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A B S T R A C T   

With input from oral keynote and plenary presentations at the 14th Pangborn Sensory Science Symposium in 
2021, a historical timeline and selective summary of sensory and consumer science is presented. The develop-
ment of the field is traced to the present time across three time periods: Period 1) an early period spanning from 
the 1940s to the 1970s focused on sensory evaluation; Period 2) the 1980s and 1990s, which saw the further 
development of sensory science, the growth of a connection with consumer research, and a rapid expansion of 
the topics that interested the field; and Period 3) from the 2000s onwards, with the emergence of new tech-
nologies and the movement beyond a dependence on liking in the study of products. Across periods, 18 topic 
areas were selected: 1) hedonics and food acceptance, 2) discrimination testing, 3) chemical senses, psycho-
physics and scaling, 4) descriptive profiling by trained assessors, 5) temporal methods, 6) sensory drivers of 
liking, 7) rapid methods, 8) contextual factors, 9) health, 10) the young and the elderly, 11) cross-cultural 
research, 12) psychographics, 13) expectations, 14) extrinsic product factors, 15) emotions, 16) “beyond 
liking” and sub-conscious measures, 17) wellbeing, and 18) social media and big data. Loosely, the topic areas 
are presented in “period chronological order” with topics starting earlier in the timeline of Sensory-Consumer 
Science being presented first. Throughout its existence, the field of Sensory-Consumer Science has been char-
acterized by a combination of more basic academic research and more applied commercial research, with much 
of the method development pushed by the need to describe, differentiate and develop products, and then to 
research the effects of those products on consumers. The field has also been characterized by an emphasis on 
quantitative approaches. The paper concludes with a presentation of several continuing and emerging issues 
within Sensory-Consumer Science.   

1. Introduction1 

This paper presents a history of the field of Sensory-Consumer Sci-
ence going back about one hundred years. This is not a conventional 
history, done by historians, but rather an account of significant research 
based on the literature, the experiences of the authors, and the advice of 
senior colleagues in academia and industry (Part 1 of Supplementary 
Material details this input, including its key features and how it was 
obtained). 

The paper is structured in three parts. First, we identify three time 

periods of development – 1940s to 1970s (Period 1), 1980s to 1990s 
(Period 2), and 2000s to 2020s (Period 3). Section 2 highlights key as-
pects of each of these time periods and serves to identify them as, 
respectively, Period 1) the foundation/early period, Period 2) the for-
malisation / rapid expansion period, and Period 3) the consolidation/ 
current period. The largest portion of the paper – Sections 3.1 to 3.18 – is 
dedicated to the presentation of 18 domain topics (listed below, with 
section numbers in brackets) and their evolution across the time periods. 
Loosely, the topic areas are presented in “period chronological order” 
with topics starting earlier in the timeline of Sensory-Consumer Science 
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being presented first. The 18 topics are not exhaustive for the field of 
Sensory-Consumer Research. Rather, the paper is limited to these topics 
because that is where the most agreement among experts was found, and 
because of length restrictions. Section 4 presents the final part of the 
paper, where, with a starting point in the timeline of developments, we 
identify issues that are relevant for the field today. In discussing these 
we also raise questions for the future and identify research directions 
that, in our opinion, deserve more attention, including the need to define 
what Sensory-Consumer Science is / is not.  

• Hedonics and food acceptance (3.1)  
• Discrimination testing (3.2)  
• Chemical senses, psychophysics, and scaling (3.3)  
• Descriptive profiling by trained assessors (3.4)  
• Temporal methods (3.5)  
• Sensory drivers of liking (3.6)  
• Rapid methods (3.7)  
• Contextual factors (3.8)  
• Health (3.9)  
• The young and the elderly (3.10)  
• Cross-cultural research (3.11)  
• Psychographics (3.12)  
• Expectations (3.13)  
• Extrinsic product factors (3.14)  
• Emotions (3.15)  
• “Beyond liking” and sub-conscious measures (3.16)  
• Wellbeing (3.17)  
• Social media and big data (3.18) 

It is important to point out that the paper is not intended as a regular 
review of literature. Rather, while summarizing developments within 
topics, classical references, review papers and/or key empirical studies 
are cited to give readers a starting point for immersion. Readers may also 
be interested in contributions from other authors who include aspects of 
the history of Sensory-Consumer Science (Tuorila & Monteleone, 2009) 
or present historical reviews (e.g., Heymann, 2019; Cardello, 2020; 
Moskowitz, 2022). 

2. Overview of developments by period 

We have considered the history of Sensory-Consumer Science as 
divided into the three periods, rather than one continuous development. 
In looking at what happened at various points in the development of 
Sensory-Consumer Science it appears that research and practice fell into 
periods of development, when some parts of the field were dominant, 
and most of the work in certain topics focused on those. This is not to 
claim that more limited work within topics did not precede this period, 
or that later work did not follow up on this work. Periods of development 
are used here to emphasize the main topics and methods during these 
periods. Offering the history without the use of periods would reduce the 
educational value in our opinion. 

2.1. Key aspects of Period 1: 1940s to 1970s 

In the period from 1940s to 1970s, most foundations were laid for the 
future development of the field, and several built on earlier work 
(reviewed by Heymann (2019) and Moskowitz (2022)), including those 
in psychophysics and chemical senses. As early as the 1930s (e.g., 
Woodworth & Schlosberg, 1938), textbooks in psychology included 
chapters on the basic senses and extensive sections on psychophysical 
methods, including thresholds and just noticeable differences (JND). 
Work before this period took place and can be regarded as foundational 
and underpinned the formal emergence of the field. 

Methodology for analytical sensory testing (labelled “Sensory Eval-
uation 1” by O’Mahony, 1995) and acceptability testing (part of “Sen-
sory Evaluation 2”, O’Mahony, 1995) was developed and applied in 

product research. With some exceptions (e.g., Schutz & Ortega, 1974) 
consumer research beyond sensory and acceptability testing was not 
integrated until Period 2. During Period 1 (before 1980), if consumer or 
market research took place, this was typically the responsibility of 
marketing departments, which were usually separate from sensory 
groups, a pattern that was to continue for a long time. In Period 1, 
important methodological innovations relating to work with consumers 
also originated in marketing, such as preference mapping (Carroll, 
1972) and conjoint analysis (Green & Srinivasan, 1978). The above view 
of this early period of sensory science is largely reflected in the definition 
given by Heymann (2019, p. 203): “…sensory science involves the 
harnessing of psychophysics and psychometrics, discrimination testing, 
consumer sensory testing, descriptive analysis, and statistics to evaluate 
human beings’ sensory experiences.” However, it is worth noting that 
consumer sensory testing is mentioned, and this inclusion in the defi-
nition of sensory science is emphasized by others also, including 
O’Mahony (1995) and Muñoz (2003). 

During the 1940s, research was ongoing in the Institute of Food 
Research in Shinfield (Reading, UK) (Thomson, 1988) and in the US 
Army Laboratory in Chicago (Meiselman & Schutz, 2003). The Chicago 
laboratory was started in 1944, and in 1949 David Peryam was hired 
from the Seagram’s company to head the Food Acceptance Laboratory. 
Heymann (2019) gives Peryam the credit for moving sensory research to 
the consumer sphere. The US Army Laboratory of Food Acceptance 
moved to Natick (Massachusetts) in 1964, and in the 1960s Linda Bar-
toshuk, Howard Moskowitz and Herbert Meiselman joined the labora-
tory. The 1950s and 1960s saw a growth of sensory research and scaling 
research carried out in universities in the U.S.A. and Europe (e.g., Ohloff 
& Thomas, 1971), and in some companies (e.g., Arthur D. Little, General 
Foods). Elsewhere, work was also ongoing; examples from Period 1 by 
authors from Germany and Israel are included in Thomson (1988). 

The importance of chemical senses research to our health and well- 
being (with a focus on biological/physiological aspects) was also 
recognized during Period 1 with the foundation of the Monell Chemical 
Senses Center in 1968 in Philadelphia (USA). Research on phenomena 
such as anosmia, adaptation, habituation, learning, and association gave 
important understanding not only related to health but also to the design 
of protocols for sensory testing. For example, adaptation remains an 
important consideration in the design of all sensory experiments in 
olfaction (see Cometto-Muniz and Cain (1995) for a review). 

