
COMPARISON OF DIFFERENT SENSORY DISCRIMINATION TESTING 

METHODS USED IN FOOD INDUSTRY 

An application of triangle, tetrad, and duo-trio tests using various food samples 

 

Master’s thesis 

Hämeenlinna, Bioeconomy and Business Development 

Autumn 2021 

Julie Marie Oca Rodriguez



 

 
Biotalouden liiketoiminnan kehittäminen Tiivistelmä 
Tekijä Julie Marie Oca Rodriguez Vuosi 2021 
Työn nimi  Erilaisten aistinvaraisen erotustestimenetelmien vertailu 

elintarviketeollisuudessa: kolmi-, neliö- ja pari-kolmitestien soveltuvuus 
erilaisten elintarvikenäytteiden arviointiin 

Ohjaajat Tuija Pirttijärvi, Paula Koivisto, Tiina Hämäläinen 

Elintarviketeollisuudessa tuotteita kehitetään jatkuvasti kuluttajien toiveiden ja vaatimusten 

sekä trendien mukaisesti. Muutoksia voi tapahtua tuotantoprosessissa, reseptissä, 

valmistusaineissa, pakkauksessa tai säilytyksen olosuhteissa. Nämä muutokset voivat 

aiheuttaa ei-toivottuja muutoksia tuotteen aistinvaraisiin ominaisuuksiin. On tärkeä, että 
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1 Introduction 

In food industry, aside from the routine product quality control, products undergo different 

stages of development and modification to meet the constantly changing trends and 

consumer demands. Reasons for process modification and product reformulation can be due 

to cost-saving in production, recipe optimization, or compliance to sustainable development. 

There are also cases where alternative ingredients must be tested to secure the supply chain 

whenever problems arise from supplier change, shortage of raw materials due to 

environmental impact or interference in logistics. Due to economic reasons, the production 

can also be transferred from one manufacturing plant to another for processing efficiency. 

Recently there are increasing demands for testing alternative product packaging towards 

more environmental-friendly options to lessen the use of plastics materials. Implementing 

these modifications can create unwanted changes in the sensory characteristics of the 

product, which may result to negative feedback from the current product users. Even though 

the modification’s aim is to meet a certain objective, it is important to make sure that the 

current sensory profile of the product will be maintained and the change will not be a risk. 

To verify whether the changes affect the product’s sensory quality, discrimination testing 

can be conducted. 

Discrimination tests are sensory methodologies used to determine whether differences 

between two confusable products are detectable by the assessors (Worch & Delcher, 2013, 

p. 396). Discrimination test means testing the ability to differentiate between two stimuli 

(Lawless & Heymann, 2010, p. 101). 

Testing for the sensory difference between two products are routinely used in the industries. 

For determination of difference between two confusable products, the commissioner of this 

study, Valio Ltd. has been conducting triangle tests as the main method of discrimination 

testing both in product development and quality control. The triangle test is one of the most 

common discrimination testing method widely used until now. Results of triangle tests are 

used in the company to support different decision making in product and business 

development. Theoretically discrimination tests are simpler and faster to implement than 

other more detailed sensory evaluation methods such as consumer acceptance or 
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preference tests and trained panel’s descriptive tests. In practice, organizing the triangle test 

is both challenging and time-consuming as it involves hours of sample cups coding, uniform 

sample portioning and random sample arrangement in balanced order combinations among 

the number of participants. Moreover, the number of samples needed for each product is 

almost twice more than the other sensory tests require. In addition, gathering enough 

participants needed for the test is always a challenge. In conducting discrimination tests, the 

participants are recruited among the internal panel who are willing to participate and 

evaluate the samples voluntarily. As an employee, participation to internal sensory tests in 

addition to the already busy working schedule is not always easy. To keep the employees 

motivated, participants are offered a take-away snack from the selection of the company’s 

own products after the test. Although a small compensation is given after participation, 

there were occasions that the required number of participants is not met. Along with these 

challenges from the participant recruitment to test implementation, the test method itself is 

not flawless. 

There are other types of discrimination testing methods available aside from the triangle 

test, some show advantages over the others while some showed limited application. 

Discrimination testing methods are still widely studied and reviewed until now. Recently, 

triangle test has received mixed reviews from other experts for being not stable and prone 

to many errors (J. M. Ennis & Jesionka, 2011; O’Mahony, 1995; O’Mahony & Rousseau, 

2003). Currently, there is a wide range of literature and research published discussing which 

method is better than the other. There are also some modified versions of the different 

discrimination methods to answer specific objectives or to increase the test method’s power 

and sensitivity (Jeong et al., 2016; Kim et al., 2014b; Rousseau & O’Mahony, 2000; van Hout, 

2014; Xia et al., 2015). With recent studies on other discrimination testing methods found to 

be more powerful than the triangle test, alternative methods for the triangle test must be 

reviewed. The stimuli used in previous studies were mostly simple solutions and only several 

studies have tested different methods using actual food samples. As most of the studies’ 

recommendation, testing these methods with the company’s own range of products will be 

beneficial to better understand the applicability of each method on different test cases. 
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2 Aim of the study 

The aim of this thesis was to investigate the reliability and sensitivity of the currently used 

method by comparing other similar discrimination methods available and recently found to 

have advantages over the triangle test. The two main research problems in this experiment 

were: 

1. Is triangle test still the best sensory discrimination method for difference testing in 

the company? 

2. If not, what are other options available? 

Investigating meant diving deep into the vast waters of scientific papers on the recent 

reviews and developments in discrimination testing. After being familiarized with other 

methods’ potential, a direct application and comparison to triangle test was implemented 

using the company’s own product range. In addition to the main research problems, this 

study aimed to answer these specific research questions as well: 

a. What are the food industries’ widely used triangle test’s strengths and 

weaknesses? 

b. What are other similar discrimination testing methods available, and their 

advantages or disadvantages compared to the triangle test? 

c. Can the current method be replaced or partly substituted by other similar 

methods? 

The first two research questions (a. and b.) will be answered in the literature review, then 

the remaining research question (c.) and research problems (1. and 2.) will be answered 

after the experimental part. 

A theoretical background and literature review will be provided first in the next sections, 

before moving on to the experimental part. 
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3 Sensory science 

Sensory science is defined by Martens (1999, p. 233) as “a multidisciplinary field comprising 

measurement, interpretation and understanding of human responses to product properties 

as perceived by the senses such as sight, smell, taste, touch and hearing.” The same author 

(Martens, 1999, p. 234) also elaborated the field of sensory science in a philosophical way: 

Sensory science is 

i. relational, i.e. links product and person; 

ii. interdisciplinary, i.e. links professions from chemistry to psychology; 

iii. timeless, i.e. links past and present inquiries into sense perception; 

iv. existential, i.e. links sense perception through one human life; 

v. integrating, i.e. links the various sense modalities; 

vi. “real world” science, i.e. links theories to practical problem-solving. 

An illustration (Martens, 1999, p. 235) below in Figure 1. shows how sensory science studies 

both product–person relations (Interface 1) by interpreting chemical-sensory properties and 

person–person relations (Interface 2) by combining chemistry, psychology, and marketing to 

interpret descriptive-affective responses. 

Figure 1. Sensory science as a “link” to other fields of science 
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3.1 Sensory evaluation 

Sensory evaluation is defined by Lawless & Heymann (2010) as “a scientific method used to 

evoke, measure, analyze and interpret reactions to those characteristics of foods and 

materials as they are perceived by the senses of sight, smell, taste, touch and hearing”. In a 

sensory evaluation, a stimulus (product) is presented to a subject (human) and the subject’s 

reaction to the stimulus (response or sensory perception) is measured. Human perception to 

the product tested is converted numerically for statistical analysis. In other words, sensory 

evaluation is performed by the human senses either as “measuring instruments” during an 

analytical laboratory sensory evaluation or as “predictors” during consumer in-house or in-

hall sensory evaluation. These types of evaluation are defined by O’Mahony (1995) as 

Sensory Evaluation I (SE I) using trained panelists as assessors and Sensory Evaluation II (SE 

II) using untrained consumers as assessors. More on the definition of both types of sensory 

evaluation can be found from the studies of O’Mahony and Hout (1995; 2014). 

Sensory testing is used to gather information on product properties to improve, modify and 

maintain the product quality. Sensory evaluation aids the research and development process 

in industrial manufacturing companies to fully understand their products and assess 

consumer response. (Amerine et al., 1965) 

As we all know humans are complicated beings prone to inconsistencies and no matter how 

much “calibration” and training one undergoes to provide the most accurate sensory 

responses to a product being tested, human’s judgement is often influenced by many 

circumstances. These creates variations in the results. Although accurate measurements 

may not be fully achieved by sensory evaluation by humans, there are currently no other 

more accurate measurements available to measure human’s sensory responses to consumer 

goods. Recent developments have been reported and achieved in sensory evaluation by 

actual instruments with the help of modern technologies and artificial intelligence such as 

electronic (e-) nose, e-tongue and e-eye as suggested by recent studies (Crofton et al., 2019; 

Fuentes et al., 2021; Gonzalez Viejo et al., 2019; Motoki et al., 2021; Ross, 2021), but none 

up to this day can combine all the e-senses into one holistic measurement of sensory 

perception by human. 
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3.2 Sensory evaluation methods 

There are different sensory evaluation methods available depending on the objectives of the 

study and what research questions must be answered. The main methods of sensory 

evaluation are commonly divided into two categories: laboratory tests and consumer tests. A 

concise illustration of sensory evaluation methods was described by Martens (1999, p. 240) 

in Figure 2. below. 

Figure 2. Main methods of sensory evaluation 

 

A detailed illustration on how the different sensory evaluation methods answer different 

research questions was also described in the book of Lawless & Heymann (2010, p. 16) as 

modified in Figure 3. 

Figure 3. Method selection based on research objective 
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The sensory evaluation team in a food manufacturing company mainly supports research 

and development but interacts with marketing, quality control, packaging, design, 

advertising, legal, and regulatory teams as well (Lawless & Heymann, 2010, p. 16). It is the 

task of the sensory scientist to choose and design the most appropriate sensory method to 

answer the research questions needed for product development, business, or marketing 

decisions. 

There are three main classes of sensory testing as briefly described in Figure 3: affective, 

descriptive, and discriminative. All three serve a different purpose and provide companies 

with different set of information to answer different set of research questions. 

Illustrated below in Figure 4 are sensory evaluation methods grouped into two focus areas: 

product-oriented tests and consumer-oriented tests (Adjei, 2017, p. 86). Product-oriented 

tests, which Martens previously referred as laboratory tests, include the descriptive tests 

and the discriminative tests. Consumer-oriented tests include affective tests, which can be 

done quantitatively using preference test and acceptance test or qualitatively using 

interviews and panel conversations. The line between the two focus areas is very distinct, 

but recent studies showed the incorporation of affective preference to discrimination tests 

allowing an invincible line connecting the two focus areas be drawn (Kim et al., 2014, 2015). 

