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1. Scope

1.1 This test method covers a procedure for comparing two
products using a two-alternative forced-choice task.

1.2 This method is sometimes referred to as a paired
comparison test or as a 2-AFC (alternative forced choice) test.

1.3 A directional difference test determines whether a dif-
ference exists in the perceived intensity of a specified sensory
attribute between two samples.

1.4 Directional difference testing is limited in its application
to a specified sensory attribute and does not directly determine
the magnitude of the difference for that specific attribute.
Assessors must be able to recognize and understand the
specified attribute. A lack of difference in the specified attribute
does not imply that no overall difference exists.

1.5 This test method does not address preference.

1.6 A directional difference test is a simple task for
assessors, and is used when sensory fatigue or carryover is a
concern. The directional difference test does not exhibit the
same level of fatigue, carryover, or adaptation as multiple
sample tests such as triangle or duo-trio tests. For detail on
comparisons among the various difference tests, see Ennis (1),
MacRae (2), and O’Mahony and Odbert (3).>

1.7 The procedure of the test described in this document
consists of presenting a single pair of samples to the assessors.

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.9 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
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mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Commiittee.

2. Referenced Documents

2.1 ASTM Standards:*

E253 Terminology Relating to Sensory Evaluation of Mate-
rials and Products

E456 Terminology Relating to Quality and Statistics

E1871 Guide for Serving Protocol for Sensory Evaluation of
Foods and Beverages

2.2 ISO Standard:
ISO 5495 Sensory Analysis—Methodology—Paired Com-
parison

3. Terminology

3.1 For definition of terms relating to sensory analysis, see
Terminology E253, and for terms relating to statistics, see
Terminology E456.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 a (alpha) risk, n—the probability of concluding that a
perceptible difference exists when, in reality, one does not (also
known as Type I error or significance level).

3.2.2 B (beta) risk, n—probability of committing a Type II
error. (See also power (statistical)).

3.2.2.1 Discussion—When testing for a difference, beta is
the probability of failing to conclude that the stimuli are
different when the stimuli actually differ by a specified effect
size (typically the minimum difference the researcher considers
relevant and therefore wants to detect with high probability).
When testing for similarity, beta is the probability of failing to
conclude that the stimuli are similar when the stimuli do not
differ (or, potentially, when they actually differ by a specified
effect size that is smaller than the margin(s) that quantify
similarity).

3.2.3 one-sided test, n—a test in which the researcher has an
a priori expectation concerning the direction of the difference.
In this case, the alternative hypothesis will express that the

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at www.astm.org/contact. For Annual Book of
ASTM Standards volume information, refer to the standard’s Document Summary
page on the ASTM website.
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perceived intensity of the specified sensory attribute is greater
(that is, A>B) (or lower (that is, A<B)) for a product relative to
the other.

3.2.4 two-sided test, n—a test in which the researcher does
not have any a priori expectation concerning the direction of
the difference. In this case, the alternative hypothesis will
express that the perceived intensity of the specified sensory
attribute is different from one product to the other (that is,
A#B).

3.2.5 common responses, n—for a one-sided test, the num-
ber of assessors selecting the sample expected to have a higher
intensity of the specified sensory attribute. Common responses
could also be defined in terms of lower intensity of the attribute
if it is more relevant. For a two-sided test, the larger number of
assessors selecting sample A or B.

3.2.6 P,,,. n—A test sensitivity parameter established prior
to testing and used along with the selected values of a and 3 to
determine the number of assessors needed in a study. P, is
the proportion of common responses that the researcher wants
the test to be able to detect with a probability of 1 B. For
example, if a researcher wants to be 90 % confident of
detecting a 60:40 split in a directional difference test, then P,
= 60% and B = 0.10. P, is relative to a population of judges
that has to be defined based on the characteristics of the panel
used for the test. For instance, if the panel consists of trained
assessors, P, will be representative of a population of trained
assessors, but not of consumers.

3.2.7 P, n—the proportion of common responses that is
calculated from the test data.

3.2.8 product, n—the material to be evaluated.

3.2.9 sample, n—the unit of product prepared, presented,
and evaluated in the test.

3.2.10 sensitivity, n—a general term used to summarize the
performance characteristics of the test. The sensitivity of the
test is rigorously defined, in statistical terms, by the values
selected for a, B, and P, .