Rose Marie Pangborn began her career at UC Davis (USA) in 1955. 
She is credited as being the foremost pioneer in the field. Her contri-
butions to the field included the development of a training program 
within Food Science, and as a proponent of sensory evaluation at con-
ferences and seminars world-wide. She trained some of the top pro-
fessionals in the field, who have continued her work. Summarizing her 
career, Drewnowski (1993) noted that her published research included 
innovative work on (1) the use of complex stimuli in sensory evaluation 
studies rather than using simple aqueous solutions, (2) the study of in-
dividual differences in sensory and hedonic responses, and (3) the study 
of attitudes and beliefs as potential determinants of food acceptance. 
The Pangborn Sensory Science Symposium was named in her honor, 
shortly after her early death at age 58 (Krogh, 1990). Befitting her in-
ternational standing, the first meeting was held in Finland, where she 
was an honorary doctor at the University of Helsinki (Tuorila & 
Hyvönen, 1993). 

2.2. Key aspects of Period 2: 1980s to 1990s 

During the 1980s and 1990s the field transformed into a broader 
Sensory-Consumer field. At the beginning of Period 2, an interest in 
consumers beyond a product focus linked to sensory properties and 
acceptability was largely absent (Cardello, 2020). Connecting to con-
sumers had generally been left to marketing, but this now changed and 
during the 1980s research increased on a broad range of topics including 
context or environment, attitudes, and health. There was the start of an 
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understanding that where Sensory-Consumer research is carried out -the 
laboratory or a more natural setting - can have major effects on results. 
There was research on consumer attitudes before, during and after 
product exposure and consumption (e.g., Rozin, 1980; Rozin & Fallon, 
1981). 

The breadth of research on attitude effects continued to grow during 
Period 3 until the present time. While nutrition/health-related topics 
had been of earlier interest (for example in relation to individual dif-
ferences (e.g., Pangborn & Giovanni (1984)), the health field now 
received expanded attention, aimed at both increasing health and 
decreasing the effects of disease. Again, the health interest continued 
into Period 3. During the 1990s some of these topics expanded, and 
newer issues and methods received attention, including expectations, 
neophobia, cross-cultural testing, and multisensory or cross-modal 
research (Calvert et al., 2004; Piqueras-Fiszman & Spence, 2016). 
These and other developments changed the field, although it mostly 
continued to be called Sensory Science or Sensory Evaluation. 

According to several experts who were active in the field during 
Period 2 (1980s and 1990s), sensory analysis became more accepted in 
commercial settings (e.g., Pecore & Kellen, 2002; Moskowitz, 2022). By 
the end of Period 2, sensory evaluation was more integrated into product 
development and quality control, and there was widespread use of 
descriptive sensory panels, and interest in clustering/segmentation 
methods, sensory drivers of liking and rapid methods of sensory testing. 

During this period procedural changes occurred in the field with 
increased attention paid to privacy and other ethical issues. Many 
countries adopted one of the versions of the Declaration of Helsinki 
(World Medical Association, 2013), and with this as a cornerstone 
document on human research ethics, many universities and private 
companies developed Institutional Review Boards (IRBs) to examine and 
oversee research protocols. 

2.3. Key aspects of Period 3: 2000s to 2020s 

The third phase of development of Sensory-Consumer research oc-
cupies the period beginning in 2000 and continues today. The field has 
broadened tremendously since its early focus on sensory, and the ter-
minology Sensory-Consumer Science is now the norm. Tuorila and 
Monteleone (2009) counted the references to the words “sensory,” 
“consumer,” or both of these in their 2009 review paper of papers 
published in 1993 to 2007. The word “sensory” was stable across these 
years and had the greatest frequency; the word “consumer” increased, as 
did the use of “sensory-consumer”. 

The expansion in industry has continued in Period 3, but there are 
also discussions about what the role of Sensory-Consumer science should 
be relative to marketing / marketing research and how partnerships are 
best formed to benefit commercial activities (e.g., Muñoz, 2003). 

One of the key features during Period 3 (2000s onwards) has been 
the move from a focus on hedonic measurement of products (liking) to 
“beyond liking”, where hedonic product evaluation is coupled with 
other product responses/perception beyond liking, including concep-
tualizations, attitudes, emotions, situational appropriateness, and 
wellness. 

There has been a major influence of issues occurring outside our 
field, but with strong influence on it. The impact of searching for more 
sustainable solutions has affected products, their packaging, and dis-
tribution (Aschemann-Witzel et al., 2019). And the desire for sustain-
ability has urged all players to take a longer-term approach rather than a 
short-term perspective. The focus on sustainability, environment and 
health has led to a major increase in the calls for replacement of meat 
with meat alternatives and a general transition to more plant-based 
diets. Sensory factors remain very important for consumer acceptance 
and uptake of these novel products (e.g., Weinrich, 2019; Cardello et al., 
2022). 

Closer to the present time we have experienced probably the biggest 
impact on our lives in recent history with the arrival, and persistence of 

COVID-19. Our food and shopping have changed, and the options for 
conducting research have changed also. In-person testing, such as the 
laboratory or the central location test (CLT), has been challenged, and 
home testing has increased along with online testing. 

3. Timeline development of 18 selected topics of Sensory- 
Consumer Science 

3.1. Hedonics and food acceptance 

Work by 19th century psychophysicists (Fechner, von Helmholtz, 
Wundt) provided the foundations for the advances during Period 1 
(Stankus, 2008). It was during the 1930s when Beebe Center at Harvard 
University (USA) studied pleasantness-unpleasantness, and S. S. Stevens 
began his work also at Harvard on psychophysical scaling. 

One of the key developments in the measurement of hedonics was 
the development of the 9-point hedonic scale (from ‘dislike extremely’ to 
‘like extremely’) at the Army Chicago Laboratory by Peryam, Girardot 
and others, with consulting support from the University of Chicago 
(Thurstone, Jones and Bock). The work appears to have started as early 
as 1949; development and testing continued into the 1950s, with an 
often-cited paper by Peryam and Pilgrim (1957). For example, Jones 
et al. (1955) tested the meaning of 51 different phrases such as ‘like 
extremely’. Later research tested the ability of the hedonic scale to 
predict food choice and consumption (Pilgrim & Kamen, 1963), and 
more recently de Graaf et al. (2005) concluded that acceptance was 
indeed one of the factors predicting food intake. While best known for 
their descriptive profiling research, researchers at Arthur D. Little in 
Cambridge (Massachusetts, USA) were also working on measuring food 
acceptance (Crocker & Sjöström, 1948). 

Efforts to develop hedonic scales during Period 2 (1980s and 1990s) 
and Period 3 (2000 onwards) mean that many alternatives today exist to 
the 9-point scale (see Lim (2011) for a review). However, it remains the 
most widespread globally of all the hedonic scales, despite known 
problems, including the intervals on the scale not being equal, and its 
proneness to ceiling effects. Also, there are significant challenges in 
translating some of the scale anchors. Conversely, the 9-point hedonic 
scale’s popularity is probably linked to ease of use. 

Beyond Period 1, after the 1970s, developments in the area of he-
donics and food acceptance have led to guidelines for conducting he-
donic tests with consumers in a controlled location, for example, ISO 
11136 (2014) and in many textbooks. While the principles of good 
conduct have not changed in years, recommendations regarding the 
number of people to include in consumer testing have. In Period 1 before 
the 1980s, hedonic studies could include as few as 25–30 consumers, but 
currently the recommendation is that 100 or more people should take 
part (e.g., Hough et al., 2006). Furthermore, it is recommended that the 
number of participants be significantly increased if consumer segmen-
tation is performed, which increasingly is encouraged (e.g., Meiselman, 
2013). 

3.2. Discrimination testing 

One of the basic questions addressed in sensory research is, “Are 
these samples perceptibly different?” Although seemingly simple, an 
entire discipline in the field of sensory science, discrimination testing, 
has been developed to answer this question. The foundations of sensory 
discrimination testing (especially forced-choice methods) were laid in 
the 1940s and significant developments took place during the 1950s 
(Bengtsson & Helm, 1946; Peryam & Swartz, 1950). By the 1960s 
discrimination tests were widely used in quality control and product 
development. Much of the published literature dealt with comparisons 
of the statistical sensitivity of different test methods, such as Bradley 
(1963). Later, research shifted focus to modifications of the methods to 
improve discrimination. These included such things as serving warm-up 
samples and studying the effects of the order of the samples in, for 
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example, the triangle test (O’Mahony & Odbert, 1985). Applications of 
discrimination testing during Period 1 focused entirely on testing for a 
perceptible difference. In fact, during this early period, discrimination 
testing was called difference testing. 

