b and t and for given values of the parameters, the expected proportion
of correct assessments can be calculated. The likelihood is the probability of obtaining the observed

proportion
data sets is
the logarith
probability

i=N
2 r;In
i=1

where Nist
number cor
Row 12 con
calculations
obtain thel

The data ar¢
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is very roby
distributed
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thatis the c
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function is |
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Start the ite
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the product of the probabilities at each concentration. It is more convenient to work

s given by the expression shown by Formula (B.1):

P

est

1-P,

)i+(ni_ri)1n( est

)

he number of data sets (or concentrations) and n, r, and Pest are the number of presentat

tains sums of the likelihoods, i.e. the logarithmic likelihoed<of the joint probabilities
performed in columns F and G are repeated in the pairs’of«columns H and I and ] and
wer and upper limits on the values of b and ¢, respectively.

eterinto cells F18 and G18 referenced in the formula in column F of Table B.2. The proce
st to preliminary estimates well away from-the optimum for sets of data approxim|
around the threshold, and the preliminary~estimates do not need to be close to the
preliminary estimate of the threshold-ean be set at approximately the mid-point g
icentrations, and the slope parameter at 1 when natural logarithms are used in colu
logarithms to the base 10 are used!. The optimizer or equivalent function is called, us
Is or equivalent menu. The function will need to be given the addresses of the variable
blls that contain the values tg be varied for maximization of the likelihood function, iy
8 and G18, and the address of the solution cell, that is the cell that contains the value
in this case G12.

et to maximize theVvalue in the solution cell. It is not necessary to set any constrair
he function will ave criteria for stopping the iteration based on the maximum numH
d the minimdm change in the variables, and the operator may wish to reset these frof
s. For sprgadsheets that offer multiple solving methods, the operator should choos

| the
with

n of the likelihoods, for which the joint likelihood is the sum of the log likelihoods, anld log

(B.1)

ions,

rect and estimated proportion respectively. The likelihood (5" calculated in column G.

The
K, to

 entered, in this example, in rows 3 to 11. Enter preliminary estimates of the threshold and

dure
ately
final
f the
mn B
ually
cells,
| this
to be

h allows for variousieptions, some of which will be set at default values. Check thaft the

ts in
er of
n the
e the
poth,

vith a

statement that the iteration was stopped because the solution was converging too slowly. Cells F18 and
G18 will now contain the required estimates of the parameters of the logistic.

In the prese

nt case, In(t) = - 2,35, t = 0,095 ml/m3, and b = 1,31.

These parameters define the logistic model which has the property of being the model with the
maximum likelihood; this is referred to as the optimum model. Any other values of either parameter

18 © ISO 2018 - All rights reserved
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will give a model with a smaller likelihood. The difference in likelihoods between models is expressed
as the deviance defined as:

Deviance = - 2(l1 - I3)

where 1 and I are the log likelihoods for models 1 and 2. In this case, /1 and I are the optimum and
alternative models respectively. The significance of the difference between models is determined
by testing the deviance as x 2 with the appropriate degrees of freedom. This relationship is used for
finding the error bounds of the estimate of the threshold. The objective is to find a model with a value of
t which gives a deviance equal to x 2 with one degree of freedom at the selected confidence level. This is

a dex

rdance value of 3 841 for one dpgrpp of freedom and a confidence nfp =005

The

column designators have been made absolute. Cell [14 has the formula + 2*($G12 - 112)for t

of th

Thel
the b
the iy
be ad
of th
a firs
Thes
the c

formulae in F3 and G3 can be copied into the corresponding columns in H to K if the

e fitted model for the lower bound and the optimum model. Copy the formula into cell

pounds are obtained by an iterative process. It is necessary to start with‘apreliminary
ound. The size of the bounds is determined by several characteristics of'the set of daf]
host important is the total number of observations in the data set.fable B.4 lists the si

e total number of observations in the data set. In the example here, with a total of 162 o
t estimate of the lower and upper bounds would be -2,35+%0,49 = 2,84 and -2,35 +
e values are entered in cells H18 and ]J18. The optimizing function is then run again, b
ell containing the b value, cell 118 or K18 as the variable.

Table B.4 — Step to be added to the estimated-threshold to give preliminary est
of the error boundsof the threshold

appropriate
he deviance
K14.

estimate of
a, but by far
ze of step to

|ded, algebraically, to the estimated threshold to give a first estimate of a bound for vajrious values

bservations,
0,56 = 1,79.
ut with only

mates

Tota

no. of observations 40 60 80 100 120 160 200

> 200

Step

for lower bound -1,02 -0,81 -0,76 -0,61 -0,58 -0,49 -0,41

-0,40

Step

for upper bound 1,39 1,05 0,84 0,78 0,69 0,56 0,49

0,45

Cells
closd
than
relat
by si
arey
into

until
itera

The
logis

[12 or K12 containing the sums, are the solution cells. If the value of the deviance is no
to the target value, 3,84, a.xevised estimate of the bound is calculated. With data f§
50 or so observations distributed around the threshold, the deviance is approximal
ed to the square root of\the step away from the threshold, and a revised estimate can
mple proportionalitys.Cell H22 contains the formulae @SQRT(3,841/114)*(H18-$F18)+
ised estimate of the-bound, and is copied into cell J22. The revised estimate is ent

the deviancé/ebtained is sufficiently close to the desired value. In the example of Tab
fions were efiough.