The yellow star indicates the method of focus in this study. 

Figure 4. Product-oriented tests vs. consumer-oriented tests 
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Affective testing 

For research questions such as, “How is the product liked or not liked?” or “After tasting the 

new product, will the consumers accept the product and intend on purchasing if made 

available in the market?”, an affective type of testing must be conducted. Affective or 

hedonic testing measures the consumers’ likes and dislikes to determine the product’s 

market potential. This method requires a group of representative consumers ranging from 

about 50-100 persons, who must represent the actual or probable end-users of the products 

to be tested. To take part in this type of sensory evaluation for product’s acceptance and 

preference, the participants must be screened for motivation and product use. The 

evaluation must take place in exactly or as near as the actual product consuming situations 

in the real world. The participants do not require prior training (untrained panelists) and the 

location is not centralized. This type of test is often referred to as home test, which involves 

ordinary consumers without prior sensory evaluation training, performing the test in the 

convenience of their own homes. Affective testing can also be performed in a controlled 

manner in a centralized location, like the sensory laboratory or even in a bigger testing hall 

to accommodate larger number of participants. This type of testing is also known as hall test, 

which involves ordinary consumers without prior sensory evaluation training, but not in the 

convenience of their own homes. This allows the sensory scientist to limit the variations of 

the affecting variables like location, product presentation and manner of evaluation. 

Acceptance is measured by various types of hedonic scales. Shown below in Figure 5. (Abdou 

et al., 2018, p. 290) is an example of a seven-point facial hedonic scale for measuring 

product likeability. 

Figure 5. Seven-point facial hedonic scale 
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Descriptive testing 

Descriptive testing on the other hand is used when a product’s sensory characteristics or 

attributes must be specified and described in detail. This type of testing answers the 

questions like, “What is the nature of the products’ difference? or How do products differ in 

certain sensory characteristics and their intensities? The evaluation is commonly performed 

by a trained group of product experts as panelists in a controlled testing facility like the 

sensory laboratory. A training session prior to the descriptive testing is organized to define 

which sensory attributes will be evaluated and the range of scale to be used for measuring 

each attribute’s intensities. The range of scale depends on how different the samples are 

based on their sensory qualities. During the training session, the panelists are presented 

with reference samples to be evaluated. After tasting, each panel member lists all the 

sensory attributes, where the samples differ in intensities. A discussion on the attributes of 

concern will follow, then the range of scale will be decided based on consensus. After 

training, each will perform the descriptive analysis of all the samples individually. Evaluation 

is done analytically focusing mainly on sensory characteristics, while trying to exclude 

personal preference. An example on how to report the results of a descriptive analysis by a 

cobweb diagram, is shown in Figure 6. using a ten-point scale (Maciel et al., 2016, p. 8533). 

The diagram easily visualizes the results showing how the two samples P1 and P3 differ from 

each other and what sensory attributes are missing or present in each sample. The asterisks 

beside the attributes show the level of significant differences between the samples. 

Figure 6. A sensory profile of two milk samples 

 



10 

 

Discriminative testing 

The third type of sensory evaluation method is the discriminative or better known as 

discrimination testing. This method is used to measure small differences or similarities 

between two products. Difference and similarity tests can be used to identify whether an 

overall or attribute-specified difference or similarity exists. This type of sensory testing 

answers research questions like “Are the two products perceived as different?” or Does the 

product’s processing modification result in a perceptible sensory difference from the current 

version?”. The panelists can be trained specialists or untrained consumers. Choosing which 

panel to use depends on the objective of the research. A case study comparing the trained 

and untrained panels’ performance in difference testing were presented in the dissertation 

on measuring meaningful differences by van Hout (2014, pp. 26–32). Evaluation in 

discrimination tests is also analytic like the descriptive test, meaning no product preference 

or acceptance questions are involved. Although there are cases combining both affective 

and discriminative tests as a modification to meet specific needs, the main aim of any 

discrimination tests is to answer the basic question: Are the products perceived different or 

not? There are numbers of discrimination testing methods available, each has its own 

strengths and weaknesses. One example is the triangle test, which is the main subject of this 

study. An example of a triangle test questionnaire using an online cloud service, SIMS 

sensory software (SIMS, n.d.) is shown in Figure 7. More details on discrimination tests will 

be discussed in the next part. 

Figure 7. A triangle test questionnaire using SIMS sensory software 
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4 Discrimination testing methods 

The literature review focused on discrimination tests, more particularly in difference testing. 

The task was to learn and understand more about the different methods available, which 

can be possible alternatives or substitutes to triangle test. In this part, the research 

questions regarding the triangle test’s strengths and weaknesses compared to other 

methods will be discussed along with other available methods for consideration. 

As mentioned earlier, products can undergo reformulation, processing modification, switch 

to an alternative packaging material, extension of shelf-life or adjustments in storing or 

serving conditions. Before any of these changes to be officially implemented in the company, 

the product development and business management teams must test and confirm how 

these changes will affect the sensory characteristics of the product, and if there are 

perceivable differences, how much change will be agreed to be acceptable. To determine 

whether there are perceivable differences between the new or modified product (B) and the 

current version of the product in the market (A), sensory discrimination tests are used to 

avoid compromising the products already liked by the consumers. 

Discrimination testing is only applicable if the two products to be tested are confusable, 

meaning the difference in their sensory quality is difficult to distinguish clearly. This sensory 

testing method will measure the effect of product modification by comparing the prototype 

(modified product) to the control (reference product). The control can be the current version 

of the product available in the market, a standard sample, or a target product with sensory 

characteristics to be achieved. 

There are different kinds of discrimination tests available depending on the test objectives of 

the study. It is the responsibility of the sensory scientist to recommend and choose the most 

suitable testing method for the products. Difference testing is more commonly used than 

equivalence or similarity testing, because the number of required participants is usually 

higher when testing for similarities. Although both types of tests seem interchangeable, the 

data analysis and interpretation of results are different. The technicalities on how difference 

and similarity testing differ from one another are explained in the sensory analysis standards 



12 

 

(ISO 4120:2021, 2021; ISO 6658:2017, 2017). Since difference testing is more common and is 

what the company has been conducting, this study focused on this type of discrimination 

test. Some of the available methods include the triangle test, duo-trio test, paired 

comparison test, n-alternative forced choice test (n-AFC), tetrad test (Frijters, 1984, pp. 117–

140), polygonal, and polyhedral tests (Basker, 1980, pp. 1–10). 

These test methods can be further divided into two groups: overall difference testing and 

attribute-specified difference testing. More about the differences between specified and 

unspecified testing methods will be discussed below. 

1. Directional difference testing (specified) 

If product’s attribute subjected to change is known or specified, there are attribute-specified 

discrimination testing methods available such as the n-alternative forced choice (n-AFC) test 

like 2- or 3-AFC. Respondents are presented with two to three samples and are instructed to 

identify which sample has more or most of the pre-specified attribute (J. M. Ennis & 

Jesionka, 2011). Tetrad test can also be presented as a specified version, in which test 

instruction is different from the other two; the assessor is presented with four samples that 

must be sorted into two groups based on similarities according to the specified attribute (Xia 

et al., 2015). Illustrations on how samples and testing instructions are presented in these 

methods are shown in Figure 8. 

Figure 8. Directional or attribute-specified difference tests 

 

This type of discrimination testing is applicable on situations like sugar or salt reduction 

when a company aims to lessen the sugar or salt content of the product, without changing 
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the sensory taste profile drastically. In this case, the attribute subjected to change and is of 

main concern is sweetness or saltiness. Using specified difference tests such as 2-AFC, asking 

the assessor specifically which one between the samples is sweeter or saltier, the 

discrimination task is straightforward and is easier to perform. When the attribute of 

concern is defined, it becomes easier for the assessors to focus on their task in 

discriminating the samples based on only one sensory characteristic. This is the reason why 

specified discrimination test is more effective and powerful than the unspecified difference 

tests. 

Although specified methods are much more powerful than unspecified methods like duo-

trio, triangle, unspecified tetrad, and two-out-of-five (Bi, 2015; J. M. Ennis & Jesionka, 2011; 

McClure & Lawless, 2010; O’Mahony & Rousseau, 2003), very seldom that a company can 

predict a certain attribute change resulting from modifications in processing, packaging, or 

ingredients. Thus, testing for overall differences between samples undergoing product 

modification is more applicable to the company’s purposes. Although a specified difference 

test would be a better choice for testing in some cases, overall difference testing is 

applicable in most cases being the safest and general method of choice. This was the reason 

why specified methods, although being more accurate than overall methods, were not 

included in the comparison. 

2. Overall difference testing (unspecified) 

When the sensory attribute subjected to change is unknown or if the modification will affect 

several sensory attributes, unspecified or overall difference testing must be conducted. 

There are several overall difference testing methods available such as A-not-A, dual 

standard, duo-trio, triangle, unspecified tetrad, and two-out-of-five. All these methods 

involve presenting the respondents with two to five samples. The instructions vary 

depending on the method used. In A-not-A, a reference sample A is presented, then the 

assessor is asked to state whether the following test sample is A or not-A. On the other 

hand, dual standard presents both samples as references A and B, then the assessor must 

match the two test samples to the references. In duo-trio test, the respondents are 

presented first with the reference sample, followed by two samples. The tasks are to taste 
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the reference first, then identify which of the two samples is the same as the reference. 

There are also two versions of duo-trio test: one uses the same reference sample throughout 

the evaluations (constant reference) and the other uses both samples as the reference 

sample in a random order (balanced reference). Using the constant reference duo-trio test 

provides simplicity in sample preparation and is appropriate if the assessors are familiar with 

the reference. In the company, the reference sample used in most of cases was the current 

product available in the market, which was already familiar to the internal panel. By using a 

familiar product as reference, the matching task during the evaluation is easier. In cases, 

where both samples to be tested are unfamiliar to the assessors, for example new novelties 

for future market launch, the balanced reference duo-trio test is recommended. In the 

triangle test, among the three samples, the task is to identify the odd one. In unspecified 

tetrad and two-out-of-five tests the task is to sort the samples into two groups depending on 

similarities. Figure 9 shows the sample and instruction presentations in each test. The yellow 

star mark indicates the current method used in the company. 

Figure 9. Unspecified or overall difference tests 

 

These methods are suitable for testing overall difference, meaning there is no specified 

sensory characteristic or attribute known or defined prior to the test implementation. For 

example, a company wanted to change the supplier of cheese starter for cost-reduction. As a 

trial, the product development team made a test cheese sample using the same starter but 

from the new supplier. To verify if the supplier change does not affect the sensory quality of 

the cheese, the test sample will be compared to the current version available in the market. 
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Since cheese processing is complicated and predicting what sensory attribute is going to 

change using the new starter, overall difference test would be the suitable testing method to 

be used. By doing so, the tester (assessor) will be asked to identify which among the three 

samples is the odd one (triangle test) or which one between the two samples matches the 

reference sample (duo-trio). 