Because of the commercial importance in product innovation and 
reformulation, discrimination testing continued to be researched 
beyond Period 1. A significant development occurred in discrimination 
testing during Period 2. The forced-choice methods (e.g., the triangle 
test and the duo-trio) were increasingly used to establish that no 
meaningful perceptible differences existed between the test samples – i. 
e., similarity testing (Meilgaard et al., 2016). Accompanying this change 
was the application of Thurstonian methods, with δ as a more robust 
metric for measuring the magnitude of the perceived difference between 
the samples, since it is theoretically invariant to the test method being 
used (e.g., Ennis, 1993). Interest in discrimination testing continues 
today, with an emphasis on making testing more efficient in terms of the 
numbers of assessors required to perform the evaluations, as evidenced 
by the increasing use of the tetrad and difference-from-control tests. 

3.3. Chemical senses, psychophysics, and scaling 

Fundamental research on the chemical senses, psychophysics and 
scaling was conducted in Period 1 (before 1980s), including by students 
of Carl Pfaffmann. Some of the topics that interested these early leaders 
in the field were psychophysical functions and physicochemical corre-
lates to define reliable ways of measuring perceived sensations. 

Throughout Period 1 (1940s-1970s), psychophysical measurements 
and sensory methodology advanced, including threshold testing 
(Blackwell, 1953) and magnitude estimation, which provided a precise 
approach to measuring perceived sensation in relation to a physical 
stimulus (Stevens, 1953). Labelled ratio line scales for measuring sen-
sory intensity and acceptability (Green et al., 1993; Schutz & Cardello, 
2001, Cardello, 2020) emerged later. During the 2000s (Period 3), 
concerns that labelled magnitude scales are challenging for consumers 
to use were voiced (e.g., Cardello & Jaeger, 2010), and at the present 
time it seems that some academics still use ratio scales while most 
applied researchers do not. Cardello (2020) questions whether the field 
is moving backwards rather than forward with respect to scaling 
methods. 

Statistical modeling of thresholds and stimulus–response curves 
grew in sophistication during Period 1. Several competing methods to 
measure thresholds were in popular use: Method of Limits, Method of 
Constant Stimuli, and the Adaptive Method (Green & Swets, 1966). In 
modeling stimulus–response relationships (i.e., the relationship between 
the concentration of an aroma or taste stimulus and its perceived in-
tensity), Fechner’s (1860) model, based on JNDs was supplanted by 
Steven’s Power Law (1960). Today, research on the fundamental re-
lationships between concentration and response continues, with 
increasing emphasis on the underlying physiology of the taste and ol-
factory systems (e.g., Auerbach, 2016). 

Greater precision in the delivery of sensory stimuli and dilution 
measurements have further advanced our understanding of the chemical 
senses beyond Period 1, and the sophistication of olfactometers has 
increased such that precise mixing of ingredients can be achieved in real 
time during consumer research experiments (e.g., Antenucci et al., 
2008). 

During Period 1 (before 1980s), the mechanisms of sensory percep-
tion of taste and olfaction stimuli were also studied. For taste, interest 
centered on whether perception was based on specific receptors or cross- 
fiber neural patterns (e.g., Pfaffmann, 1959; Erickson, 1968), while in 
olfaction, olfactory receptor recognition of specific molecular shape (e. 
g., Amoore, 1970) was debated alongside vibration theories (e.g., 
Wright, 1982). Receptor genes were confirmed as the molecular basis for 
olfaction (e.g., Buck & Axel, 1991) and later (Period 2) also for taste (e. 
g., Bufe et al., 2005). Sensitivity to PTC/PROP has been a topic of 
particular interest (see Bartoshuk (2000) for a psychophysical review) 

and the Sensory-Consumer Science community recognized the impor-
tance of this work (and more broadly of work relating to individual 
differences during a plenary session at the 11th Pangborn Sensory Sci-
ence Symposium in Sweden (Jaeger et al., 2017)). 

In the 1930s, at Harvard, S. S. Stevens began his work on scaling, 
which would have an impact on the field. His 1946 seminal article “On 
the theory of scales of measurement” (Stevens, 1946) described the 
characteristics and applications of four types of data with different 
measurement properties (nominal, ordinal, interval, and ratio), and 
formed the basis of different sensory scales. This began a long debate 
about which scales to use in sensory measurement (Engen & McBurney, 
1964; Moskowitz, 1974) and whether category and interval scales pro-
vide a true representation of sensory differences. This continues today, 
with the value and meaning of ratio scales being debated, and the 
enduring popularity of category scales because they are easy for par-
ticipants to use (e.g., Schifferstein, 2012; Yeung et al., 2021). Extending 
the method of paired comparisons (Thurstone, 1927), best-worst scaling 
(BWS) can produce a ratio scaling of objects (Louviere, Flynn & Marley, 
2015) and being scale-free, this approach has advantages in cross- 
cultural research. However, it is ill suited for research involving stim-
uli that are smelled or tasted (e.g., Jaeger, Jørgensen, Aaslyng, & Bredie, 
2008). 

3.4. Descriptive profiling by trained assessors 

In industry, specialists such as wine tasters, tea and coffee tasters, 
perfumers and flavorists were engaged in descriptive profiling before 
formal protocols and method development began. To minimize assessor 
subjectivity, methods for assessment and reference scales started to 
emerge in the 1920s and 1930s alongside questions about the accuracy 
and reliability of sensory measurements. Sweetman (1931) described 
inaccurate and unrefined methods as a strong handicap. By 1950, the 
need for more robust and comparative methods became pressing and 
prompted a conference on Sensory Methods for Measuring Differences in 
Food Quality. Its proceedings included a literature review thought to be 
among the first in the field (Dawson & Harris, 1951). 

Researchers at Arthur D. Little were the first to publish a paper 
suggesting a standardized method for flavor description, and their Fla-
vor Profile Method, initially presented in 1949, became one of the 
pioneer methods for modern sensory evaluation (Cairncross & Sjöström, 
1950). It used a consensus approach where vocabulary development and 
product rating happened as group discussions. During the 1960s, Elaine 
Skinner and Alina Szezesniak developed the Texture Profile method 
while working at General Foods (Szezesniak, 1975). Encompassing all 
sensory modalities, Quantitative Descriptive Analysis (QDA®) was 
introduced in the 1970s (Stone et al., 1974). This method relied on in-
dividual assessments, which as an important advancement, enabled 
statistical analysis. The Spectrum method from 1975 included stan-
dardized references and concentrated panel training, leading to mea-
surements that were “absolute” and made comparison of results from 
different studies possible (Muñoz & Civille, 1992). Heymann (2019) 
presents a review of developments in descriptive profiling by trained 
assessors. 

Collectively, the advances during Period 1 (1940 to 1970s) resulted 
in well-researched and peer-reviewed recommendations for descriptive 
sensory profiling. Contributions in later periods to descriptive sensory 
profiling include development of ISO standards (e.g., ISO 6658, 2017) 
and advances in statistical analysis (e.g., Næs, Brockhoff, & Tomic, 
2010), including tools for evaluating panel performance such as Pan-
elCheck. Recently there has been some debate about the need to obtain 
replicated evaluations from trained panelists when performing 
descriptive sensory analysis (e.g., Meyners, Carr & Hasted, 2020). The 
QDA and Spectrum methods remain in use today, particularly in in-
dustry. Less prescriptive variants of descriptive profiling appear to be 
more common in academic research, judging by the publication record. 
This resonates with Dijksterhuis and Byrne (2005) who note that 
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“sensory profiling” is a commonly used term but a name for a class of 
methods rather than a unique technique. 

Across the three periods of Sensory-Consumer Science, common 
commercial applications of descriptive sensory analysis have been in the 
realms of quality control, shelf-life testing and new product develop-
ment, including formulation changes or ingredient replacements. There 
has been an accompanying interest in the relationships among the sen-
sory properties of products, their formulae, production processes, and 
instrumentally measured characteristics. Important foundations to 
investigating this were laid in Period 1 (before 1980s) with new statis-
tical methods, including design of experiments (Gordon, 1965). 

3.5. Temporal methods 

Sensory perception of foods and beverages and of personal and home 
care products is a dynamic process, not a static phenomenon. This fact 
was recognized early on, as evidenced by the inclusion of “early, middle, 
and late” designations for the peak intensities of attributes in the Flavor 
Profile Method. Formal research on this topic dates to Period 1 (before 
1980s), and Cliff and Heymann (1993) noted that time-intensity (TI) 
evaluation had already been developing as a sensory methodology for 
some 40 years. Table 2 in Cliff and Heymann (1993) lists TI applications 
for bitterness, sourness, saltiness, astringency, irritation, flavor, and 
texture. By the end of Period 1, the manual way of recording data began 
to be replaced (Larson-Powers & Pangborn, 1978) and computerized 
systems emerged in the 1980s. In Period 2 (1980s and 1990s), TI data 
analysis and comparison with conventional sensory profiling also 
attracted attention (e.g., Lee & Pangborn, 1986). Towards the end of 
Period 2 and in Period 3 (2000 onwards), temporal methods became a 
broader field of research – see, for example, Dijksterhuis and Piggott 
(2000), Castura (2018), and Cardello (2020). 