4. Summary of Test Method
4.1 Clearly define the test objective in writing.

4.2 Choose the number of assessors based on the sensitivity
desired for the test. The sensitivity of the test is, in part, a
function of two competing risks—the risk of declaring a
difference in the attribute when there is none (that is, a-risk)
and the risk of not declaring a difference in the attribute when
there is one (that is, B-risk). Acceptable values of o and 3 vary
depending on the test objective. The values should be agreed
upon by all parties affected by the results of the test.

4.3 In directional difference testing, assessors receive a pair
of coded samples and are informed of the attribute to be
evaluated. The assessors report which they believe to be higher
or lower in intensity of the specified attribute, even if the
selection is based only on a guess.

4.4 Results are tallied and significance determined by direct
calculation or reference to a statistical table.
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5. Significance and Use

5.1 The directional difference test determines with a given
confidence level whether or not there is a perceivable differ-
ence in the intensity of a specified attribute between two
samples, for example, when a change is made in an ingredient,
a process, packaging, handling, or storage.

5.2 The directional difference test is inappropriate when
evaluating products with sensory characteristics that are not
easily specified, not commonly understood, or not known in
advance. Other difference test methods such as the same-
different test should be used.

5.3 Aresult of no significant difference in a specific attribute
does not ensure that there are no differences between the two
samples in other attributes or characteristics, nor does it
indicate that the attribute is the same for both samples. It may
merely indicate that the degree of difference is too low to be
detected with the sensitivity (a, B, and P,,,,) chosen for the test.

5.3.1 The method itself does not change whether the pur-
pose of the test is to determine that two samples are perceiv-
ably different versus that the samples are not perceivably
different. Only the selected values of P, a, and B change. If
the objective of the test is to determine if the two samples are
perceivably different, then the value selected for a is typically
smaller than the value selected for B. If the objective is to
determine if no perceivable difference exists, then the value
selected for 3 is typically smaller than the value selected for o
and the value of P, needs to be stated explicitly.

6. Apparatus

6.1 Carry out the test under conditions that prevent contact
between assessors until the evaluations have been completed,
for example, booths that comply with MNL 60 (4).

6.2 Sample preparation and serving sizes should comply
with Guide E1871, or see Herz and Cupchik (5) or Todrank et
al (6).

7. Assessors

7.1 All assessors must be familiar with the mechanics of the
directional difference test (format, task, and procedure of
evaluation). For directional difference testing, assessors must
be able to recognize and quantify the specified attribute.

7.2 The characteristics of the assessors used define the
scope of the conclusions. Experience and familiarity with the
product or the attribute may increase the sensitivity of an
assessor and may therefore increase the likelihood of finding a
significant difference. Monitoring the performance of assessors
over time may be useful for selecting assessors with increased
sensitivity. Consumers can be used, as long as they are familiar
with the format of the directional difference test. If a sufficient
number of employees are available for this test, they too can
serve as assessors. If trained descriptive assessors are used,
there should be sufficient numbers of them to meet the
agreed-upon risks appropriate to the project. Mixing the types
of assessors is not recommended, given the potential differ-
ences in sensitivity of each type of assessor.

7.3 The degree of training for directional difference testing

should be addressed prior to test execmetﬁm&[}tSc
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training may include a preliminary presentation of differing
levels of the attribute, either shown external to the product or
shown within the product, for example, as a solution or within
a product formulation. If the test concerns the detection of a
particular taint, consider the inclusion of samples during
training that demonstrate its presence and absence. Such
demonstration will increase the assessors’ acuity for the taint
(see STP 758 (7) for details). Allow adequate time between the
exposure to the training samples and the actual test to avoid
carryover or fatigue.

7.4 During the test sessions, avoid giving information about
product identity, expected treatment effects, or individual
performance until all testing is complete.

8. Number of Assessors

8.1 Prior to conducting the test, decide if the test is
one-sided or two-sided.

8.2 Based on the test objective, choose the sensitivity of the
test based on the three other factors: a-risk, B-risk, and P,,.

8.2.1 One-sided Versus Two-sided—The test is one-sided if
only one direction of difference is critical to the findings. For
example, the test is one-sided if the objective is to confirm that
the sample with more sugar is sweeter than the sample with
less sugar. The test is two-sided if both possible directions of
difference are important. For example, the test is two-sided if
the objective of the test is to determine which of two samples
is sweeter.