The summary of different discrimination test methods modified from the book by Lawless 

and Heymann (2010, p. 81) is shown in Table 1. The newest method called the tetrad test 

was not yet included in the book but is listed here as it grows popularity in recent studies 

showing high potential in replacing other discrimination testing methods, like the triangle 

test. Tetrad was found to be more powerful than the triangle test due to fewer required 

assessors to achieve reliable results (J. M. Ennis & Jesionka, 2011, p. 381). 

The table shows how wide the selection of different discrimination testing methods 

currently is, and by just looking at the probability column values, one can easily see that the 

method with the least chance of guessing the correct answer (probability, p) like two-out-of-

five (p=1/10) or 4/8 "Harris-Kalmus" (p=1/70) will be the most ideal choice. Although the 

probability of guessing the correct answer by chance in these methods is low, the number of 

samples included in the evaluation set-up increases, thus causing an increase in tasting 

fatigue. With strong and complexly flavored samples, tasting more samples will be difficult 

to the assessors and the carryover of lingering tastes from one sample to the next will 

adversely affect the discrimination task. These methods will be more appropriate to sensory 

evaluation of color or appearance, but not when the evaluation includes tasting and texture 

evaluation through mouthfeel. Since taste is one of the most important sensory 

characteristics valued by the consumers in addition to the texture and appearance, the 

method must also be applicable to all the sensory quality evaluation of the product. Aside 

from the difficulty in the discrimination task caused to the assessors, more samples will 

require a greater number of products and time needed for test implementation. Therefore, 

the advantage of providing low probability of guessing the correct answer by chance is 

overpowered by the disadvantages in evaluation fatigue, time consumed in test preparation 

and sample amount needed for the test. With these reasons being stated, the methods with 

low probability will not be a better alternative for triangle test. 
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Table 1. List of available discrimination test methods. 

CLASS OF 
TEST 

NAME OF 
TEST 

PRE-TEST 
SAMPLES 

TEST 
SAMPLES 

TASK/INSTRUCTIONS PROBABILITY 

Oddity Triangle None 
A, A', B or 
(A, B, B') 

Choose the most 
different sample 

 1/3 

Matching 

Constant 
reference 
duo-trio 

Ref A A, B 
Match sample to 
reference 

 1/2 

Balanced 
reference 
duo-trio 

Ref A, Ref B A, B 
Match sample to 
reference 

1/2 

ABX Ref A, Ref B A (or B) 
Match sample to 
reference 

1/2 

Dual 
standard 

Ref A, Ref B A, B Match both pairs 
1/2 

Forced 
choice 

Paired 
comparison 

None A, B 
Choose sample with 
most of the specified 
attribute 

1/2 

3-AFC None A, A', B  (Same)  1/3 

n-AFC None A
1
-A

n-1
, B (Same) 1/n 

Dual pair None 
A, B and A, 
A' 

Choose A, B (different 
pair) 

 1/3 

Sorting 

Tetrad None A, A', B, B' Sort into two groups 1/3 

Two-out-of-
five 

None 
A, A', B, B', 
B'' 

Sort into two groups 1/10 

4/8 "Harris-
Kalmus" 

None A
1
-A

4
, B

1
-B

4’
 Sort into two groups 1/70 

Yes/No 
Same-
different 

None 
Pairs: A, A' 
or A, B 

Choose response 
"Same" or "Different" 

N/A 

Response 
choice 

A, not-A Ref A A or B 
Choose response "A" 
or "not-A" 

N/A 

To show the whole process, the steps in conducting a discrimination test are enumerated in 

Table 2 (Lawless & Heymann, 2010, p. 81). 
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Table 2. Steps in conducting a difference test. 

1. Obtain samples and confirm test purpose, details, panel, training, and client. 

2. Decide testing conditions such as sample size (number of participants), volume of 
samples, serving temperature and confirm with the client. 

3. Write instructions to the panelist and construct ballot (test questionnaires). 

4. Recruit potential panelists. 

5. Screen panelist for acuity (if necessary). 

6. Train to do specific difference test (if necessary). 

7. Set up counterbalanced sample orders. 

8. Assign random three-digit codes and label sample cups or plates. 

9. Conduct test. 

10. Analyze results. 

11. Communicate results to clients or end user. 

The digitalization era has also changed the sensory evaluation from paper questionnaires to 

internet-based questionnaires making these steps faster to accomplish. Conducting a 

sensory test automated from the recruiting part to analyzing the results in one platform was 

made possible using advanced sensory software and web applications. The only part, which 

is excluded from the automation, is the sample preparation and the sensory evaluation 

itself. These are the areas where considerations in choosing the appropriate method can be 

found: the lower number of samples and participants needed, the lesser time required to 

conduct the test and the easier the discrimination task will be for the assessors, the better 

and more practical the method is. 

The currently used triangle test has a long history of use behind. It is a popular choice for 

discrimination testing and has provided useful results to support business decisions not only 

in Valio, but in other companies as well. But what is wrong with triangle test that the need to 

investigate other methods was necessary? It has always been criticized in several 

publications, but it was not looked upon closer yet in the company. 
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4.1 Triangle test and its pitfalls 

Now that many other methods aside from the triangle test were listed, the next step of this 

study was to choose which among these methods were to compare. Due to the limitations 

of this study, it was decided to focus mainly on comparing similar methods like the one 

currently and actively used in the company: the triangle test. 

Triangle test is one of the most commonly used discrimination testing method due to its 

theoretical simplicity both in test implementation and data analysis. Results are also easy to 

understand and communicate to the test requesters. Triangle test is a type of discrimination 

testing method used to determine whether an overall difference between two samples is 

perceivable. Overall means that the difference can be in appearance, texture, taste, smell, or 

all combined. It is also used to train and screen the panel involved in product quality 

assurance such as testing for off-flavors identification or taste sensitivity thresholds. In 

triangle test as shown briefly in the previous discussion, a prototype (B) is compared to a 

reference (A). The reference can be the current version of a product or a standard sample 

with the target sensory qualities. The prototype can be the modified or reformulated 

sample. The laboratory test is organized by presenting the samples in a unified manner: 

same sample serving container, size, amount, appearance, and temperature. Each test 

participant will be presented with three samples coded with three-digit numbers. The 

samples must be randomly arranged among the participants to make sure all the sample 

combinations AAB, ABA, BAA, BBA, BAB, and ABB are served. The tasks will be to taste all the 

samples according to the order presented in the sample tray or questionnaire, then to 

choose the odd one. The odd sample can be either the reference or the prototype. If the 

difference between the samples is not perceived, the participant must guess. If the total 

number of correct answers from all the participants is less than the minimum number of 

correct answers needed to establish statistical significance, it will therefore be concluded 

that there is no significant evidence, that perceivable difference between the two samples 

exists. (ISO 4120:2021, 2021) 

Theoretically, test implementation, sample evaluation, data analysis and interpretation of 

the results are faster and easier compared to the other sensory tests such as the acceptance 
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or descriptive tests. In practice, the number of samples, amount of time and other resources 

involved in conducting a triangle test are not that simple. Moreover, the reliability of the 

triangle test is often criticized as shown in several articles published (D. M. Ennis, 1993; J. M. 

Ennis & Jesionka, 2011; O’Mahony, 1995b; O’Mahony & Rousseau, 2003). Below in Figure 

10. is an example of some actual situations in a food industry, where product modification is 

needed but the change in sensory quality must be verified. This can be an actual case, where 

triangle test is applicable. 

Figure 10. An example of a triangle test case 

 

Triangle test is the most common method in the food industry and is also the current 

method used in the company. The results provided important support in decision making 

and the method has been used for over thirty years in the company. 

Although triangle test came in the late 1940s (Roessler et al., 2006), it has been since then 

criticized, reviewed, and modified in several books and articles published up to date. 

According to a presentation of Tom Carr in the recent Pangborn Symposium (2021), there 

are currently 259 scientific papers published in the Journal of Sensory Science about the 

triangle test alone. Figure 11. below shows just a pair of published articles about the same 

topic, but if looked closer at their dates, the time difference was almost half a decade. 
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Figure 11. Triangle test articles in the late 1940s until the late 1990s. 

 

A comprehensive review done by O’Mahony (1995) discussed the effects of position bias, 

response bias, cognitive strategy changes and the sequence of tasting in relation to the 

triangle test (Figure 12.). He also elaborated on the theoretical approaches like ‘Thurstonian 

modeling and Sequential Sensitivity Analysis’. His study concluded that the triangle test is 

prone to many pitfalls (O’Mahony, 1995, p. 236) as shown in the figure below. 

Figure 12. Sources of errors and their suggested solutions in triangle test 

 

In the article review by O’Mahony (1995), the sources of variations in the results from a 

triangle test in relation with the position bias, can be controlled by counterbalancing the 

sample randomization among the participants to make sure all the possible sample 

arrangements AAB, ABB, ABA, BAB, BBA, and BAA are presented equally. To avoid response 
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bias or choosing a specific response more often that the other, the test instructions must be 

written carefully and the task and number of stimuli must be stated clearly in a 

straightforward manner. The concerns in the order of tasting, with series containing the 

stronger stimulus as the odd sample resulting to better discrimination than those who 

received a series with the weak stimulus as the odd sample is presented. Also, in performing 

the triangle test, the assessor can switch between cognitive strategies either discriminating 

the samples based on overall perception or by skimming based on a specific attribute as the 

cognitive strategy used in directional difference testing like the paired comparison, 2-AFC. 

During these recent years, more articles are being published not only about triangle test, but 

also in discrimination tests in general. This means that in addition to the already wide range 

of articles to be reviewed, the list still goes on. Figure 13 shows some of the recent studies 

on modification, combination, and improvisation of several discrimination testing methods 

(In-Ah Kim et al., 2015; Ishii et al., 2014; Jeong et al., 2016; Kim et al., 2014a; Kuesten, 2001; 

O’Mahony & Rousseau, 2003; van Hout, 2014; Xia et al., 2015). 