Since TI always focuses on a single attribute, panellists must com-
plete additional rounds of TI to obtain measures for multiple sensory 
attributes. This makes data collection lengthy and costly. Partially in 
response, dual-attribute TI was introduced in 1997 (Duizer, Bloom & 
Findlay, 1997) and multi-attribute TI followed in 2013 (Kuesten, Bi & 
Feng, 2013). Noting an absence of papers using these techniques, 
concern has been raised about the method’s degree of difficulty for 
participants. 

Temporal Dominance of Sensations (TDS) enables simultaneous 
recording of several attributes dynamically over time, and methodo-
logically fits between conventional and static descriptive analysis for 
multiple sensory attributes and dynamic but uni-dimensional TI. The 
method was presented at the 5th Pangborn Symposium and has since 
been underpinned by extensive development including in the realm of 
data analysis (see, for example, Pineau & Schlich (2015) and (Schlich, 
2017)). Despite dominance being a complex construct that can be linked 
to more than a single aspect of sensory perception (Varela et al., 2018), 
TDS works well with consumers and has gained uptake with industry. 

Period 3 (2000 onwards) saw the introduction of temporal check-all- 
that-apply (CATA) questions (TCATA) (Castura et al., 2016), which has 
also been supported by methodological research and development of 
statistical tools for analysis (e.g., Meyners & Castura, 2018). More 
generally, the area of temporal methods has grown so large that books 
dedicated just to the topic of time-dependent measures of perception in 
sensory evaluation attract an audience (e.g., Hort, Kemp & Hollowood, 
2017). 

3.6. Sensory drivers of liking 

There was a large increase in the use of sophisticated statistical 
modelling tools in the 1980s and 1990s (Period 2), applied to the goal of 
connecting the sensory properties of products to their degree of 
acceptability among consumers. These methods were used to identify 
the sensory attributes that have the greatest impact on acceptance and to 
prioritize the opportunities for product improvements. The most widely 

used modelling tools were design of experiments (DOE) and preference 
mapping. 

Designed experiments, such as factor screening experiments, facto-
rial experiments, and optimization experiments, like response-surface 
methodology (Giovanni, 1983), were adapted from agricultural and 
industrial experimentation to be applied in Sensory-Consumer Science 
(Carr, 1989). With DOE, researchers can understand the impacts that 
systematic changes to the formula and process of a product have on the 
sensory properties of products (e.g., Schantz & Bowers, 1993) and on 
consumer acceptance (e.g., Hough et al., 1992). This information was 
often combined with other action standards like product cost and 
nutritional limits, to identify the most well-liked formula or process that 
fell within the desired cost or nutritional limits (Moskowitz, 1985). 

Preference mapping built on the work of Carroll (1972) to provide a 
rigorous basis for connecting the sensory properties of the products to 
how well they were liked by consumers. The most widely used prefer-
ence mapping approaches are external preference mapping (EPM) 
(Greenhoff & MacFie, 1994), extended internal preference mapping 
(IPM) (McEwan, 1996) and partial least squares (PLS) regression (Huon 
de Kermadec et al., 1997). In these approaches the sensory profiles of the 
products are submitted to a multivariate statistical analysis that locates 
the products in a sensory space defined by the intensities and in-
tercorrelations of the sensory attributes. The consumer acceptance of the 
products is related to the sensory attributes either as part of the mapping 
analysis (PLS) or in a subsequent, regression analysis (EPM). 

Two other methods that reveal the relationships between sensory 
attributes and acceptability, based only on consumer responses, 
emerged at the same time as the surge in the use of DOE and preference 
mapping. Just-About-Right (JAR) scales (Rothman & Parker, 2009) 
measure consumers’ perceptions of product attributes relative to their 
subjective ideals and are combined with overall liking to identify the 
consumer-perceived attributes that offer the greatest opportunities for 
product improvement. Ideal Profiling (Worch et al., 2013) directly col-
lects consumers’ self-reported ideal intensities for the sensory attributes 
studied. The intensities are compared with the perceived intensities of 
the test samples and their overall liking ratings, to identify opportunities 
for product improvement. With CATA (check-all-that-apply) questions 
(and variants hereof) gaining popularity in Period 3 (2000s onwards), 
these are now often used to identify the positive and negative drivers of 
product liking through penalty/lift analysis (Meyners, Castura, & Carr, 
2013). 

3.7. Rapid methods 

The term “rapid methods” covers a wide range of techniques that 
today are often used for sensory product characterization by consumers. 
One driver for their development, which largely happened in Period 2 
(1980s and 1990s), was the premise that trained sensory assessors are 
not representative of consumers and perceive sensory qualities in 
products differently from people at large. In turn, it was argued that 
research findings would have more relevance if products were profiled 
by consumers. The cost of developing and maintaining a well-trained 
descriptive panel relative to working with consumers was also said to 
drive the development, as were concerns that methods beyond tradi-
tional descriptive analysis were needed to fulfill different research 
objectives. 

Work in this area began before the term “rapid methods” gained a 
foothold in the field, and it was probably the need for methods beyond 
traditional descriptive methods that initially was most important, 
because of the interest in exploring individual differences in sensory 
perception. Free-choice profiling enabled this, and statistical advances 
facilitated data analysis. Other “rapid methods” like napping and pro-
jective mapping are also suitable for trained assessors but appear to be 
infrequently used. Multivariate statistical techniques, such as General-
ized Procrustes Analysis (GPA) (Gower, 1975) and Multiple Factor 
Analysis (MFA) (Escofier & Pagès, 2008) are commonly used to analyze, 
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interpret, and display the results of the data obtained from these 
methods. 

A review by Valentin et al. (2012) categorized rapid methods into 
three classes depending on the task performed by participants: verbal 
descriptions of products, measurement of between-product similarities 
and differences, and comparison of individual products with one or 
more references. A comprehensive book on rapid sensory profiling 
(Delarue, Lawlor & Rogeaux, 2015) covers the individual methods and 
highlights how their emergence from the starting point in the 1970s 
continued through the 1980s (e.g., free sorting), the 1990s (e.g., pro-
jective mapping), the 2000s (e.g., Napping®), and the 2010s (Polarized 
Sensory Profiling (PSP)). 

Rapid methods also include check-all-that-apply (CATA) and related 
questions, which deserve special mention because of the popularity they 
have gained. As a variant of multiple-choice questions, these types of 
question are not new or unique to Sensory-Consumer Science. Their 
ascendency in Period 3 (2000s onwards) was underpinned by extensive 
methodological research by Ares, Jaeger, and colleagues, and well- 
established statistical procedures (Meyners, Castura & Carr, 2013). 
The rate-all-that-apply (RATA) variant is favored by some because 
perceived intensity using a binary response format can only be measured 
indirectly, and because RATA data can be analyzed by parametric sta-
tistics (Meyners, Jaeger, & Ares, 2016). 

The term “rapid methods” is somewhat misleading. As a group of 
techniques, they are alternatives to descriptive sensory analysis 
(Delarue, 2015), and their application extends beyond sensory product 
characterization. CATA questions, for example, are used in emotion 
research and to measure perceived situational appropriateness; and 
projective mapping has been used to capture product perceptions linked 
to health and sustainability and for affective measurement. 

3.8. Contextual factors 

Context research can be traced to Period 1 (before 1980s), including 
Kamenetzky, Pilgrim and Schutz (1957), who for the US Armed Forces 
studied the relationship of consumption to preference under different 
field conditions. In Period 2 (1980s and 1990s), studies with soldiers 
eating military packaged rations were important for context research by 
showing that caloric intake was markedly higher and acceptance lower 
when identical foods were consumed in a cafeteria setting relative to a 
military field environment (for a review see Hirsch et al. (2005)). From 
that time situational context became an increasingly important topic in 
the field, characterized by many different research questions. For 
example, Bell et al. (1994) demonstrated that changing the environment 
(menu names, room decoration) without changing the food could in-
crease selection of ethnic food items and perceived ethnicity of the food. 
The different meanings of context terms (context situation, environ-
ment, setting, location) are discussed in Meiselman (2019). 

There has been a consistent interest in comparing liking for products 
in Central Location Tests (CLTs) and Home Use Tests (HUTs) usually 
reporting differences between the two, and higher liking in HUTs. Since 
the early and definitive studies of Boutrolle at al. (2005, 2007), this topic 
has received continued attention, with a burst of interest during the 
COVID-19 pandemic, and the inability to conduct CLTs (e.g., Niimi et al., 
2022). 

