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A B S T R A C T

Overweight is one of the main health problems associated with food habits, and has been associated with de-
creasing levels of wellbeing. Determining the influence of foods on people's perceived wellbeing could help
understanding food choices, and therefore promoting healthy habits. The aim of the present study was to in-
vestigate the influence of a gastronomically improved menu on consumers' perceived wellbeing. Two weight loss
diet menus were designed with the same ingredients and caloric content; one of them was a traditional menu,
and the other one was gastronomically improved: appearance, textures, and flavors were enhanced. Both menus
were tasted in a real context by 71 women who had been on a weight loss diet during the last year. Consumers
attended the study two different days during consecutive weeks. Participants rated liking and perceived well-
being after the consumption of each menu. The gastronomic improvement of the meal increased liking scores
and perceived wellbeing of consumers, particularly in the emotional, social and spiritual dimensions.

Introduction

Studying consumers' acceptance and hedonic perception of products
have been proven as key indicators of the success of foods in the market
(Tuorila, 2007), but some authors have shown that other aspects related
to food consumption were also important to understand the decision-
making process (e.g.: Köster, 2009). Some of these factors were related
to not only the product characteristics, but also to consumers' char-
acteristics, such as: physiological, psychological, cultural, and social
aspects. McMahon, O'Shea, Tapsell and Williams (2014) and Meiselman
(2016) reported that understanding the influence of food on the per-
ceived wellbeing of consumers can contribute to a better understanding
of food choices. Wellbeing perception and its relationship with food
have become relevant aspects to consider when developing consumer
studies (Meiselman, 2016). Wellbeing is a broad concept that lacks a
unique definition (Dodge et al., 2012), but some papers have defined it
as “the holistic evaluation of people's life” (Meiselman, 2016; Miller and
Foster, 2010).

It has been widely demonstrated that a person's perceived wellbeing
might be affected by food, not only because food has a direct impact on

a person's health, but also because food affects emotions and has an
influence on the social relationships of the person (Shimizu, 2003).
Different authors have investigated the different dimensions which
compose wellbeing, but Adams et al. (1997) reported that most food-
related studies used a 5 dimension model, which includes: physical,
intellectual, emotional, social, and spiritual dimensions (e.g., Ares
et al., 2015; Ares et al., 2016; King et al., 2012; King et al., 2015). Doll,
Petersen and Stewart-Brown (2000) reported that, in a study conducted
with more than 8000 volunteers, overweight and obesity were asso-
ciated with decreasing levels of both physical and emotional wellbeing,
highlighting the importance in the physical dimension. In addition,
Ares et al. (2014) reported that wellbeing in a food-related context was
strongly associated with physical health. Authors of the Wellsense
Profile™ identified the physical dimension as the most relevant for
consumers when asked to define wellness in a food-related context
(King et al., 2015).

The main health problems associated with food habits are over-
weight and obesity, which in turn are directly linked to other health
issues such as cardiovascular diseases, type II diabetes, cancer, and
metabolic syndrome. Beaglehole et al. (2011) and Strong et al. (2006)
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concluded that some of the solutions to fight overweight and obesity
were linked to engage with healthy eating habits. McMahon, Williams
and Tapsell (2010) proposed studying how consumers perceived the
relationship between food and their subjective wellbeing to understand
consumer food choices. This knowledge could contribute to the devel-
opment of efficient strategies for modifying consumers' eating patterns.
To the authors’ knowledge, there is no published research about the
relationship between perceived wellbeing and food choice drivers of
consumers on a real context of consumption.

Some of the main strategies to decrease the incidence of overweight
in the general population are promoting exercise and following weight
loss diets, in which the energy intake of the person needs to be below
his total energy expenditure. Successful adherence to calorie restriction
regimes might be extremely challenging, because the design of the meal
does not generally aim food enjoyment (Forde, 2016). One of the pro-
cedures to improve adherence might be designing the diet taking into
consideration the preferences of the person, while remaining aligned
with the nutritional requirements (Gibson and Sainsbury, 2017). Al-
though some authors have shown that improved palatability increased
energy intake (Blundell and Stubbs, 1999), it has also been proven that
sensory rewarding might lead to a lower caloric intake (Møller, 2015).
Taste, smell, texture, and all sensory attributes of a food contribute to
the overall satiation and therefore the regulation of energy intake
(Møller, 2015). Some areas of gastronomy include the knowledge and
activities related to ingredients, recipes, and culinary techniques ap-
plied to foods; this knowledge could be helpful to increase diet ad-
herence and consumers’ satisfaction by breaking the association be-
tween feelings of deprivation with the weight loss process (Forde,
2016).