Figure 13. Articles on discrimination tests from year 2000s 

 

For the purpose of this study and the limitations agreed upon, the main goal was to focus on 

testing and comparing two other overall difference testing methods with the currently used 

triangle test. These two methods agreed were the duo-trio test and the unspecified tetrad 

test as shown in Figure 14. The justifications on the selection of methods to be compared are 

included in the Appendices section. Constant reference duo-trio test might not be as popular 
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as the triangle test but is more straightforward and both easier to organize and perform 

than the triangle test. The higher chances of guessing the correct answer (1/2 probability) in 

duo-trio test may lessen the effectivity of the method but was intended to test and confirm 

in this study. Although the tetrad test is a newcomer, it had gained attention and earned 

interests for discussion among sensory experts as a better choice than triangle test. Other 

companies are now in transition and considering the switch from triangle to tetrad 

(Bissmeyer, 2019; J. M. Ennis, 2012) There are several comparisons made between triangle 

and tetrad tests as written in several recent publications (Adawiyah et al., 2020; Chaves et 

al., 2020; Garcia et al., 2012; Ishii et al., 2014; Theses & Carlisle, 2014; Tran et al., 2014). The 

addition of the fourth sample in tetrad test may increase sensory fatigue, that may affect the 

discrimination performance of the panel, which was later tested to confirm in this study as 

well. This experiment was designed to test and compare all the three methods in one testing 

session using some of the company’s wide range of products. 

Figure 14. Two possible options for triangle test 

 

This study aimed to provide a reference for discussion whether the company will continue to 

use the current method or replace it with a more accurate and cost-time-efficient method. 
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4.2 Methods of analysis 

Analyzing discrimination tests results can be done using two different models: the guessing 

model and the Thurstonian model. The guessing model is more commonly used because of 

its simplicity requiring only simple calculation and the results are easy to understand and 

interpret. The Thurstonian model is known for producing more precise results, but it is more 

difficult to understand and interpret. Although the two models use different approaches, 

Worch and Delcher (2013) were able to present a practical guideline for users in applying 

both models for analyzing the results. 

1. Guessing model 

The individual scores of the respondents in any discrimination tests are recorded as binary 

results: a correct answer scores 1 and a wrong answer scores 0. Individual scores are not 

used, but the total number of correct answers instead. The proportion of the total number 

of correct answers, Pc computed in relation to the total number of responses received is 

shown in Equation 1. 

Equation 1 

 

A first way to analyze the data from a discrimination test is by estimating the proportion of 

discriminators, PD using the guessing model (Meilgaard et al., 2006, pp. 63–65). This model 

assumes that the panel of assessors can be divided into two subgroups of assessors: the 

discriminators and the guessers. 

The guessing model requires only simple calculations and is easy to understand and 

interpret. The proportion of discriminators, PD can be computed using the proportion 

correct, PC and the proportion of guessers, PG as shown in Eq. (2): 
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Equation 2 

 

PG depends on the guessing probability of the method in use. The proportion of 

discriminators and the proportion of correct answers are linearly linked (Ennis, 1993). 

2. Thurstonian model 

A second way to analyze PC uses the signal detection theory first introduced by Thurstone 

(1927). The Thurstonian approach converts the total correct answers into an estimate of the 

sensory difference called d-prime, d’. Although the computation involved in this model is not 

straightforward, Worch & Delcher (2013) succeeded in explaining the theory behind this 

approach: “When two products are compared, the distance between the two products is 

measured by the parameter δ, which is the distance between the means of the 

corresponding perceptual distributions, weighed by the inverse of the standard deviation of 

the perceptual distributions. Thus, δ is the signal-to-noise ratio”. 

Figure 15. shows that two products are easily distinguishable if the corresponding 

distributions are so distant that they are not overlapping (a). Similarly, two products are 

confusable if the corresponding distributions are overlapping (b). The more the distributions 

overlap, the more the products are confusable. 

Figure 15. The degree of difference between products, δ 
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Worch & Delcher (2013) provided an excellent summary of the comparison between the two 

models as shown in Table 3. 

Table 3. Advantages and drawbacks of the Guessing and Thurstonian models 

 Guessing model Thurstonian model 

Calculations Easy models based on the 
assumption that the subjects 
are either guessers or 
discriminators 

Advanced models based on 
assumption that the product 
perception follows a certain 
distribution (often defined as the 
normal distribution) 

Subject related Product related 

No need of a particular software Necessity of a specialized software 
providing d’ 

Parameter 
estimated 

PG d’ (statistical estimate of ) 

It corresponds to the true 
proportions of discriminators, 
i.e., the true proportions of 
subjects who perceive the 
difference between products 

It corresponds to the distance 
between the mean distributions 
representing the perception of the 
products, and weighted according 
to the perceptual noise (signal-to-
noise ratio) 

It is calculated using a linear 
relationship involving PC and PG 

Psychometric functions relating PC 

and  for each protocol 

Fixed 
protocol 

Powerful if well defined Powerful 

Across 
protocols 

Unstable (method-specific) Stable (not-method-specific) 

Interpretation Easy to interpret and 
communicate 

More difficult to interpret and 
communicate 

Existence of well-defined tables 
to help the users 

Currently, no well-established 
table exist to support the users 

The Thurstonian approach is recognized to be more stable across protocols than the 

guessing model, however it has been criticized due to the more complicated calculations 
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required (Lawless & Heymann, 2010). Moreover, the interpretation is less straightforward 

than for the guessing model.  

Further studies have explained how the complexity of calculating d′ is no longer an issue. A 

recent article by Christensen (2020) is published describing the statistical methodology for 

sensory discrimination testing and analysis, and how the analyses can be performed in R 

programming language using package sensR developed by Brockhoff and Christensen (2010). 

In the article by Ennis and Jesionka (2011) “The power of sensory discrimination methods 

revisited” (PSDM), the need for power considerations in the interpretation of testing results 

is clarified and series of sample size tables are provided for easy interpretation. Sample size 

is also known as the number of participants. 

Although these two models of data analysis and interpretation were interesting to 

investigate further and incorporate with this study, the limitation in time and resources did 

not allow some practical application with the company’s products. The reason why these 

models were included in the literature review was to bring out the possibility of considering 

these options in data analysis. More about this topic was discussed in several papers listed in 

the reference section (Brockhoff & Christensen, 2010; J. M. Ennis et al., 1998; Linander et al., 

2019; Thurstone, 1927; Worch & Delcher, 2013). 

5 Materials and methods 

This experiment tested and compared three different overall or unspecified discrimination 

testing methods in one session. One session means one product test using all three methods 

in series. The three test methods selected were the triangle test, the constant reference 

duo-trio test and the tetrad test. The justifications for choosing the selected methods for 

comparison were illustrated in detail in the Appendix section. All the reasons were based on 

the dissertation of Hout on measuring meaningful differences (2014) and the review made 

by Ennis and Jesionka (2011) on the power of sensory discrimination methods. Only few of 

the main product categories were selected to represent the wide range of product varieties 

due to the limitations imposed by the pandemic. In sensory discrimination testing, two 
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products or two versions of the same product are compared and evaluated for the presence 

of perceivable differences. For a product to qualify to a discrimination test, the degree and 

quality of the observed difference must be very small, that the two products or versions of 

the product can be mistakenly interchanged. 

All the three selected methods were tested in a controlled laboratory condition using a 

sensory evaluation software called RedJade (RedJade Sensory Solutions, n.d.). The test 

implementation was conducted according to the strict standards of each method used 

(ASTM E3009-15e1, 2015; ISO 4120:2021, 2021; ISO 6658:2017, 2017; ISO 10399:2017, 

2017). The samples used as stimuli were actual products of the company currently 

undergoing modifications. By using actual products as test samples, the test implementation 

was cost-effective as the results of the triangle tests were utilized to support the business 

decision making on whether to go ahead with the product modification or not. The three 

methods were tested using different product group samples both from dairy and non-dairy 

products. The duration of all the laboratory tests were initially planned to take 

approximately about two to three months, but the current restrictions held by the pandemic 

extended the time needed to conduct all the experiments as remote working was 

implemented in the company. The testing schedules were dependent on the test requests of 

the project groups and the availability of the products. A total of six different products were 

tested within the six-month duration of this experiment from the end of November 2020 to 

the end of May 2021. 

Data analyses were executed simultaneously after each product’s tests as reports were 

communicated to the project group within the agreed deadline. Results were automatedly 

analyzed by the software Red Jade. Results in each test were compared to provide a 

discussion and conclusion on the applicability of each three methods using different product 

types. 

5.1 Methods 

As defined in the limitations of this study, only unspecified or overall discrimination tests 

were compared. Among the unspecified difference testing methods, only three were 
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selected for comparison: triangle, constant reference duo-trio and tetrad. Each method was 

represented by a test series: triangle test series had three samples, duo-trio test series had a 

reference then two samples, and tetrad test series had four samples. All three methods were 

tested using the same product for comparison in a single session. All the test series were 

served in one tray. Each session consisted of the same product pair: control sample A and 

test sample B. One product pair was tested for difference using all the three methods 

selected for comparison. The test series included either the control sample A and its 

duplicate A’ or the modified sample B and its duplicate B’. Both samples and the test series 

were randomly arranged and balanced among the participants to insure equal distribution. 

In triangle test, the test series consisted of either two control (A, A’) or two test samples (B, 

B’). The tester must select the odd sample among the three. In duo-trio test, the series 

consisted of a constant reference (A), one control sample (A’) and one test sample (B). The 

tester must select the sample that matches the reference. The constant reference sample 

used in duo-trio test series was the current version of the product available in the market. In 

tetrad test, the series consisted of two control samples (A, A’) and two test samples (B, B’). 

The tester must sort and divide the samples into two groups based on similarities. Tables 4 

and 5 show the three methods selected and their test set-ups. 

Table 4. Selected discrimination testing methods for comparison 

Method  

(class of test) 

Number of 
samples in 
a series 

Number of 
possible order 
combination 

Possible sample 
arrangement 

Guessing 

probability, p 

Series 1. Triangle 
(oddity) 

3 6 AA’B, ABA’, 
BAA’, BB’A, 
BAB’, ABB’ 

1/3 

Series 2. Duo-trio 
(matching) 

Ref + 2 2 Ref A+AB,  

Ref A+BA 

1/2 

Series 3. Tetrad 
(sorting) 

4 6 AA’BB’, BB’AA’, 
ABA’B’, BAB’A’, 
ABB’A’, BAA’B’ 

1/3 
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Table 5. Amount of sample servings, cups and time needed in each method 

Method Amount of sample 
servings needed if 
n=number is 
participants 

Example if, n=20 
(50 ml or g 
/serving) 

Total amount of 
serving cups 
needed if n=20 

Estimated time 
needed for 
sample and test 
preparation, h 

Triangle sample A=n+1/2n 
sample B=n+1/2n 

A=30 servings, 
B=30 servings 

60 2 

Duo-trio sample A=n(ref)+n 
sample B=n 

A=40 servings, 
B=20 servings 

60 1 

Tetrad sample A=n+n 
sample B=n+n 

A=40 servings, 
B=40 servings 

80 2,5 

Duo-trio test uses the same sample number as the triangle test, but there are fewer possible 

sample arrangement combinations to prepare, thus making the test preparation easier, 

faster, less chances of making sample arrangement mistakes and more efficient. The 

reference sample only serving as a reminder where the two other samples are to be 

compared makes the discrimination task easier while inhibiting decision strategy changes 

among the participants. 