Acknowledging more explicitly that CLTs are “artificial” eating en-
vironments, some researchers began comparing food acceptability in 
different natural eating situations, such as universities, hospitals, and 
restaurants and bars (Meiselman, 1996). Period 3 saw some interest in 
immersive techniques (e.g., Sinesio et al., 2019) and evoking con-
sumption contexts in CLT settings to account for the importance of 
context (e.g., Hein et al., 2010). 

The contribution of Howard G. Schutz, who developed the item-by- 
use (IBU) method and pioneered measures of situational appropriate-
ness as an adjunct to acceptability testing was also instrumental in 
drawing attention to contextual factors (Rucker & Schutz, 1982; Schutz, 

1988). The fundamental premise is that even if a product is highly liked, 
it will not be consumed by consumers if it is regarded as lacking 
appropriateness for a certain eating situation. With the transition to 
“beyond liking” in Period 3 (2000s onwards), situational appropriate-
ness has remained relevant for product testing by consumers (Cardello, 
2020). 

Context research within the field has continued to expand (e.g., 
Jaeger & Porcherot, 2017; Meiselman, 2019; Cardello, 2020). The in-
fluence of context greatly expanded to cover a broad range of products. 
For those interested in food, there was increased interest in studying 
meals in context rather than just individual food products. especially 
studying foods as components of meals, which is how most foods are 
consumed (Meiselman, 2000). Various new technologies have also made 
an impact including the widespread adoption of smartphones, which 
permits researchers to study context without experimenters being pre-
sent and potentially biasing the test situation. Use of virtual reality (VR) 
is still evolving (Hartmann & Siegrist, 2019; Hehn et al., 2019). 

One continuing challenge is that research in the field means less 
experimental control than in the lab, which can be difficult to accept 
even if external validity is increased (Bellisle, 2019). Also, a challenge in 
studying different contexts is that often different people are in different 
contexts – i.e., it is a challenge to separate the effects of the context from 
the effects of the people residing in those contexts. 

3.9. Health 

Health has been an interest of Sensory-Consumer researchers since 
early times, to help to understand why people like or dislike certain 
products or to help to develop healthier products which people will eat. 

An area that has seen work for some time is product reformulation 
for better health. This can be traced back to Period 1 (1930s to 1970s) 
with reformulation to reduce sodium, and Period 2 (1980s and 1990s) 
saw work aimed at reducing sugar and fat, and to add fiber. In Period 3 
(2000 onwards), attention has focused on functional and organic prod-
ucts, as well as simpler ingredient labels. A review of 33 published 
product reformulations from 2000 to 2017 by Federici et al. (2019) 
shows studies dealing with sodium (20), sugar (5), fat (3), and multiple 
nutrients (5), but interestingly sodium still is a major focus of this work, 
and sodium reduction shows the biggest effects on health. Current in-
terest addresses a range of other products that can be described as “free- 
from” such as meat-free, gluten-free, sugar-free, lactose-free, and nut- 
free. De Graaf (2020) has studied the opposite of free-from foods, 
instead looking at the influence of texture, taste, and smell on nutrition, 
focusing on energy-dense foods that greatly affect energy intake. Con-
cerning texture, he noted that liquid and soft foods and energy-dense 
liquid and soft foods (for example, added sugar) both lead to over-
consumption. Taste, but not smell, serves as a nutrient-sensing system. 

While much health research has focused on diet, there is a record of 
long-term research on taste and smell disturbances. Duffy (2020) traces 
the modern history of taste and smell disturbances to a report from the 
National Institutes of Health in 1979. Smell disturbance is more common 
than taste, especially in old age (Murphy, 1986). 

3.10. The young and the elderly 

People at the two ends of the age continuum – the young and the 
elderly – have been studied extensively, although in the case of the 
elderly there is a scarcity of work on those aged 80 years and older. The 
two groups are jointly considered here because they share communal-
ities that influence why and how research is conducted, including 
cognitive functioning and reduced attention span (see Issanchou (2015) 
and Schwartz et al. (2018) for reviews). 

In the case of children, studies of food preferences and intake can be 
traced to the 1920s, and there is evidence of significant activity linked to 
nutritional monitoring and outcomes in Period 1 (see review by Hert-
zler, 1983). However, research by sensory scientists increased later (in 
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Period 2), including the interest in the sensory-based development of 
food preferences (e.g., Lawless, 1985; Rolls, 1988) and research on 
testing methods focused on specific age groups (e.g., Kroll, 1990). This 
work escalated into Period 3 with increasing age-group distinctions (e. 
g., Laureati et al., 2015) and topics such as the influence for food pref-
erences of food variety (e.g., Nicklaus, 2009) and flavour exposure in 
utero (e.g., Cooke & Fildes, 2011). Recent systematic reviews are widely 
available and can also be found in relation to the influence of extrinsic 
factors including advertising and product packaging on children’s diets, 
for example, Smith, Kelly, Yeatman and Boyland (2019), which includes 
some references to work before 2000. 

The interest by Sensory-Consumer researchers in methodology has 
extended to many parts of the field, including studies with children. 
Foods and beverages developed specifically for children, should be 
tested with children. Guinard (2000) and Popper and Kroll (2005) 
summarize how, building from the perspective that sensory and con-
sumer tests should take into account the broad range of sensory and 
cognitive abilities in the span between infancy and teen age. 

Loosely correlating with retirement age in many countries, 60–65 
years and older has often been regarded as “old,” even though a more 
nuanced grouping as seen with children has much merit, with distinc-
tions such as: young-old (65–74 years old); old-old (75–84 years old) 
and oldest-old (85 years and older) (Hetherington, 1998). However, as 
van der Zanden et al. (2014) point out, other segmentation bases are 
relevant including cognitive age, life course, demographics, general food 
beliefs, food choice motives, product attributes and benefits sought, and 
past purchases. 

Relationships between the chemical senses and aging was one of the 
early topics to be studied, with contributions by, for example, Susan 
Schiffman, Linda Bartoshuk, William Cain, and Richard Doty (e.g., 
Schiffman, Moss, & Erickson, 1976; Stevens, Bartoshuk, & Cain, 1984). 
Reviews appeared in Period 2 covering this work (e.g., Schiffman, 1993; 
Doty, 1989) and extending to the broadened scope of research such as 
appetite, hunger, and satiety (Rolls, 1993, 1999) and sensory enhance-
ments of foods for the elderly (Schiffman, 1998). This latter interest was 
linked to increased risk of poor nutritional status and connected to 
development of palatable products with specifically formulated taste, 
flavor, and texture. Empirical research has continued in Period 3 and 
included cross-cultural studies (e.g., Tuorila, 2015). Aligning with the 
broadening of the field, a perspective that considers physiological, 
cognitive, emotional, and sociocultural influences to be jointly under-
pinning food choice decisions has become evident (e.g., Spence & 
Youssef, 2021; Schwartz et al., 2018). 

3.11. Cross-cultural research 

The second period of Sensory-Consumer Science, especially the 
1990s, saw the development and growth of cross-cultural studies. In 
most studies conducted in this field, culture means nation, and cross- 
cultural studies usually compare two or more countries. Yet, culture is 
usually defined to mean groups sharing common values, so that different 
cultures can exist within one country, and different countries might 
share the same values. 

Generally, studies focus on one or more of three themes: (1) meth-
odological issues when conducting research in different countries; (2) 
issues related to cross-cultural differences in attitudes and behavior 
dealing with products, often foods and beverages; and (3) differences in 
responses to products. 

An example of activity in the methodological theme is the research 
showing cultural differences in peoples’ use of the 9-point hedonic scale 
(Chen et al., 1995; Yeh et al., 1998), which makes comparisons of he-
donic scores difficult. Scholderer (2010) discussed data handling in 
cross-cultural studies in the context of sensory and consumer research, 
drawing on important advances from the fields of Cross-Cultural Psy-
chology and Marketing, including cross-national measurement equiva-
lence (Steenkamp & Baumgartner, 1998). 

The second theme – cross-cultural differences in food-related atti-
tudes and behavior – has become widespread. For example, a study 
including all member countries of the European Union (EU) on attitudes 
to food and nutrition was reported by Lappalainen et al. (1998), and in 
work by Paul Rozin and colleagues (Rozin et al., 1999) several European 
countries, the United States, and Japan were compared. 