The hypothesis of the present study was that a gastronomically
improved menu could increase the perceived wellbeing of consumers
concerned by their weight; the study was conducted in a real context of
consumption to favor that all wellbeing dimensions were properly
perceived and rated by consumers.

Material and methods

Menus

To decide which menus should be prepared, a 4-h discussion session
with eight chefs and three nutritionists from Basque Culinary Center
(BCC) was carried out. The session was designed to promote creativity
and teamwork between chefs and nutritionists. The session was divided
into two parts: during the first part, participants defined individually
the concept of a “conventional diet menu”, and then they shared and
discussed their ideas to reach a consensus. The “conventional diet
menu” defined by the group was composed of boiled broccoli and
carrots as starter, grilled chicken breast with a side of boiled potatoes as
a main course, and a slice of pineapple as a dessert. During the second
part, the discussion aimed at developing gastronomical improvements
to the conventional diet menu, focusing on innovation mainly driven by
culinary techniques. A consensus was reached by the group on the
entrée, main course and dessert: to substitute the boiled broccoli and
carrots with a broccoli couscous (a modern cuisine preparation that
consists of blitzing the florets of the broccoli in a food processor to
obtain a loose meal that resembles couscous) with garlic olive oil and

sticks of carrots on the top, to smoke the chicken breast and then cook it
in the oven, and to grill the pineapple in a pan and add spices (licorice
and vanilla). The side of potatoes inspired four different ideas: 1) potato
gnocchi, 2) crispy potatoes stretched and cooked in the oven, 3) minced
potatoes grilled in the oven, and 4) papas arrugás (a Spanish recipe
consisting on potatoes boiled with salt, which produces a wrinkled skin
in the potato). After testing the appearance of the 4 options, the 3 first
ones were discarded because the volume of the side potatoes was much
greater than the main course (chicken breast) and also the preparations
were harder to standardize. Because of the importance of the re-
producibility of both menus throughout the study, the papas arrugás
recipe was the selected one.

Both conventional and gastronomically improved menus had the
same quantities of the same raw materials (chicken, broccoli, carrot,
potatoes, bread, and pineapple) and the same caloric content: 625 kcal
(Table 1). To avoid biases, all menus were cooked by the same chef
during the whole experiment, and all cooking parameters were stan-
dardized (raw material weights, cooking times, temperatures, portion
sizes, and plating).

Consumer test

Consumer recruitment
The Spanish National Institute of Statistics reported in 2018 that the

incidence of women who were on a weight loss diet was ~30% higher
than men (Instituto Nacional de Estadística, June 2018); therefore, fe-
male consumers were chosen for the study. Eligibility criteria for par-
ticipating in the study were: i) being or having been during the last year
on a weight loss diet, ii) being 30–70 years old, and iii) not having
health problems related to food (diabetes, hyperlipidemia, etc.).

Recruitment was done using posters that were exhibited in different
places in the city: health care centers, cultural centers, libraries, gyms,
women associations and universities. Once the consumer contacted the
research team, a set of screening questionnaires was sent by email,
including questions on neophobia (the Spanish version of the Food
Neophobia Scale, reported by Fernández-Ruiz et al., 2013) and health
consciousness (the Spanish version of the Health Consciousness Ques-
tionnaire reported by Mialon et al., 2002 and Schifferstein and Oude
Ophuis, 1998; translated by Baixauli et al., 2008), to guarantee that the
consumers would not reject the meal and that all participants were
concerned about their health. Consumers whose neophobia ratings
were ≥50, on a scale ranging from 10 to 70, and/or those with health
consciousness ratings ≤33, on a scale ranging from 15 to 105, were
excluded. Also, a sociodemographic questionnaire, and an adaptation
for Spanish consumers of the Food Choice Questionnaire (FCQ) devel-
oped by Steptoe et al. (1995) (Jáuregui-Lobera and Bolaños Ríos, 2011)
were included during the screening phase. The original FCQ (Steptoe
et al., 1995) had 36 items divided into nine dimensions (health, mood,
convenience, sensory appeal, natural content, price, weight) while the
adapted FCQ for Spanish consumers included 34 items divided into
seven dimensions (convenience, health-natural content, price, mood,
sensory appeal, weight control and familiarity), and helped under-
standing the motivations of food choice and therefore characterizing
consumers. The participants who reported allergies, intolerances and/
or aversion to some of the ingredients included in the menus, were
discarded.

Table 1
Menu description.