Tetrad on the other hand has been gaining popularity as a substitute to triangle test. Many 

companies are considering the switch from triangle to tetrad. Several studies (Bi, 2020; J. M. 

Ennis, 2012; J. M. Ennis et al., 1998; Garcia et al., 2012; Ishii et al., 2014; Sanderson, 2017; 

Theses & Carlisle, 2014) have investigated that tetrad test requires only a third of assessors 

compared to triangle test as it is more sensitive in detecting small differences among 

samples. However, the additional fourth sample contributed to longer times of sample 

preparation and evaluation. 

5.2 Products 

The product developers and researchers in Valio R&D were informed about this project as 

soon as the project plan has been approved. Since the R&D sensory laboratory routinely 

conducts internal triangle tests with the employees as participants, the incorporation of this 

study with the on-going projects were both cost and time effective. The products tested 
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were milk drink, fruit juice, cheese, two types of yogurts and a plant-based yogurt 

alternative (flavored oat gurt). The schedule of each session depended on the availability of 

the test samples and their necessity for a discrimination test. Upon the success of the 

product test runs in the production plant and the availability of the products to be tested, 

the project group evaluated the samples first and checked if the difference in sensory quality 

between them was relatively small and barely noticeable. Each product was tested using all 

the three methods in one session at a time during the six-month duration of this experiment. 

The test samples (B) used were modified versions of the current products available in the 

market (A). The types of modification varied among the samples: some underwent process 

change and some had ingredient substitution, addition, or reduction in amount. In one 

session, the participant evaluated a total of 10 samples. Due to the number of samples 

evaluated at the same time, all the participants performed only a single trial of each method 

in one session. The list of products, the modifications made, and the sensory descriptions 

from the project groups is shown in Table 6. below. The sensory characteristics described 

below were the project group’s evaluation, where some possible perceivable differences 

between the products could be detected by the participants. 

Table 6. List of products used as stimuli. 

Product category Product type Modification Control sample  

A and A’ 

Test sample  

B and B’ 

Drinks,  

dairy 

Milk process alteration for 
more efficient production 

neutral taste hint of sweeter 
taste 

Drinks,  

non-dairy 

Fresh fruit juice addition of an ingredient 
to improve nutritional 
value 

slightly lighter in 
color, sourer in 
taste 

darker in color and 
sweeter in taste 

Spoonable snacks,  

dairy 

Yogurt 1: Mild and 
one-flavor yogurt 
variant (simple) 

reformulation and 
ingredient substitute to 
improve taste 

milder taste, less 
full in flavor 

creamier taste, 
fuller flavor 

Yogurt 2: Intense 
and mixed flavors 
yogurt variant 
(complex) 

reformulation and 
ingredient substitute to 
improve taste 

lighter color, milder 
flavor 

slightly darker 
color, stronger 
flavor 

Spoonable snacks,  

non-dairy 

Fruit flavored oat-
based yogurt 
alternative (gurt) 

recipe modification to 
improve texture 

thicker texture and 
mouthfeel 

thinner texture and 
mouthfeel 

Ripened hard cheese, 
dairy 

Emmental new starters mix from a 
new supplier 

slightly stronger 
taste 

milder and sweet 
taste 
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5.3 Recruitment 

Once the sensory quality of the samples to be tested was confirmed by the project group, 

the internal recruitment for participants was launched. The recruitment was implemented 

using the online sensory software Red Jade, where an email invitation message was sent to 

all the company employees listed in the database. Internal recruitment was arranged in each 

product. Like all the routine recruitment organized by the R&D sensory lab, the invitation 

message contained all the details of the evaluation such as: 

• the product to be tested and possible allergens, 

• the available dates and times of testing, 

• the testing location, 

• the three methods to be used in the test including their short descriptions, 

• the total number of samples included in the testing session, and 

• the duration of the test session. 

The email invitation message was written in Finnish language. The difference tests were 

offered for two to four consecutive days in the same week to comply with the limitations on 

the number of persons allowed in the sensory lab at the same time. The participants were 

instructed to choose their schedules for the evaluation and to participate in one session 

only. A thirty-minute session was reserved for each participant even though the evaluation 

required only ten to fifteen minutes. 

5.4 Participants 

The participants recruited to the tests were R&D, business, and management employees, 

who have prior training and experience in performing the triangle test. The degree of 

experience and expertise in sensory evaluation varied among the participants. None of them 

performed the other two methods tested in this study before. 

Table 7. shows the participation of assessors in all six sessions. There were 42 different 

assessors recruited in total, but only five assessors have participated actively in five sessions. 
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Some have partaken in several sessions and some just participated once. None have 

participated in all six sessions. About 60 % of the total number of assessors (N=42) 

participated in only one or two sessions. 

Table 7. Participation of assessors in all six sessions. 

Number of sessions participated Number of participants % Participation 

5 5 12 % 

4 4 10 % 

3 8 19 % 

2 13 31 % 

1 12 29 % 

Each test session had different set of participants as shown in Table 8. The correct answers 

in each session were counted collectively. Individual performance of each participant was 

not evaluated separately. Recruited participants were those who reserved a testing time, 

while unscheduled participants were those who did not have a reserved testing time but 

voluntarily came to do the test. There were also cancellations on participation due to 

inability to come to the test in person. 

Table 8. Number of assessors who participated in each session 

 Milk Juice Cheese Yogurt 1 Yogurt 2 Gurt 

Recruited participants 17 16 20 17 18 15 

Unscheduled participants 3 1 3 8 3 1 

Cancelled participation due to 
absence 

1 1  1 1  

Total participants, N 19 16 23 24 20 16 

There is an existing challenge of recruiting the desired number of participants in any internal 

sensory tests not only in the company but in other FMCG companies as well, but the current 

pandemic has made this challenge more difficult to overcome. The employees were 

restricted on coming to work as the remote way of working was implemented, so the 

number of participants were lower than expected. The restrictions also did not make 

external testing possible for the same tests to be conducted outside the company, with non-
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employees as assessors. It was initially planned to conduct at least one external test with 

HAMK university students as assessors, but students were also restricted to come to classes 

in person. Safety precautions were observed during all the test implementations. The 

number of assessors in the testing locations at the same time was limited to provide a safe 

distance between the assessors during the evaluation. 

5.5 Location 

The sensory evaluation took placed in two centralized and controlled testing locations: the 

sensory lab for the R&D personnel and the testing area in the main building for the business 

and management personnel. The R&D sensory lab has 10 individual booths, and the main 

building’s testing area has two. Due to the restrictions implemented in accordance with the 

pandemic, the participation in the testing locations were limited: only two assessors were 

allowed to come to the lab and only one to the main building’s testing area in every 30 

minutes. The participants were instructed to avoid eating or drinking strong tasting foods 

and drinks at least half an hour prior to their test schedules. Upon arrival to the testing 

location, each participant took a sample tray from the refrigerator, proceeded to the testing 

booth, then performed the evaluation independently using the computer with Red Jade’s 

online questionnaire. After the evaluation, the participants were offered and allowed to take 

a small snack from the compensation refrigerator. The compensation snacks available varied 

from the company’s own products like yogurts, smoothies, puddings, quarks, and ice creams. 

5.6 Samples 

Samples tested were current products available in the market undergoing recipe or process 

modification that required verification on perceptible difference. None of the tested samples 

were prepared or bought only for the purpose of this study. The types of products used as 

samples are listed in Table 9. Each product was tested using the three difference test 

methods in one testing session. Each participant was served with three series of samples on 

a tray: one series represented one difference test method. The arrangement of both the 

samples and the test series were randomly served and balanced among the participants. In 

total, each participant tasted and evaluated all the ten samples on the serving tray and 
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performed three difference tests in one session. As the total number of samples presented 

reached the maximum number of samples for discrimination testing in one session, no 

duplicate sessions were performed to minimize tasting fatigue. 

Table 9. Number of samples to be evaluated in each difference test series 

Product type Number of samples in test series Total number of 
samples in one 

session 
triangle duo-trio tetrad 

Milk 3 Ref+2 4 10 

Fruit juice 3 Ref+2 4 10 

Yogurt 1: simple 3 Ref+2 4 10 

Yogurt 2: complex 3 Ref+2 4 10 

Gurt: oat-based 3 Ref+2 4 10 

Cheese 3 Ref+2 4 10 

On the day of the test, samples were portioned uniformly to the number-coded cups. An 

example of how the samples were coded is shown in Table 10. The amount portioned to 

each coded cups were 50 ml for drinkable samples, 50 g for spoonable samples and two to 

three pieces of bite-sized cubes for cheese sample. 

Table 10. An example of given number codes to milk samples in each series 

MILK TRIANGLE DUO-TRIO TETRAD 

Control sample, 
current version of 
the product 

129 223 REF-942 524 514 845 

Test sample, 
modified version of 
the product 

331 413  736 687 792 

The samples were arranged into three series based on the design block created by the 

sensory software Red Jade. An example of a design block is shown in Table 11. The triangle 

test series had three samples, duo-trio test series had three samples, one of which was the 
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reference, and tetrad test series had four samples. Both the samples and the series were 

randomly arranged and balanced among the participants. Each serving tray containing a 

total of ten samples was given a tray number to identify the corresponding sample serving 

arrangement. The participant code was the same as the sample tray number. The 

participants evaluated anonymously and identified to the test using their respective tray 

numbers. The blue codes were the triangle test series, the green codes were the duo-trio 

series, and the orange codes were the tetrad test series. Series 1 was arranged in the front 

row of the sample tray and the first test series to be evaluated, then Series 3 was the third 

row in the sample tray to be evaluated last. 

The serving temperatures of each product varied on the recommended sample presentation 

mentioned in the company’s internal sensory evaluation handbook. Milk samples were 

evaluated at 8-10 °C, fruit juice and cheese samples at 12-14 °C, and spoonable snacks 

yogurt and gurt samples at 6-8 °C. Milk and spoonable snack samples were stored and 

evaluated at lower temperatures compared to the suggested sample serving temperatures 

at 14 °C and 10 °C respectively. This precaution was done to prevent possible sample 

spoilage, since the samples were prepared in the morning and were stored for the whole day 

evaluation. 
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Table 11. An example of the design block showing the sample serving arrangements in each 

series.  