8.2.2 Testing for Difference—When testing for a difference,
for example, when the researcher wants to take only a small
chance of concluding that a difference exists when it does not,
the most commonly used values for o-risk and (-risk are
a=0.05 and B =0.20. These values can be adjusted on a
case-by-case basis to reflect the sensitivity desired versus the
number of assessors available. When testing for a difference
with a limited number of assessors, maintain the a-risk at 0.05
to control the risk of falsely concluding that a difference is
present, and allow the B-risk to increase.

8.2.3 Testing for Similarity—A similarity test is used when
the researcher wants to take only a small chance of concluding
that samples are similar when they differ, in fact, by more than
P ax- The most commonly used values for a-risk and B-risk are
again o= 0.05 and B = 0.20, where o denotes the risk of
concluding for similarity when the difference between products
is meaningfully large (that is, greater than P, ,,), whereas f
denotes the probability of failing to conclude for similarity
when the proportion of common responses is no greater than
P .. Typically, B is evaluated at exact parity, that is, the
proportion of common responses being 50 %.

8.2.4 The values for a and B can be adjusted on a case-by-
case basis to reflect the sensitivity desired vs. the number of
assessors available, whereas P, should typically be informed
by up to which difference between products is considered
negligible and is therefore to be determined in consultation
with category experts. P, is a parameter which, along with o
and B, determines sample size and is not adjusted once
determined.

8.2.5 For P,
into three ranges:

the proportion of common responses falls
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Pmax < 55 % represents “small” values;
55 % = Pax = 65 % represents “medium-sized” values; and
Phax > 65 % represents “large” values.

8.3 Having defined the required sensitivity for the test using
8.2, use Table 1 or Table 2 to determine the number of
assessors necessary. Enter the table in the section correspond-
ing to the selected value of P, and the column corresponding
to the selected value of B. The minimum required number of
assessors is found in the row corresponding to the selected
value of a. Alternatively, Table 1 or Table 2 can be used to
develop a set of values for P, o, and P that provide
acceptable sensitivity while maintaining the number of asses-
sors within practical limits.

8.4 Often in practice, the number of assessors is determined
by material conditions and resource availability (for example,
duration of the experiment, number of available assessors,
quantity of sample). For a fixed value of a, increasing the
number of assessors increases the probability of a significant
result (or decreases the [ risk). In a test for difference, this is
the probability of finding a difference between the two
samples. However, in a test for similarity, B is the probability
of concluding significant similarity. A small number of avail-
able assessors limits the test sensitivity. The number of
assessors for one-sided tests of difference and tests for simi-
larity will be similar, for given values of a, 3, and P, .. Note
that as the number of assessors required increases, the use of
trained panelists or experienced discrimination assessors might
not be possible because of limited numbers.

9. Procedure

9.1 Prepare serving order worksheet and ballot in advance
of the test to ensure a balanced order of sample presentation of
the two samples, A and B. Balance the serving sequences AB
and BA across all assessors. Serving order worksheets should
also include complete sample identification information. See
Appendix X1.

9.2 It is critical to the validity of the test that assessors
cannot identify the samples from the way in which they are
presented. For example, in a test evaluating flavor differences,
one should avoid any subtle differences in temperature or
appearance caused by factors such as the time sequence of
preparation. It may be possible to mask color differences using
light filters, subdued illumination or colored vessels. Code the
vessels containing the samples in a uniform manner using
3-digit numbers chosen at random for each test. Prepare
samples out of sight and in an identical manner: same
apparatus, same vessels, same quantities of sample (see Guide
E1871-91).

9.3 Present each pair of samples simultaneously whenever
possible, following the same spatial arrangement for each
assessor (on a line to be sampled always from left to right, or
from front to back, etc.). Within the pair, assessors are typically
allowed to make repeated evaluations of each sample as
desired. If the conditions of the test require the prevention of
repeat evaluations, for example, if samples are bulky, leave an
aftertaste, or show slight differences in appearance that cannot
be masked, present the samples monadically (or sequential

monadic) and do not allow repeated oBesyments
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TABLE 1 Number of Assessors Needed for a Directional Difference Test One-Sided Alternative

Norte 1—The values recorded in this table have been rounded to the nearest whole number evenly divisible by two to allow for equal presentation of

both pair combinations (AB and BA).
Note 2—Adapted from Meilgaard et al (8).