Conventional diet menu (625 kcal) Gastronomical improved menu (625 kcal)

Boiled broccoli and carrots Broccoli cous-cous with raw carrots and broccoli marrows
Grilled chicken with a side of boiled potatoes Smoked chicken with papas arrugás
Slice of pineapple Grilled pineapple flavored with licorice and vanilla as the dessert
Bread

Olive oil and salt
Bread
Olive oil and salt



the motives that determine their food choices, using hierarchical cluster
analysis (HCA). As aforementioned, FCQ contains 34 items classified
into seven different dimensions; the means of the items of every di-
mension were computed for each consumer, and a matrix was built with
consumers as observations (rows) and dimensions as variables (col-
umns). Consumers were grouped in clusters using Euclidean distance
and Ward's criterion of aggregation (XLSTAT Version, 2009.6.03,
Addinsoft, USA).

To determine if both menus elicited significantly different hedonic
and wellbeing response, data from the acceptability and wellbeing
items were input into a two-way mixed ANOVA with menu as a fixed
effect and consumer as a random effect (Statgraphics Centurion XVII
version).

Results

Consumers’ characteristics: BMI and Food Choice Questionnaire

Results of Bioelectrical Impedance Analysis showed a wide range of
characteristics, being 25% of consumers characterized by a Body Mass
Index (BMI) between 18.5 and 24.99 kg m−2 (normal weight), 37% of
consumers characterized by a BMI between 25.00 and 29.99 kg m−2

(overweight) and 38% of consumers characterized by a
BMI ≥ 30 kg m−2(obese). Underweighted consumers
(BMI < 18.5 kg m−2) were nor represented in the present study be-
cause one of the aims was determining the influence of some gastro-
nomy tools on the wellbeing of consumers who were or had being on a
lose weight diet recently, and underweighted consumers would not fit
on that screening criteria.

Consumers were grouped depending on their food choice motives
using the means of the different items belonging to the FCQ dimensions,
which are shown in Fig. 1. Hierarchical cluster analysis showed that
consumers were grouped into 4 clusters (C1 to C4). Fig. 1 shows the
cluster profiles for the 7 dimensions of food choice: convenience,
health-natural content, price, mood, sensory appeal, weight control and
familiarity. ANOVA and Tukey tests revealed that all dimensions were
significantly different between groups (results not shown). Group 1 (C1;
n = 18) was characterized by giving great importance to all dimensions
except familiarity. Group 2 (C2; n = 17) was characterized by reporting
higher averages on health-natural content, sensory appearance and
familiarity. Group 3 (C3; n = 18) reported the lowest ratings on mood
and familiarity dimensions. Finally, Group 4 (C4; n = 18) was char-
acterized by reporting the lowest ratings on the health-natural content,
price, and weight control dimensions. Results of this section should be
considered tentative due to the limited sample size of each one of the
clusters, but showed a varied range of food choice patterns and a
starting point for further analysis on this matter.

Effect of the gastronomic improvement of a weight loss diet menu on
perceived wellbeing

Significant differences in the hedonic response were found between
menus (p < 0.05). Although both menus denoted liking, the gastro-
nomically improved menu was more liked than the conventional one
(Table 3). The effect of the menu on the perception of wellbeing for the
studied population was significant in 19 of the 31 items, as well as in
the 3 extra items. No significant differences were detected when con-
sumers were asked about their perception of general wellbeing asso-
ciated to the menus (G1 in Table 3), but consumers reported that the
improved menu made them “feel better” than the conventional one
(G2). Additionally, when evaluating the specific items that were in-
cluded in the wellbeing concept, some specific differences were found.

The improved menu did not have any significant effect on the items
of the intellectual dimension of wellbeing. Only 3 items belonging to
the physical dimension were significantly different between menus (P3,
P4, and P7 in Table 3), highlighting that P4 (“It helps me control my

QUESTION MEASUREMENTS

Acceptability 9 cm linear scale anchored in the extremes with
“extremely dislike” and “extremely like”

Wellbeing perception wellbeing questionnaire (Ares et al., 2016)
31 items

Emotional extra items It makes me feel adventurous
I enjoy
I get bored

Participants who passed the screening criteria were asked to come 
with one to three friends or relatives because, generally, meals are a 
shared moment in Spain, and wellbeing has a social dimension which 
needed to be considered. The companions had to fill out all ques-
tionnaires and meet the same screening criteria, before being included in 
the experiment.