DESIGN BLOCK - SAMPLE SERVING ARRANGEMENT  

Participant Code Series1 Series2 Series3 

1 129,331,413 687,792,514,845 942,736,524 

2 129,331,223 942,524,736 514,845,687,792 

3 942,736,524 514,687,792,845 331,129,413 

4 687,514,845,792 942,524,736 129,223,331 

5 687,514,792,845 331,129,223 942,736,524 

6 942,524,736 331,413,129 514,687,845,792 

7 942,736,524 514,687,792,845 129,331,223 

8 331,129,413 942,524,736 687,792,514,845 

9 331,413,129 514,687,845,792 942,524,736 

10 942,736,524 129,223,331 687,514,845,792 

11 514,845,687,792 129,331,413 942,736,524 

12 687,514,79,845 942,524,736 331,129,223 

13 331,129,223 942,524,736 514,687,792,845 

14 687,514,792,845 331,129,413 942,736,524 

15 942,736,524 687,792,514,845 129,331,413 

16 129,223,331 942,524,736 514,845,687,792 

17 687,514,845,792 129,331,223 942,524,736 

18 942,736,524 514,687,845,792 331,413,129 

An example of a sample tray is shown in Figure 16. Tray number 10 had duo-trio test as the 

first series and tetrad test was the last series. Sample A is the current version and sample B is 

the modified version. The picture shows how the samples are randomly distributed in each 

series. Codes A and B also reveals the correct answers in each series: the participant must 
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choose sample 524 as the sample that matches the reference (duo-trio), sample 331 as the 

odd sample among the three (triangle) and sorted samples 687 and 792 together in one 

group (tetrad). The participants did not have any prior information which sample codes were 

the reference (A) and which ones were the test sample (B). Pictures of the sample trays 

presented in each product were included in Appendix 6. 

Figure 16. An example of the milk’s sample tray. 

 

5.7 Test questionnaire 

The evaluations were performed independently by the participants. On the first page of the 

questionnaire, the participants were informed about discrimination test in general and what 

are the other methods available aside from triangle test. Then, the second page described 

the three methods to be compared and performed during the session and how do they differ 

from each other. This allowed them to prepare for the actual evaluation. After the 

information pages, the three difference test series followed and were performed at random 

orders by the participants. In between the test series was a mandatory one-minute break for 

palate cleanse with water and in some cases with unsalted crackers as well. Table 12 

describes the instructions in each method, but the exact questionnaire used throughout the 

experiment is included in the Appendix section. 
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Table 12. Steps in the evaluation part 

Questionnaire 
part 

Description 

Info page  Definition of discrimination tests in general 

Description of the three selected methods to be performed during the session 

Difference tests Triangle:  

Choose the most different/odd sample. (Oddity) 

Constant reference duo-trio:  

Match sample to the reference. (Matching) 

Tetrad:  

Sort into two groups based on similarities. (Sorting) 

Degree of 
difference  

State the degree of difference (DoD) between the samples using the scale: 

1=no difference  

2=small, just noticeable difference 

3=clear difference,  

4=very clear difference 

If DoD >0, How are the samples different? Open comments 

Method 
comparison 

Duo-trio/Tetrad vs. Triangle 

What do you think about performing duo-trio/tetrad test compared to the 
triangle test?  

1=a lot easier than triangle (+ open comments),  

2=slightly easier than triangle (+ open comments), 

3=as easy as/as difficult as,  

4=slightly more difficult than triangle (+ open comments), 

5=a lot more difficult than triangle (+ open comments) 

Background  Gender and age group 

Feedback Revealing the correct answers for training purposes + optional retasting, then 
participant’s overall feedback (optional) 

As an extension of the basic difference test, a four-point scale degree of difference question 

was included to give the project group more information on the nature of the products’ 

differences. The scale used were 0=no difference, 1=small, just noticeable difference, 

2=clear difference, and 3=very clear difference. Those who noticed the difference were 

asked to describe how the samples differ from one another. This extension of difference 

testing provided important information to the project group especially when the samples 

were perceived as different. The extended difference test for all the three methods were 
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performed by participants with milk and juice samples. For the rest of the samples, the 

degree of difference question was asked only in triangle test to minimize the evaluation 

tasks of the participants. 

After the three difference test series were performed, participants were then asked to rate 

the difficulty or easiness of performing the two other methods compared to triangle test. A 

five-point scale was used for method comparison: 1=a lot easier than triangle test, 2=slightly 

easier than the triangle test, 3=as easy or as hard as the triangle test, 4=slightly more 

difficult than the triangle test, and 5=a lot more difficult than the triangle test. The sample 

codes and the correct answers to each series were revealed to the participants after the test 

session to allow them to check their answers. Revealing the answers to the participants after 

the test and allowing them to practice with their samples again was found to be useful as a 

part of individual training for detection of small differences. This practice allows the 

assessors to develop and improve the evaluation performance in the future. Personal 

background details were also gathered such as gender and age group. At the end, they were 

also allowed to give optional feedback about the products or the test itself. 

5.8 Data collection 

Data was gathered simultaneously in RedJade as the test progressed. Live results were 

available to the test organizers through the sensory software, making the evaluation process 

easy to follow. Table 13 is an example of the data collected along with the topline analysis 

results. 
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Table 13. An example of a data sheet with topline results 

 

5.9 Data analysis 

As described in the methods description earlier, the number of correct responses were 

counted in total. The individual scores were not directly of interest. Those who answered 

incorrectly were not counted. The minimum numbers of correct responses to reject the null 

hypothesis of ‘no difference’ at the selected significance level according to the total number 

of assessors, ‘n’ in each method were provided in Table 14. The values in the table were 

derived from the sensory methodology standards (ASTM E3009-15e1, 2015; ISO 4120:2021, 

2021; ISO 10399:2017, 2017). If the total number of correct responses is equal to or greater 

than the minimum number of correct responses required to establish significant difference, 

the null hypothesis that the two products are perceived as similar will be rejected. Since 
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statistical tables were made available, results can easily be interpreted even without using a 

separate statistical software. Using a sensory software like Red Jade, provided statistical 

analysis to obtain the exact p -values for comparison. As defined prior to the test, the 

significance level of p = 0,05 was set, which was a common standard used in food industry. 

With the computed values of p, the results were also compared to match the results from 

the statistical significance tables. If p-value is equal or less than 0,05 the perceived difference 

was statistically significant but when p- value is greater than 0,05 the perceived difference 

between the two samples was not significant. Additional data analyses were performed with 

Microsoft Excel to explore the different variable relations. 

Table 14. Minimum number of correct responses needed to establish significance at 

probability level of 5 % for duo-trio, triangle, and tetrad tests 

 

n triangle duo-trio tetrad

3 - - 3

4 - - 4

5 4 - 4

6 5 6 5

7 5 7 5

8 6 7 6

9 6 8 6

10 7 9 7

11 7 9 7

12 8 10 8

13 8 10 8

14 9 11 9

15 9 12 9

16 9 12 9

17 10 13 10

18 10 13 10

19 11 14 11

20 11 15 11

21 12 15 12

22 12 15 12

23 12 16 12

24 13 17 13

α = 0,05
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6 Results and discussion 

Only the results of the three difference tests and the methods comparison will be presented 

and discussed in this section. The results from the degree of difference questions were 

presented in the Appendix section, as it was not included in all the three methods tested 

using all the products. 

6.1 Milk 

Figure 17 shows that among 19 assessors only 5, 8 and 7 answered correctly in triangle, duo-

trio, and tetrad tests respectively. All the methods produced the same results with a p-value 

of greater than 0,05. Reference milk A and test milk B do not have a statistically significant 

difference in sensory qualities using all the three methods. Referring to the statistical table, 

the minimum number of correct answers needed to establish significant difference in 

triangle and in tetrad tests is 11 and in duo-trio test is 14, if the panel size is 19 (N=19). Since 

the minimum number of correct responses was not met in all the three methods, there was 

no significant evidence that sensory difference exists between the two milk samples. 

Therefore, the process change was not perceivable. 

Figure 17. Results of discrimination tests with milk samples 

 

The methods comparison rating in milk was different from the rest of the products (Figure 

18). The scores were rated in a 15-point line scale: scores less than 7,5 = easier than triangle 

test, score 7,5 = as easy or as difficult as the triangle test, and scores greater than 7,5 = more 

difficult than the triangle test. With milk samples (n=19), duo-trio was rated slightly easier 

(7,0) than triangle, and tetrad was slightly harder (8,7) compared to triangle test. Based on 
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the feedbacks given by the participants, the scale was difficult to use as the two methods 

were new to them, so the scale was simplified and narrowed down to a five-point scale for 

the rest of the sessions. 

Figure 18. Method comparison’s results - Milk 

 

Assessors were also asked to explain their answers if they chose easier or more difficult than 

triangle test as shown in Table 15. Those who rated duo-trio as easier than triangle (N=4) 

commented that the reference sample was helpful, and it was easier to focus on choosing 

the correct answer between two samples. However, some said that duo-trio was harder to 

perform than the triangle test (N=3) due to the small differences between the two samples. 

The new method’s instructions where samples were to be compared to a reference sample 

was difficult. Three assessors rated tetrad as easier than triangle with a comment that 

pairing the samples into two groups gave a confirmation on the choice of difference rather 

than choosing just one odd sample in triangle test. However, more assessors rated tetrad as 

more difficult to perform than triangle test (N=7) due to having more samples to evaluate. 

Table 15. Method comparison’s open comments - Milk 
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6.2 Juice 

Results in Figure 19 shows that among 16 assessors 12, 10 and 11 answered correctly in 

triangle, duo-trio, and tetrad respectively. The minimum number of correct answers needed 

to establish significant difference in triangle and in tetrad tests is 9 and in duo-trio test is 12, 

if the panel size is 16 (N=16). The minimum number of correct answers was not met only in 

duo-trio test. Reference juice A and test juice B do have a statistically significant difference in 

sensory qualities using triangle and tetrad methods. However, duo-trio test did not produce 

the same results. Since there was significant evidence that sensory difference exists between 

juice A and juice B using the triangle and tetrad tests, the addition of a value-added 

ingredient was perceivable. The conclusion communicated to the project group that 

perceptible difference exists was based on the current method used in the company, which 

is the triangle test. 

Figure 19.Results of discrimination tests with juice samples 

 

Figure 20 shows the method comparison results in juice (N=16). In here, the scale was 

changed from a 15-point line scale to a five-point scale. This scale was used throughout the 

rest of the products in this experiment. The reason why the scale was changed was due to 

the feedback from the assessors. Using only a five-point scale, the comparison was simpler 

and the scale was easier to use. Scores from 1-2 were rated as easier, 3 was as easy or as 

difficult and 4-5 points were given if the method is more difficult than the triangle test. Duo-

trio was rated slightly easier (2,8) and tetrad was slightly harder (3,6) compared to triangle 

test. Although half of the assessors rated duo-trio as easy/as hard as the triangle test, a third 

said the method was easier but the rest said it was harder. In tetrad, about half also said the 

method is as easy/as hard, but the other half said it was harder than the triangle test. 
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Figure 20. Method comparison’s results - Juice 

 

As seen in Table 16, for five testers duo-trio was easier due to the availability of the 

reference sample. Two persons said it was harder than the triangle test but failed to justify 

their scores. Nobody scored tetrad as easier than triangle but seven assessors rated tetrad 

as more difficult due to more samples needed to evaluate. 