pperator can use the graphing facilities of the spreadsheet to plot the observed data a
tic, Figure B.1. The logistic can be plotted using the values in column F of Table B.3, buf

curv

p is‘obtained by constructing a vector of more closely, and evenly, spaced values of the

t adequately
ets of more
tely linearly
be obtained
$F18 to give

eredl, as a value,
H18 or J18 (orgust edit the value there), and the optimizer is run again. The iteration is repeated

e B.3, three

hd the fitted
a smoother
ogarithm of

the concentration with the aid of the “fill” spreadsheet function and calculating the probabilities from
the formula of column G of Table B.3 and the estimated parameters.
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Figure B.1 — Group threshold from pooled data — Trout tainted by diesel oil

Difficulties |n fitting the parameters, and particularly in finding the error bounds, will be experignced
for ill-condifioned data sets. These will be small data sets or data sets which do not span the threghold,
or in which yalues deviate markedly from a smooth monotonic increase in proportion of detections{with
increase in intensity of the stimulus, The optimizing function might fail to converge and might exitfwith
a warning of some sort. It will u§ually be found that the program has exited with a bizarre valug of b,
very high, very low or even negative. (Where the numeric value of the experimental variable incr¢ases
with increage in intensity, e.gZ¢oncentration of the stimulus, and the model requires that the probability
of detection increases with/increase in intensity, then b must be positive. When examining water or
gases for off flavours ofyeff odours, it is common practice to dilute the sample and relate the propoftion
of detectionfs to degree of dilution. In this case, the numeric value of the test variable increases|with
decreasing Intensity of stimulus and b will be negative.) The best option for the experimenter in ¢ases
of difficultylin f1tt1ng the loglstlc or f1nd1ng bounds is to obtam more data but otherw1se the operator
can repeat the ) img¢tion.
The constraints could be a Value of b greater than O ora low value, and less than 2 in the case of column
B of Table B.3 expressed as natural logarithms, or 1 in the case of logarithms to the base 10. These
upper constraints correspond to slopes such that the probabilities of detection in the range 0,05 to 0,95
are obtained over a 20-fold range of intensity of stimulus. If this fails to give a solution, the operator can
fix a value of b and fit only the threshold. This restricted fitting can be repeated over a range of values
of b and the maximum likelihood function noted. An examination of the variation of the maximum
likelihood with b will give an indication of whether or not an optimum solution exists.

The estimates of one or both bounds are likely to converge very slowly, or not at all, with ill-
conditioned data using the algorithm of cell H22. An alternative approach is to record the values of t
and the associated deviance in columns in the spreadsheet as the iteration proceeds. After three or four
iterations, plot the deviance against the distance of the estimate from the threshold and extrapolate or
interpolate visually for the value of the step at a deviance of 3,84. The visualization is made easier by

20 © ISO 2018 - All rights reserved
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subtracting 3,84 from the deviances and looking for the step where the corrected deviance is 0. The
regression function of the spreadsheet can also be used to regress the reduced value of the deviance
against the step as a second order polynomial. The resulting equation is solved to obtain t at a value of
the reduced deviance of 0. This revised estimate of the bound is used in the next iteration. A convenient
strategy is to replace the existing values of the reduced deviance and threshold in the vectors used in the
regression furthest from the estimated bound by the new revised estimate of x and the corresponding
deviance, and recalculate the expression to provide a further revised estimate. Again, the value of b in
the optimizer function might have to be constrained to prevent its shooting off to unreasonable values.
The process is repeated and soon converges if a reasonable value of the bound exists. Examination of
the change of deviance with distance from the threshold will soon reveal if it will be possible to find a
value for a bound.

B.2.4 Alternative calculation using linear regression

The principle of this procedure is to apply the logit transformation described in"6.2.2 and then use a
propfietary computer program based on least squares regression such as SAS*)Proc Reg to find the
straight line that best fits the data. The commands for the data in Table B.3 and)the resulting output are
listedl in Figure B.2. The regression model is fit to data points with logits-between -1,75 amnd 1,75 only.
Valugs outside of this range are too extreme to assume that a straightdine will adequately] summarize
the relationship, as described in 6.2.2.

4) This information is given for the convenience of users of this document and does not constitute an endorsement
by ISO of this product. Examples of equivalent products that will lead to the same results are those supplied by SPSS,
S-PLUS and SYSTAT.

© ISO 2018 - All rights reserved 21


https://standardsiso.com/api/?name=c54f261a6d07271881dc512e697e1f0c

ISO 13301:2018(E)

22

TITLE "Logistic Regression of Threshold Data";

DATA INPUT;
INPUT CONC R N; /* Input Data */
P=MAX(R/N, 1/3); /* Compute P(C) */
LOGIT=LOG((P-1/3)/(1-P)); /* Perform Logit Transformation */
LOG_C=LOG(CONC) ; /* Convert to LOG Concentration */

CARDS;

.010 [5 18

.028 [9 18

.032 |4 18

.060 11 18

.095 14 18

.285 16 18

.324 17 18

.673 16 18

.992 1f7 18

RUN;

DATA TRIMMED; /* Trim data of extreme values */
SET [INPUT; /* as per Section 6.2.1 */
IF UOGIT GE -1,75 AND~LOGIT LE 1,75;

RUN;

PROC REG DATA=TRIMMED OUTEST=EST; /* Fit the regression model */
MODEL LOGIT=LOG_C;

RUN;

DATA EST;

SET EST,;
LOG_T = -INTERCEP/LOG_C; /* Compute Threshold value */
THRESHLD = EXP(LOG_T);
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