During Period 2 (1980s and 1990s), studies about cultural differ-
ences in responses to products also began to appear. Prescott and col-
leagues conducted a series of well-controlled studies comparing sensory 
and hedonic responses to model products among Australians and Jap-
anese (Prescott, 1998). Other studies were funded by the European 
Union or organized by the European Sensory Network (ESN). For 
example, Heidema and de Jong (1998) reported on an ESN study of 
coffee in five European countries, finding that both country differences 
and demographic differences contributed to the results. 

Cross-cultural research has continued to grow since the 1980s and 
1990s. Studies increasingly include more countries from more diverse 
parts of the world. Moskowitz, Muñoz and Gacula (2003) share expe-
riences and recommendations for international research, many of which 
remain relevant, and De Kock and Mademgne (2018) provide guidelines 
for designing consumer research studies in low-income countries. In-
terest in and awareness of methodological issues in cross-cultural sen-
sory and consumer research has increased (Ares, 2018), and may be 
leading to greater interest in scale-free methods (e.g., discrete choice 
modelling, best-worst scaling) and emoji, which some argue have 
largely culturally similar meanings. The widespread adoption of high- 
speed internet and smartphones is having an impact on cross-cultural 
research, increasing access to consumer samples in many parts of the 
world, while reducing empirical costs. 

3.12. Psychographics 

Along with the shift in Period 2 (1980s and 1990s) from Sensory to 
Sensory-Consumer Science, the development and application of psy-
chological measures to profile consumers increased psychographics’ 
focus on the attitudes, interests, personality, values, opinions, and life-
styles of consumers, and these measures extend demographic and socio- 
economic descriptors which were, and still are, despite their tremendous 
popularity (Symmank et al., 2017), failing to sufficiently explain het-
erogeneity among consumers. 

Some researchers applied psychographic scales which were devel-
oped by researchers in other fields (often marketing, psychology and 
nutrition) and were applied to product testing during Period 2, and other 
scales were newly developed. Examples of the former include sensation 
seeking, ethnocentrism, and dietary restraint; examples of the latter 
include the Food Neophobia scale (Pliner & Hobden, 1992) and the Food 
Choice Questionnaire (Steptoe, Pollard & Wardle, 1995). The latter 
questionnaire reflects the broadening view of what contributes to daily 
food choice and consumption. Many of its factors (health, mood, con-
venience, sensory appeal, natural content, price, weight control, famil-
iarity, and ethical concern) and those included in subsequent extensions 
(e.g., Lindeman & Väänänen, 2000) are among the 18 topics included in 
the present paper. 

Food neophobia also remains a very active research topic, extending 
to, for example, genetic determinants and systematic effects on con-
sumers’ food-related behaviors. Calls to revise Pliner and Hobden’s 
(1992) scale for global applicability and changing societal norms (e.g., 
Damsbo-Svendsen et al., 2017) are a good example of how Sensory- 
Consumer Science is evolving. Besides being theoretically relevant, 
food neophobia has turned out to be a relatively steady point of de-
parture to study responses to rapidly evolving and changing food 
markets. 

3.13. Expectations 

It is rather difficult to assign a date to the beginning of expectations 

H.L. Meiselman et al.                                                                                                                                                                                                                          



Food Quality and Preference 100 (2022) 104614

8

research in Sensory-Consumer Science. In 1994 (Period 2), Cardello 
wrote: “Expectations as a psychological construct has received no formal 
discussion and/or treatment in the sensory literature” (Cardello, 1994). 
Expectations had been the subject of research in the psychological 
literature, including applied research on “products” (Carlsmith & 
Aronson, 1963; Olson & Dover 1979; Oliver, 1977), but the psychology 
approach had not yet migrated to the sensory field. This began in the 
1990s (Period 2) with work in laboratories in different countries (e.g., 
Cardello, 1994; Schifferstein, 1996; Deliza & MacFie, 1996). 

The situation had changed by 2007 (Period 3) when Cardello wrote a 
chapter for MacFie’s edited book on consumer-led food product devel-
opment and said that “This chapter will focus on an important theo-
retical construct that links both intrinsic and extrinsic product factors to 
consumer needs and desires, to better predict product liking. That 
construct is consumer expectations” (Cardello, 2007). In the same 
chapter Cardello defines expectations as follows: “We can define an 
expectation as a belief that an object possesses a particular attribute or 
that a behavior will result in a particular consequence. Operationally we 
might define it in terms of the perceived probability or the anticipated 
magnitude of these attributes or consequences.”. 

Expectations continue to be a theme in Sensory-Consumer Science (e. 
g., Blackmore et al., 2021; Lee et al., 2021). Piqueras-Fiszman and 
Spence (2015) summarize the work in the field of expectations (see their 
Table 1 for a list of many of the research papers on expectations) and 
divide the literature into those papers studying: 1) names and sensory 
descriptions, 2) labels about production/growing processes, 3) health/ 
ingredient labels, and 4) ethnicity of the foods. A common theme in 
these papers is the study of confirmation/disconfirmation of the 
expectation created by naming or labeling products. 

3.14. Extrinsic product factors 

In product research, a distinction is often made between intrinsic and 
extrinsic product factors. Intrinsic factors include sensory, nutritive, and 
physical characteristics. Extrinsic product factors are also sometimes 
referred to as non-sensory factors (Jaeger, 2006). Both types of product 
factors feature in models of food acceptance/preferences and choice – 
either jointly (e.g., Randall & Sanjur, 1981) or separately (e.g., Khan, 
1981; Köster, 2009) – where they couple in complex relationships with 
“person” and “place” factors (Meiselman, 1996) to influence behavior. 

Factors considered to be extrinsic vary between authors, by product 
category and with the food-related behavior of interest (e.g., Jaeger, 
2006; Grunert, 2002; Köster, 2009; Li, Jervis, & Drake, 2015; Asioli 
et al., 2017), but generally price, brand, and packaging/labels are al-
ways considered to be part of this categorization. They are clearly linked 
to marketing and some of the early research also came from this domain, 
including a paper on the influence of beer brand identification on taste 
perception in Volume 1 of the Journal of Marketing Research (Allison & 
Uhl, 1964). 

While ‘extrinsic product factors’ is handy as a terminology in con-
ceptual models of food acceptance and choice, empirical studies tend to 
not use this generic term and instead specify which extrinsic factors are 
being studied (an example is a 1993 paper by Zata Vickers titled 
“Incorporating tasting into a conjoint analysis of taste, health claim, 
price and brand for purchasing strawberry yogurt”). This practice may 
wrongly give the impression that extrinsic factors are not an important 
topic of research. They very much are – and have been since Period 2 – as 
is evidenced by the frequent inclusion of price and various forms of 
product labels and claims in published research (e.g., Li, Jervis & Drake, 
2015; Ares & Varela, 2017). Conceptual advances have also continued 
into Period 3, for example, Grunert’s (2002) total food quality model 
where intrinsic and extrinsic product factors lead to quality expectations 
which shape purchase intentions, and Thomson (2010) who proposed 
“The 3 × 3 matrix.” The matrix comprises three primary elements of 
packaged goods: the product itself, the branding and the packaging. 
When these are combined with immediate liking, emotionality and 

functionality, a 9-cell matrix is formed which specifies an approach to 
product testing that is explicit about extrinsic product factors. 

Conjoint analysis, and more recently discrete choice experimenta-
tion, are popular methods in research that include extrinsic product 
factors (e.g., Vickers, 1993; Ardeshiri, & Rose, 2018) and enable direct 
estimation of the relative importance of these factors to intrinsic factors, 
and to other variables of interest, including those linked to person 
characteristics such as demographic, socio-economic, and/or psycho-
graphic variables. In the absence of other extrinsic factors, a higher 
priced product will be judged as higher in quality than the lower priced 
alternative (Oude Ophuis & Van Trijp, 1995). Regarding the direct in-
fluence of extrinsic factors on sensory drivers of liking, Li, Jervis and 
Drake (2015) recommend performing consumer taste tests that are 
balanced across blind (no information) and informed (extrinsic factors 
present) conditions to assess the effect of the information (e.g., price, 
brand). This makes tests larger and more complex, with consequences 
for costs. 

3.15. Emotions 

The study of emotion and affect has a long history and was already 
advanced during the 1930s (e.g., Woodworth & Schlosberg, 1938), but 
there was no relationship at that time to foods and other products. Some 
of the early interest in emotions was in the negative emotion of disgust 
(Rozin & Fallon, 1987; Rozin, 2015), the negative emotion most often 
studied in emotion research related to food and consumer products. 