Table 16. Method comparison’s open comments - Juice 
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6.3 Yogurt 

Yogurt 1: mild and one-flavored variant (simple) 

Results in Figure 21 shows that among 24 assessors, almost half have answered correctly in 

all the tests, but only triangle test resulted with a p-value < 0,05. The minimum number of 

correct answers needed to establish significant difference in triangle and in tetrad tests is 13 

and in duo-trio test is 17, if the panel size is 24 (N=24). Reference yogurt 1 A and test yogurt 

1 B do have a statistically significant difference in sensory qualities using triangle test 

method (p<0,05). Both the tetrad and the duo-trio tests did not show an evidence of sensory 

difference (p>0,05). As a conclusion, there was a statistically significant evidence that 

difference exists between Yogurt 1 A and Yogurt 1 B in triangle test. In the contrary, tetrad 

and duo-trio tests’ correct answers were not enough to conclude that the sensory difference 

was noticeable. Since triangle test is the current method of use, the conclusion was made 

based on its results. 

Figure 21. Results of discrimination tests with yogurt 1 samples 

 

The method comparison in Figure 22 shows that using yogurt 1 (N=24), duo-trio was rated 

slightly easier (2,7) than triangle and tetrad was slightly harder (3,2) compared to triangle 

test. About one third of the assessors rated duo trio as easier and the rest rated as easy/as 

difficult as the triangle. With yogurt 1 as samples, tetrad versus triangle showed a more 

polarized results with some rated tetrad as harder but some said it was easier. While tetrad 

was more confusing than the duo-trio, almost half of the participants rated the method as 

the same as triangle test. No one rated duo-trio test as more difficult than triangle test. 



47 

 

Figure 22. Method comparison’s results - Yogurt 1 

 

When asked about their explanations summarized in Table 17, duo-trio being rated easier 

than triangle (N=7) was due to having only two test samples to choose from. The existence 

of reference sample was also an advantage. In tetrad, four testers said it was easier to group 

the samples into pairs. One also commented that tetrad was easier because it was the first 

series to be evaluated. To some testers (N=6), tetrad is more difficult because there were 

more samples to evaluate making it harder to decide which ones to group together.  

Table 17. Method comparison’s open comments - Yogurt 1 
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Yogurt 2: intense and mixed-flavored variant (complex) 

In Figure 23, among 20 assessors 6, 13 and 7 answered correctly in triangle, duo-trio, and 

tetrad respectively. The minimum number of correct answers needed to establish significant 

difference in triangle and in tetrad tests is 11 and in duo-trio test is 15, if the panel size is 20 

(N=20). The minimum number of correct answers was not met in in all three methods. 

Reference yogurt 2 A and test yogurt 2 B do not have a statistically significant difference in 

sensory qualities using all the three methods (p>0,05). As a conclusion, since there was no 

significant evidence that sensory difference exists between yogurt 2 A and yogurt 2 B in all 

the tests, the product reformulation was not perceivable. 

Figure 23. Results of discrimination tests with yogurt 2 samples 

 

In Figure 24, using yogurt 2 as samples (N=20) duo-trio was rated slightly easier (2,6) than 

triangle and tetrad was slightly harder (3,3) compared to triangle test. As observed in yogurt 

1, tetrad was also more polarized compared to duo-trio test. There were testers who rated 

tetrad as more difficult and to some tetrad was easier. Duo-trio on the other hand, was 

often rated as easier than triangle.  
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Figure 24. Method comparison’s results - Yogurt 2 

 

A summary of open comments in Table 18 shows that duo-trio was rated easier (N=7) due to 

the help of the reference sample. With tetrad, it was both rated easier (N=3) because of the 

seemingly easier task to choose similar samples and more difficult (N=7) due to more 

samples needed to evaluate. 

Table 18. Method comparison’s open comments - Yogurt 2 
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6.4 Plant-based yogurt alternative (gurt) 

Results in Figure 25 shows that among 16 assessors 6, 7 and 9 answered correctly in triangle, 

duo-trio, and tetrad tests respectively. The minimum number of correct answers needed to 

establish significant difference in triangle and in tetrad tests is 9 and in duo-trio test is 12, if 

the panel size is 16 (N=16). The minimum number of correct answers was met only in tetrad 

test. Reference gurt A and test gurt B do not have a statistically significant difference in 

sensory qualities using triangle and duo-trio tests (p>0,05). With tetrad test, sensory 

difference was perceived (p=0,05). As a conclusion, since there was no significant evidence 

that sensory difference exists between gurt A and gurt B (p>0,05) in the current method 

triangle and also in duo-trio, the reduction in amount of an ingredient was not perceivable. 

Figure 25. Results of discrimination tests with gurt samples 

 

The method comparison results in Figure 26 shows that with plant-based yogurt alternative 

as samples (N=16) duo-trio was rated slightly easier (2,9) and tetrad was rated slightly harder 

(3,1) compared to triangle test. Both tetrad and duo-trio tests were rated easier as well as 

more difficult than the triangle test. Almost one third of the participants rated tetrad as 

more difficult than triangle, but duo-trio was harder only to a tenth of the testers. Both 

methods were rated easier by one fifth of the total participants. 
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Figure 26. Method comparison’s results – Gurt 

 

Open comments in Table 19 shows why the methods were rated easier or harder than 

triangle test. Three testers rated duo-trio as easier than triangle due to the easier task of 

comparing to the reference sample while two testers said it was difficult to perform due to 

being used to triangle test and comparing to the reference sample as a task being hard. In 

tetrad, three testers said it was easier to group the samples into pairs while other three 

testers said it was difficult because there were more samples to taste. 

Table 19. Method comparison’s open comments - Gurt 
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6.5 Cheese 

Results in Figure 27 shows that among 23 assessors 10, 14 and 11 answered correctly in 

triangle, duo-trio, and tetrad respectively. The minimum number of correct answers needed 

to establish significant difference in triangle and in tetrad tests is 12 and in duo-trio test is 

16, if the panel size is 23 (N=23). The minimum number of correct answers was not met in all 

three methods. Reference cheese A and test cheese B do not have a statistically significant 

difference in sensory qualities using all the three methods (p>0,05). In conclusion, since 

there was no significant evidence that sensory difference exists between cheese A and 

cheese B in all tests, the replacement of an ingredient from a new supplier was not 

perceivable. 

Figure 27. Results of discrimination tests with cheese samples 

 

In method comparison using cheese samples (N=23) duo-trio was rated slightly easier (2,8) 

than triangle and tetrad was slightly harder (3,2) compared to triangle test. Although at least 

half of the testers rated both methods being as easy/as hard as the triangle, almost one in 

every four testers rated duo-trio being easier, while a third rated tetrad being harder to 

perform. 
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Figure 28. Method comparison’s results - Cheese 

 

The opinion of the testers regarding the degree of difficulty of both methods compared to 

triangle test was divided. Six testers told that duo-trio was easier because of the reference 

sample but six testers also told that tetrad was harder due to the number of samples to be 

tasted. There were comments on why duo-trio was harder (N=2) but the explanations were 

confusing as both were neither related to the method being rated nor the scores given for 

comparison. Tetrad test while involving an additional sample was still rated easier than 

triangle (N=3) because the task of searching for two pairs seemed to be easier. 

Table 20. Method comparison’s open comments - Cheese 
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6.6 Summary 

As the null hypothesis that the products are close enough to be perceived as similar, the 

chance that the assessors will return a correct answer is equal to the guessing probability of 

the method used for evaluation. If the probability of gaining the correct responses is greater 

than the guessing probability, the null hypothesis will then be rejected and the products will 

be concluded to be perceptibly different. The results of three difference test methods 

performed simultaneously using different products are summarized in Table 21. 

Table 21. Results of the three difference tests methods 

 

All the three methods produced the same results of no significant difference (NSD) in 

products like milk, cheese, and mixed-flavored yogurt 2. On the contrary, a significant 

difference was observed only from triangle test in mild-flavored yogurt 1 samples. A 

significant difference result was also observed only from tetrad test in gurt samples. 

Meanwhile, both triangle and tetrad methods produced a significant difference result in 

juice samples. The duo-trio tests failed to produce significant difference results in juice, 
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yogurt 1, and gurt. The sensitivity of each method in detecting perceivable differences based 

on the number of correct responses observed cannot be compared directly due to the higher 

probability of guessing in duo-trio test. Between triangle and tetrad test methods, although 

the difference in number of correct answers between the two was small, tetrad produced 

more correct answer in most of the products tested. 

Table 22. Summary of percent correct answers, p-values, and confidence levels 

 

The values of the minimum number of correct answers required to establish significant 

difference at the predetermined probability level of 5 % were obtained from the standards 

of each method. If the total number of correct responses is higher than the minimum 

number of correct responses required to establish significant difference (Tc ≥ x), sensory 

difference is perceived. If the computed p-value is equal to or less than 0,05 (p-value ≤ 0,05), 

the sensory difference is statistically significant. As the probability level was predetermined 

before the test, so as the confidence level of 95 % was allowed. The exact values of the 

confidence level were also computed by the sensory software. The results of juice, yogurt 1 

and gurt, where difference was perceived (p<0,05) were statistically significant at a 

confidence level of at least 95 %. 
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An illustration of all the percent correct values in each method with the computed p-values 

is illustrated in Figure 29. In gurt samples, only the tetrad test gathered the most correct 

answers that resulted in a p-value =0,05. In yogurt 1, the triangle test gathered the greatest 

number of correct answers reaching the p-value of < 0,05. Duo-trio test in yogurt 1 also had 

the same percent correct value but the method’s probability of guessing the correct answer 

by chance is 1/2. Therefore, there are more correct answers required for duo-trio test to 

meet the same significance level as the triangle test. For the juice samples, both triangle and 

tetrad reached high percent correct answers which were enough to establish significant 

difference between samples at p-values of < 0,05. 

Figure 29. Summary of all the percent correct answers and computed p-values 

 

All the methods with the encircled p-values of equal to or less than 0,05 were considered to 

establish an evidence that the difference exists between two samples. In difference testing, 

the null hypothesis was that sample A is perceived as the same as sample B (H0: A=B) if p > 

0,05. As an alternative hypothesis sample A is perceived different from sample B (Ha: A≠B) if 

p ≤ 0,05. Results showed that the three methods did not consistently produce the same 

range of p values in all the tested product types. On the other hand, all the three methods 

can be used as a substitute for one another when using milk, cheese, and mixed-flavored 

yogurts as the observed p values of greater than 0,05 were consistent. Meanwhile, all the 

remaining products’ results were not consistent making it difficult to decide which method is 

more appropriate than the other. 
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Figure 30 shows the comparison of two methods to triangle test according to the easiness or 

difficulty of performing the tests. Duo-trio test was more often described by the participants 

as easier to perform than triangle test compared to tetrad test. Tetrad test on the other 

hand was more often described by the participants as more difficult to perform than triangle 

test compared to duo-trio test. There were several situations where tetrad was described as 

easier due to the confirmation of choice provided by the fourth sample. In all the sessions at 

least half of the participants have rated the two new possible methods being as easy or as 

difficult as the triangle test. This was a good indication that changing or at least alternating 

the currently used method with other methods was not a bad idea at all. Participants also 

left some feedback on how they felt about the series of tests. Some found it hard to perform 

and some found the tests to be interesting and useful (Appendix 4). 