B

a 0.50 0.40 0.30 0.20 0.10 0.05 0.01 0.001
0.50 Prnax=75 % 2 4 4 4 8 12 20 34
0.40 2 4 4 6 10 14 28 a2
0.30 2 6 8 10 14 20 30 48
0.20 6 6 10 12 20 26 40 58
0.10 10 10 14 20 26 34 48 70
0.05 114 16 18 24 34 42 58 82
0.01 22 28 34 40 50 60 80 108
0.001 38 a4 52 62 72 84 108 140
0.50 P, =70 % 4 4 4 8 12 18 32 60
0.40 4 4 6 8 14 26 42 70
0.30 6 8 10 14 22 28 50 78
0.20 6 10 12 20 30 40 60 94
0.10 14 20 22 28 40 54 80 114
0.05 18 24 30 38 54 68 94 132
0.01 36 42 52 64 80 9 130 174
0.001 62 72 82 9 118 136 176 228
0.50 Ponec=65 % 4 4 4 8 18 32 62 102
0.40 4 6 8 14 30 42 76 120
0.30 8 10 14 24 40 54 88 144
0.20 10 18 22 32 50 68 110 166
0.10 22 28 38 54 72 9 146 208
0.05 30 42 54 70 94 120 174 244
0.01 64 78 90 112 144 174 236 320
0.001 108 126 144 172 210 246 318 412
0.50 P =60 % 4 4 8 18 42 68 134 238
0.40 6 10 24 36 60 94 172 282
0.30 12 22 30 50 84 120 206 328
0.20 22 32 50 78 112 158 254 384
0.10 46 66 86 116 168 214 322 472
0.05 72 94 120 158 214 268 392 554
0.01 142 168 208 252 326 392 536 726
0.001 242 282 328 386 480 556 732 944
0.50 Prne=55 % 4 8 28 74 164 272 542 952
0.40 10 36 62 124 238 362 672 1124
0.30 30 72 118 200 334 480 810 1302
0.20 82 130 194 294 452 618 1006 1556
0.10 170 240 338 462 658 862 1310 1906
0.05 282 370 476 620 866 1092 1584 2238
0.01 550 666 820 1008 1302 1582 2170 2928
0.001 962 1126 1310 1552 1908 2248 2938 3812

9.4 Ask only one question about the samples. The selection
the assessor has made on the initial question may bias the reply
to subsequent questions about the samples. Responses to
additional questions may be obtained through separate tests for
preference, acceptance, degree of difference, etc. See Cham-
bers and Baker Wolf (9). A section soliciting comments may be
included following the initial forced-choice question.

9.5 The directional difference test is a forced-choice proce-
dure; assessors are not allowed the option of reporting “no
difference.” An assessor who detects no difference between the
samples should be instructed to make a guess and select one of
the samples, and can indicate in the comments section that the
selection was only a guess.

10. Analysis and Interpretation of Results

10.1 The procedure used to analyze the results of a direc-
tional difference test depends on the objective of the study, that
is, whether testing for a difference or testing for similarity.
Denote ¢ as the number of common responses for one-sided
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tests (see Table 1) or two-sided tests (see Table 2). Denote n as
the total number of assessments.

10.1.1 Difference Test Analysis—Use Table 3 to analyze the
data from a one-sided test. For a one-sided test, if the number
of common responses is equal to or greater than the number
given in the Table for the sample that is “known/hypothesized”
to be higher, then conclude that this sample is significantly
different. Use Table 4 to analyze the data from a two-sided test.
If the number of common responses is equal to or greater than
the number given in the Table, conclude that a perceptible
attribute difference exists between the samples. For both one
and two-sided tests, if the number of common responses is less
than the number given in the respective table, conclude that the
test failed to find a difference between the samples. The
samples are not found significantly different in attribute inten-
sity.

10.1.2 If the number of assessors is less than the value given
in Table 1 or Table 2 for the chosen values of a, 3, and P,

the researcher is primarily interested i 1n Qumelﬁ‘&
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