During the 1990s (Period 2) fragrance houses were actively 
researching this area with a view to establishing methods of measuring 
and verifying emotional response to olfactory stimuli, but for corporate 
intellectual property reasons the work is not well reported. Exceptions 
include Warren and Warrenburg (1993), Herz and Chupchik (1992, 
1995), and Herz (1997). Papers discussing fragrance and emotion were 
also presented at the ESOMAR Fragrance Research Conference in 2003 
and at the first and second International Conferences on the Psychology 
of Perfume which took place in 1983 and 1991 (see Van Toller and Dodd 
(1988, 1992). 

At the 2008 EuroSense conference in Hamburg, Germany, three 
different methods of measuring emotion in a product context were 
presented, and for many Sensory-Consumer researchers this was the 
starting point of emotion research in the field (i.e., Period 3). The topic 
had not been included in earlier EuroSense or Pangborn conferences, 
and slightly after the Hamburg meeting, papers on emotion measure-
ment within the context of product evaluation started to appear and 
these publications increased over the next 5–10 years to become a major 
measurement consideration in product evaluation. 

The tremendous popularity of product-related emotions research can 
be linked to the theory that an emotional connection to a product is a 
strong driver of consumer loyalty or behavior in relation to that product 
which provides an alternative to the widely used hedonic measure 
(degree of liking/disliking). This is especially important since accept-
ability does not predict product success very well (Thomson, 2016: 
Thomson & Coates, 2021). Also, while liking is widely regarded as 
unidimensional, there are multiple dimensions of emotions (pleasure, 
arousal, dominance) and literally hundreds of emotion terms with which 
to examine sensory-consumer stimuli. 

Reviews of the emotion field including basic approaches, methodo-
logical considerations, and applications, can be found in the edited book 
on Emotion Measurement by Meiselman (2016, 2021). Also, some of the 
current issues in emotion measurement are explored in a series of papers 
in a 2021 Virtual Special Issue on Emotion in Food Quality and Preference. 

Among these is the explicit–implicit divide in methods used for 
emotion measurement. At the present time, self-report questionnaires 
are the preferred method of studying emotions (Schouteten, 2021; 
Cardello & Jaeger, 2021a), and many different questionnaires exist 
(Cardello & Jaeger, 2021b). There has been less interest in using 
intrinsic methods (e.g., physiological, facial) in product research (Lagast 
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et al., 2017; Kaneko et al., 2018), although they have a rich history (e.g., 
Moncrieff, 1962; Ekman & Friesen, 1978) and their uptake is supported 
by the fact that emotions exist on multiple dimensions. Future im-
provements in technology for implicit measures might improve their 
value for measuring emotions in Sensory-Consumer research and, in 
turn, facilitate a more complete and multi-faceted picture of product- 
evoked emotions. 

3.16. Beyond liking and sub-conscious measures 

Although the notion that acceptability of products presented “blind” 
(i.e., without packaging and brand information, and often in small 
servings) are poor predictors of marketplace success was not new (e.g., 
Schutz & Jaeger, 2010; Thomson, 2010), research that claims to go 
“beyond liking” has been gaining traction since the 2000s (Period 3). A 
single agreed definition of what “beyond liking” means does not appear 
to exist, but the term implies that a (conscious) rating of liking is 
insufficient to understand consumers’ product response and product 
performance. Thomson (2010) describes the need to capture product 
emotions and conceptualizations (incl. functionality), considering not 
only the immediate liking, but also brand and packaging. Drawing on 
earlier advances in the field, others take the approach of supplementing 
acceptability ratings with emotional, conceptual, attitudinal, health/ 
wellness-related and/or situational product responses. Doing so can 
improve behavioral prediction relative to using only liking scores, 
although the manner and degree seems to be study specific (Giacalone, 
Llobell & Jaeger, 2022). The most typical “beyond liking” combination 
of response measures is liking and emotions, but some authors combine 
three or more types of response variables (among those mentioned 
above) and/or also combine “beyond liking” and psychographic vari-
ables (e.g., Giacalone et al., 2013; Spinelli et al., 2019). 

Another stream of activity that reasonably classifies as “beyond 
liking” is perhaps better expressed as “beyond conscious,” and draws on 
Kahneman’s (2011) Type I and Type II distinction and the fact that 
people do not always behave in a rational way that can be reliably 
measured using self-report questionnaires. In Period 3 (2000s onwards), 
sensory and consumer scientists started to consider methods, already 
established in the psychological and physiological fields, that access 
subconscious aspects of behavior, including i) physical expression 
(typically facial or vocal) and behavioral methods (typically speed of 
response, including implicit association testing), and ii) physiological 
reactions, which measure activity of the autonomous/central nervous 
system (typically galvanic skin response and heart rate, but also elec-
troencephalography (EEG) and functional magnetic resonance imaging 
(fMRI)). A challenge regarding these methods is that no one-to-one 
relationship exists between an emotion and changes in the autonomic 
nervous system or between an emotion and physiological measures (e.g., 
Clark-Polner et al., 2017; Siegel et al., 2018; Barrett et al., 2019) and 
that a combination of measures is necessary to draw conclusions con-
cerning response behavior. Nonetheless, the belief that non-conscious 
measures add a level of understanding that cannot be accessed 
through explicit verbal methods has encouraged the growth in com-
mercial groups claiming to be able to measure behavioral, implicit, and 
physiological responses and (more crucially) interpret their meaning. 
The challenge in validating the predictions made by these measures still 
exists (Niedziela & Ambroze, 2021; de Wijk & Noldus, 2021). 

3.17. Wellbeing 

The continuing interest in health has been accompanied by an in-
terest in wellness and wellbeing (also spelt well-being; another term 
often seen is ‘quality of life’, QOL). While ‘health’ usually refers to 
objective measures of health (e.g., heart rate), ‘wellness’ refers to the 
subjective view of one’s health. It is usually described as being multi-
dimensional and one of those dimensions is emotion, making the work 
on emotions in Sensory-Consumer research a natural lead-in to studies of 

wellness. 
Wellness is relevant for Sensory-Consumer research because it deals 

with subjective measurement and is another outcome of consumption of 
food and other products. Meiselman (2016) reviewed the subject of 
wellness and wellbeing from the perspective of sensory and consumer 
research, and Ares et al. (2014) studied perception of what wellbeing 
means in the context of consumers and food. Sulmont-Rosse et al. (2019) 
discussed wellbeing from a cross-cultural perspective, based on the re-
sults of an online survey of 8325 people from 14 countries on five 
continents. 

It is important to keep in mind that the measurement of wellness is a 
very large field, with most of the field outside sensory-consumer 
research, dealing with both physical illness and mental illness. Many 
wellness scales have been developed for these applications, and Foster 
et al. (2011) have assembled large reviews of wellness measures. The 
World Health Organization (WHO) has worked extensively on meth-
odology for measuring quality (The WHOQOL Group, 1998), and these 
methods have been applied cross-culturally. 

3.18. Social media and big data 

User-generated content has been called the lifeblood of social media, 
and the text posts/comments, digital photographs and videos that peo-
ple create and share with each other can be analyzed for consumer in-
sights. In Food Quality and Preference, one of the early papers was by 
Vidal, Ares, Machín and Jaeger (2015), who analyzed tweets, and 
Twitter continues to be a data source in published research alongside 
online reviews, blogs, etc. (e.g., Danner & Menapace, 2020; Pindado & 
Barrena, 2021; Tian, Lu, & McIntosh, 2021). Companies can use social 
media for product insights and to guide product innovation (e.g., 
Christensen et al., 2017), and Hamilton and Lahne (2020) presented a 
sensory-specific application directed at descriptive lexicon develop-
ment. Social media sources for Sensory-Consumer research are outlined 
in Vidal, Ares and Jaeger (2018). Population sample bias and privacy 
protection are some of the new challenges that social media research 
brings. 

Because eating and drinking are popular topics on social media, 
many advances in this domain come from outside the field of Sensory- 
Consumer Science, including data analytics. Text data with millions of 
social media posts and/or online reviews can be accessed and the 
dominant quantitative orientation in the field will ease the transition to 
different analytical methods (e.g., natural language processing (NLP), 
sentiment analysis, machine learning) and different ways of working. 
For example, in text mining, data pre-processing is the most time- 
consuming aspect of the analysis, and decisions about how to process 
the data have a major influence on the findings (e.g., Jaeger & Ras-
mussen, 2021). Big data, a term used to describe high-volume data that 
generate rapidly and are diverse in terms of type, will hasten changes 
and drive towards uptake of machine learning and artificial Intelligence 
(AI). A recent review by Mariani, Perez-Vega & Wirtz (2021) on AI in 
marketing, consumer research and psychology gives useful definitions 
and theoretical perspectives and illustrates the exponentially growing 
contributions in the areas of machine learning and linguistic analysis; 
social media and text mining; social media content analytics; technology 
acceptance and adoption; big data and robots; and decision making and 
cognitive processes. 