Figure 30. Duo-trio vs. triangle and tetrad vs. triangle 

 

Serving three series of discrimination tests in one session was expected to result in sensory 

fatigue. Figure 31 shows how serving positions influenced the percent correct answers in 

each test method. As speculated, the discrimination ability of a tester will decrease by the 

time the last series was evaluated. The graph in Figure 31 failed to prove the speculation 

that the percent correct decreases as the serving position of the test series progresses. Not 

all of the first series tests have the highest percent correct and not all of the third series 

tests’ percent correct answers were the lowest. Results have shown that the one-minute 

break in between sample series evaluation was useful. Although tetrad test’s comments 

when compared to triangle test were mostly negative due to the addition of a fourth sample, 
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the percent correct results of tetrad tests showed otherwise instead. The percent correct 

achieved in tetrad tests were not very low compared to the triangle test. However as a 

logical result, tetrad served as the last series produced the least percent of correct answers. 

Figure 31. Effects of series serving position to percent correct results 

 

Additional analyses were made to provide more information on the results. The illustrations 

on these results-were presented later in the Appendix section. 

Number of total correct answers vs. day of test 

Since the tests were offered in several consecutive days in a week, the effect of the test days 

was also checked. The number of participants in each day varied among the tests, so a direct 

relation between the day of the week and the number of correct answers produced was not 

found. 

Number of total correct answers vs. time of day 

The same comparison was done between the number of correct answers in relation to the 

time of the day (AM vs. PM). An interesting observation was found, that more correct 

answers were gathered from the evaluation performed in the daytime (AM) compared to 

the afternoon (PM).  
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Number of individual correct answers vs. time duration of the test 

Another additional analysis was made to compare the number of correct answers an 

assessor has made in relation to the time used in performing the test. In one session the 

maximum number of correct answers a participant can get was three. There was no direct 

relation between time duration and total correct answers in the case of milk and yogurt 

samples. This means using more time in the evaluation did not necessarily mean better 

performance in difference test. Some found the difference in all the three series in yogurt 

samples at the four-minute evaluation time. The difference in performance level among the 

participants can be based on either the nature of the samples’ sensory difference or the 

level of expertise and experience in performing the sensory evaluation of the product to be 

tested. However, when evaluating cheese and juice samples, the more the participant took 

time to perform the test, the more correct answers were produced. On the contrary, with 

gurt samples the longer the time of evaluation, the lower the number of correct answers 

achieved. 

7 Conclusion and recommendations 

This study has shown that triangle test is not irreplaceable, it is not always the best option 

nor the only method of choice for overall difference testing. The method was found to be 

prone to errors. It is not a one size-fits-all type of method that should always be chosen 

whenever a difference test implementation is necessary. There are number of other factors 

to be considered when deciding on the appropriate difference testing method: the number 

of samples available, the nature and degree of difference between the samples, the 

timetable of the research, the number of recruited participants, the consistency of the test 

instructions, the complexity of sample preparation, the difficulty of the discrimination task 

and the simplicity of communicating the test results. 

Attribute-specified discrimination test is a good choice of method to consider whenever the 

sensory characteristic of concern is identified. Although a change in recipe or processing 

does not affect a single attribute only, the method is suitable if the objective of the study 

can be narrowed down specifically to determine the difference only in the attribute of 
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concern. With a clear objective on proving that the change will make the product less sweet 

as an example, directional difference testing methods like the n-alternative forced choice (2-

AFC or 3-AFC) will help produce better results. As a recommendation by Ennis and Jesionka 

(1993; 2011), the 2-AFC is the best option for an attribute specified difference testing, as 

additional number of samples will just create variations in sensory perception affected by 

fatigue, memory, and adaptation. 

For unspecified or overall difference testing, the methods involving more than four samples 

are considered not practical in many ways. The selected methods constant reference duo-

trio and tetrad tests were both good alternatives to triangle test at least according to the 

product types tested in this experiment. Results showed that triangle, constant reference 

duo-trio and tetrad tests can be used alternatively when the food type to be evaluated is 

milk, cheese, or mixed-flavored yogurt. Duo-trio test provided equally significant and reliable 

results, while only lesser number of samples were required. Tetrad test also provided 

equally significant and reliable results, while providing the assessors more confidence in 

their answers with the presence of the fourth sample as a confirmation. Referring to the 

tables of minimum number of correct responses required to establish significant differences, 

triangle test requires at least five participants, duo-trio test’s minimum participant is six, but 

the tetrad test’s significance can be proven even with only three participants. With the 

statistical table as a tool, difference test can be conducted using tetrad with fewer 

participants compared to triangle test. 

However, when testing for difference in juice, one-flavored yogurt, and dairy-free yogurt 

alternative samples the results gained were not consistent. In juice samples, triangle and 

tetrad methods were more sensitive in determining sensory difference than duo-trio test. In 

one-flavored yogurt samples, a significant difference was observed only in the triangle test 

and not in duo-trio test nor tetrad test. In dairy-free yogurt alternative samples, duo-trio and 

triangle test produced no significant difference in contrast to the tetrad test. 

The triangle test’s main advantage to the company is familiarity, as it has been used for a 

long period of time. With many years of experience in organizing triangle tests, this method 

seemed to be theoretically simple, fast, and easy to implement. Results were also easy to 
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interpret with the use of the readily available statistical tables. For the assessors, with many 

years of practice in performing triangle tests, executing the discrimination task is also fast 

and easy. As assessors get accustomed to the same method over the years, it was observed 

that performing the discrimination task becomes less efficient. This is because the assessors 

already know what to expect from the samples, they know exactly what to do, so they tend 

to perform the triangle test as fast as they can. Asking the assessors to match the samples in 

duo-trio test or to sort the samples into two groups in tetrad test instead of always asking 

them to choose the odd sample, stimulated their cognitive decision strategy positively. The 

assessors gave positive feedbacks that performing the two new methods was interesting, 

challenging, but fun. 

The advantage of constant reference duo-trio test is that the samples needed are less than 

the triangle test. The reminder of the reference also aids in more stable decision strategy in 

the assessors’ point of view. With a reference sample to match and only two test samples to 

evaluate, duo-trio is easier to perform by the participants. This was proven by the results of 

method comparison in easiness or difficulty ratings given by the participants. Initially, duo-

trio test was expected to be a lot easier than the triangle, but the results revealed that it was 

just a little bit easier and mostly as easy or as difficult as the triangle test. The same difficulty 

rating as the triangle might be affected by the fact that the method was new to the assessors 

and they are less confident in performing the discrimination task. Nevertheless, organizing 

duo-trio test is faster and easier while requiring a smaller number of products and involves 

fewer possible sequence arrangements leading to less sequence variation effect. The only 

disadvantage of this method is the higher guessing probability (p=1/2), which means more 

participants are needed and a higher number of correct responses is required. 

Tetrad test was recently found to be more statistically powerful than triangle and duo-trio 

tests. It is a new testing method and has been a popular substitute to triangle test. Brewery 

and alcoholic beverage companies were among the first to replace triangle with tetrad test. 

Many companies are also considering the switch to tetrad test. The recommended number 

of participants were often less than a third of those for the triangle test, making this method 

a better choice for internal difference testing. However, the addition of the fourth sample, 

while having the same guessing probability of 1/3 as the triangle test is weighing down the 
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advantages of this method. It is logical to think that the fourth sample will cause more 

sensory fatigue when testing strong tasting samples, but the results acquired from this 

experiment showed otherwise. In method comparison, it was expected that tetrad will be a 

lot more difficult to perform than the triangle due to the addition of the fourth sample. 

Although participants’ comments on the difficulty of tetrad confirmed the sensory fatigue 

caused by the fourth sample, the average rating of tetrad’s difficulty was the same level as 

the triangle test. Also, the number of correct answers gained from the tetrad test series was 

mostly higher compared to triangle test. 

The total number of assessors who participated in each test session were insufficient, that 

concluding a complete replacement of the triangle test does not have a strong basis. There 

are pros and cons in triangle test, but it is still a valid method for testing sensory difference. 

Triangle test should not be replaced completely, but other methods will provide alternative 

options depending on product type and degree of difference. Instead, a table of different 

discrimination testing methods with their advantages and disadvantages according to the 

updated ISO and ASTM standards were made for the company for internal reference. 

Alternatively using these three methods will be a good option to consider in the future, as 

the assessors start being accustomed to the routinely used triangle test. Using alternative 

methods will provide training to the internal panel of assessors that will eventually develop 

their sensory discrimination skills. This study served as a useful learning experience for the 

employees to practice performing and understanding different discrimination testing 

methods themselves. This study provided an understanding on recent developments on 

discrimination tests and a series of practice on performing alternative methods, that will be 

possible options for the company’s difference testing in the future. 

A table of recommended sample size (number of participants) required to achieve a certain 

level of significance and power was made available for use (J. M. Ennis & Jesionka, 2011). By 

referring to the table, the number of participants needed to assess the samples can be 

defined depending on the parameters set for data analysis. A deeper understanding on the 

Thurstonian model for data analysis and its application will be a helpful tool in gaining more 

confidence in the discrimination testing results. This is an interesting topic to dig deeper as 

the next step of this study. 
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Appendix 1: Justifications on method selection for comparison 

Selection of duo-trio testing method 

Reason 1 based on (van Hout, 2014, p. 20) 

 

Reason 2 based on (van Hout, 2014, p. 22) 
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Reason 3 based on (van Hout, 2014, p. 23) 

 

Reason 4 based on (van Hout, 2014, p. 25) 
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Selection of tetrad testing method 

Reason 5 based on (J. M. Ennis & Jesionka, 2011, p. 378) 

 

Reason 6 based on (J. M. Ennis & Jesionka, 2011, p. 377) 
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Appendix 2: Test questionnaire 
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Appendix 3. Additional results 

A. Degree of difference  
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B: Number of total correct responses vs. day of test 
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C. Number of total correct responses vs. time of day 
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D. Number of individual’s correct responses vs. time used in performing the test 
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Appendix 4. Overall feedback 
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Appendix 5. Participant background 
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Appendix 6. Sample tray pictures 
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