Digital food marketing and social media can influence food choices, 
preferences, and consumption (see review by Granheim et al. (2022)), 
and effects on teenagers appear to have been studied most closely. There 
is interest in positive changes that social media can be used to bring 
about, for example, reducing food waste. 

4. Ongoing and emerging issues 

Drawing on the historical summary and topics presented above, we 
identify some ongoing and emerging issues that are relevant for the field 
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today and in the future. The themes running through all these issues 
reflect that, where the objective of research is to measure consumer 
response to a product (rather than perceivable properties at a more 
analytical level using highly trained panelists), then methods for prod-
uct research should reflect/represent: (1) who will test and use the 
products (representative samples, consumer segmentation); (2) where 
they will use them (representative locations); (3) what methods best 
allow us to predict product acceptance and consumption with these 
people in these settings (quantitative vs qualitative methods, implicit vs 
explicit methods); and (4) how broadly will the research reflect the at-
titudes and behaviors of consumers (global research)? Interestingly, 
many of these issues and controversies were previously discussed by 
Moskowitz, Muñoz and Gacula (2003), which point to their enduring 
relevance Sensory-Consumer Science. 

In addition to the specific issues presented below, a key emerging 
issue is that of ethics in Sensory-Consumer Science. The field will need 
serious discussion of sustainability, societal and ethical goals as it moves 
ahead, keeping in mind cultural differences and differences in opinion 
about what is preferred vs what is essential. 

4.1. Representative vs convenience samples; consumer segmentation; 
trained panelists 

Historically, the use of convenience samples in Sensory-Consumer 
research has been accepted. Our aspiration is that all researchers 
choose the type of sample that is best suited to achieving the aims of 
their research, not the sample which is most convenient. The biggest 
problem with non-representative samples is probably the use of student 
samples in academic research. 

Traditionally, key demographic and socio-economic information 
about participants – notably age, gender, and income – is collected to 
help explain differences in liking or other measures. Increasingly, psy-
chographics is added as a means of segmenting and profiling consumers. 
The question really should be which demographics and which psycho-
graphics should one focus on in a particular study, rather than auto-
matically relying on age, gender, and income, which might have no 
major bearing on responses to a specific stimulus. Another note is that if 
consumer segmentation is intended, then sample size should allow for it, 
since each segment needs a minimum number of people. With the 
growth of online studies, large samples are more often possible, making 
this goal easier to reach. Representative sampling becomes more of a 
challenge with qualitative research, which normally uses fewer 
respondents. 

A continuing question is who should carry out descriptive sensory 
profiling of products, expert trained panels or consumers? Perhaps we 
are now at the point where we will use the right panelists for specific 
tasks, rather than always selecting the trained or consumer panel. 
Whether to use trained sensory assessors or consumers depends on the 
objective of the test, the products, and the degree of precision and 
product differentiation needed. Thus, the need for trained sensory 
panels will remain, and we encourage that decisions about “who” and 
“how” in sensory profiling must be taken on a case-by-case basis. 

4.2. Creating a balance of lab-based research and out-of-the-lab research 

Research aims at understanding and predicting people’s behaviors in 
the real world, and for this, context matters. Commercial research ap-
pears to have embraced this more fully than academic research. Early 
consumer research on a product might be conducted in a laboratory or a 
CLT facility, both with some measure of control over conditions, and 
then testing might shift to home-use testing (HUT), the ultimate place 
where the product will be used and evaluated by consumers. Conversely, 
academic research still depends heavily on laboratory research. 

There appears to be a trade-off between relevance (or ecological 
validity) and control, where lab-based tests are viewed favorably on 
control compared with natural settings. For example, research on pure 

sensory effects might be better carried out in the laboratory. Are the 
assumptions concerning lab and field tests supported by empirical evi-
dence? Are field tests/natural tests more expensive? One possibility for 
the future is that more research will gradually move outside the labo-
ratory with the rapid improvement of methodology and IT to conduct 
studies remotely. The COVID-19 pandemic has accelerated this transi-
tion, but it remains to be seen if the transition continues once the 
pandemic subsides. 

4.3. Quantitative vs qualitative methods; implicit vs explicit methods. 

A quantitative outlook has dominated the field since its beginning, 
and across time there has been a tendency for qualitative research to be 
less valued. At this time, it is difficult to predict whether the quantitative 
bias will continue, or whether qualitative methods will become more 
accepted in Sensory-Consumer Science. Mixed methods research, which 
uses both quantitative and qualitative approaches to address the same 
research question, is gaining popularity in many fields and seem well 
suited for this field too. 

There could be a blurring of the qualitative-quantitative distinction, 
as access to large corpora of text data analyzed by artificial intelligence 
and machine learning approaches becomes more common. Students and 
professionals in Sensory-Consumer Science will need to improve their 
skills in these newer technologies. 

The more traditional and explicit methods should probably be used 
together with the more recent implicit methods in some instances. The 
addition of neuroscience and implicit measures should be considered as 
an evolution and addition to the already existing methods in sensory and 
consumer research, not a replacement. 

4.4. Global research 

The future will require a global approach to Sensory-Consumer 
research, looking at which factors are involved in product acceptance 
(and rejection) in many cultures globally. This will lead to broader rules 
about what governs product acceptability in different global regions. 

Most Sensory-Consumer research has been conducted in WEIRD 
countries (Western, Educated, Industrialized, Rich, Democratic), and 
especially in English-speaking countries (Anglocentric). Historically it 
has been acceptable to translate a WEIRD approach to a different lan-
guage and apply it in a different country, despite the risk of asking 
questions which do not completely make sense in the new setting. 
However, valid cross-cultural research requires that we re-examine 
whether the methods used in the research and the conclusions from 
the research are applicable globally. 

Recognition is growing of the importance of collaborating with the 
target groups before data collection and planning the method together, 
to ensure that local practices and habits are included in the research 
planning. We encourage uptake of this approach to research but 
recognize that there is currently an issue regarding the availability of 
Sensory-Consumer researchers globally who will plan and conduct 
successful cross-cultural research. 

4.5. What is Sensory-Consumer Science? 

Finally, before leaving our history of Sensory-Consumer, we note 
that we have been unable to find a definition of the field. There are 
definitions of sensory evaluation and sensory science, but not of 
Sensory-Consumer Science. We tried to come up with a short, simple 
definition, but were stymied by the breadth and complexity of the 
evolving field. However, we identify below some elements likely to be 
included in a definition and some in need of further discussion. 

Since sensory characterization of products is an essential part of the 
field of Sensory-Consumer Science we propose that a definition should 
include sensory-only research as well as consumer-centric research. 

We suggest that the field includes consumer-centric product-focused 
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research as well as consumer behaviour research more generally. The 
former follows directly from the field’s roots since sensory research was 
originally and historically product research. This remains important, but 
nowadays the consumer science perspective has broadened. However, a 
challenge is that if the definition allows any consumer research to be 
part of Sensory-Consumer Science, the field becomes too broad and at 
risk of losing its identity. Of course, we see no problem in Sensory- 
Consumer researchers borrowing, utilizing and/or adopting useful ap-
proaches and methods from other disciplines. 

Further regarding scope and boundaries, another key issue relates to 
whether the field is specific to foods and beverages, or also includes 
consumer products more broadly (i.e., non-foods)? We suggest the 
latter. The field is human-centric, but there is a question regarding 
whether it also encompasses non-human responses (e.g., pets)? 

More generally, we suggest that the field: i) encompasses both basic 
(academic) and applied (commercial) research; ii) is multi-disciplinary, 
ii) is global and multi-cultural, and iii) encompass quantitative and 
qualitative research (including multi-method and mixed-method 
designs). 

It is our hope that this paper will initiate a discussion at conferences 
and/or within discipline journals leading to a good definition of what 
Sensory-Consumer Science is (and is not). 

5. Concluding remarks 

Our summary of developments across nearly a century of Sensory- 
Consumer Science has shown that many topics began earlier than re-
searchers who are currently active probably expected. The wealth of 
early literature was noteworthy, as was often its scope and sophisticat-
ion. We are aware that readers might be as surprised with some of the 
history as we were and might suggest the addition of topic/s and/or 
removal of other topics. There may be merit to this. However, we expect 
that this paper will still be interesting to current and future students in 
Sensory-Consumer Science and to young researchers without the per-
sonal experience that the authors have with parts of this history. Today, 
it is nearly impossible to have comprehensive general knowledge of our 
whole field of Sensory-Consumer Science, so there is a benefit in 
knowledge of our history and early efforts. What will be added to this 
history in the next 20 or 30 years? 
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