Recruitment was a challenging step in this research due to the 
complexity of the experiment. Only 33% of the initial volunteers was 
finally recruited. A final consumer panel consisting on 71 female vo-
lunteers (32–67 years old) evaluated the meal samples in the restaurant 
at BCC in Donostia-San Sebastián (Spain).

Test location and procedure
The experiment was conducted at the BCC restaurant because the 

study was planned with a real context approach, and real context is 
considered good practice for meal research (Lahne, 2018). The res-
taurant at BCC has a combination of natural and artificial light and is 
acclimatized at approximately 21 °C.

The same table was used for all experiments at lunchtime, and the 
same waiter served the customers following a standardized procedure. 
Participants had to come twice, in consecutive weeks, to test the con-
ventional and the improved menu. To avoid biases, half of them first 
tasted the conventional menu, and the other half first tasted the gas-
tronomically improved menu. Consumers were instructed to eat as much 
as they wanted; over 97% of consumers ate the whole menu.

In addition, with the aim of characterizing participants in detail, the 
body composition information (e.g.: Body Mass Index - BMI in kg m−2) 
of each consumer was recorded using Bioelectrical Impedance Analysis 
(BIA).

Questionnaires
In addition to the questionnaires filled out during the screening 

phase, every tasting day, at the end of the meal, participants first an-
swered the question, “Please rate how much you like the menu that you 
have just consumed” using a 9 cm linear scale anchored in the extremes 
with “extremely dislike” and “extremely like”, and then completed the 
wellbeing questionnaire, “Based on the menu that you have just consumed, 
please indicate your level of agreement/disagreement with the following 
statements”. The wellbeing questionnaire was developed by Ares et al.
(2016) and included 31 items to be scored from “completely disagree” to 
“completely agree” on a 7-point scale. This wellbeing questionnaire 
included a general evaluation of wellbeing, as well as items related to its 
five main dimensions: physical, intellectual, emotional, social and 
spiritual. Additionally, three extra items were included in the final 
wellbeing questionnaire: “It makes me feel adventurous”, “I enjoy”, and “I 
get bored”. The order of the different items of the wellbeing ques-
tionnaire were randomized for each consumer. Data collection was done 
on paper format using FIZZ software (Biosystemes, Dijon, France). 
Questionnaire structure is shown in Table 2.

Data analysis

With the aim of characterizing the sample population who partici-
pated in the study, consumers were grouped into clusters according to

Table 2
Questionnaire structure.



weight”) was better scored in the conventional menu than in the im-
proved one. The emotional, social, and spiritual dimensions seemed to
be the dimensions for which the gastronomical improvement had a
greater influence: several items associated to these dimensions were
significantly different in both menus (Table 3).

In general, the improved menu received higher scores than the
conventional menu in all significantly different items. Only 3 of the
items received higher scores in the conventional menu than on the
improved one: P4 (It helps me control my weight), E6 (It makes me feel
sad) and EX3 (I get bored) (Fig. 2). Consumers associated the conven-
tional menu with some negative feelings (e.g.: boredom, sadness). They
also perceived that the improved menu would have a lower impact on
their weight loss objective.

Discussion

The present study shows the influence of an improved menu on
consumers’ perceived wellbeing in a female consumer segment char-
acterized by being concerned about their health, but with a diverse
profile regarding body mass index and food choice patterns. A real
context approach was used because a wellbeing investigation needs to
take into consideration all the dimensions of wellbeing, including the
social one. Results of the present study showed that the gastronomic
improvement of the meal increased the liking scores and perceived
wellbeing of participants.

Several researchers have found a positive effect of liking when
modifying single sensory modalities of food such as aroma, texture, or
appearance (Herz and Engen, 1996; Tobin, O'Sullivan, Hamill and

Kerry, 2012; Zellner et al., 2014). The present study was conducted in a
restaurant and modifying several sensory properties of a whole meal,
considering this a more realistic approach for determining differences
in food-related behavior (Lahne, 2018).

In general, as mentioned during the results paragraph, the improved
menu had a significant influence on liking and on 18 of the 34 well-
being items evaluated in the present study. The improved menu ob-
tained significantly higher ratings on liking and on most of the different
items of the wellbeing perception. The main gastronomical improve-
ments of the menu were: adding spices (and therefore the aromatic
intensity and descriptors associated with the menu), modifying the
textures, and changing the overall appearance of the meal. King et al.
(2015) reported that the addition of spices in recipes for meatloaf and
vegetables increased the wellness perception of consumers, suggesting
that the use of spices might increase the positive “subjective experi-
ence” associated with a meal. It might be possible that in both studies
sensory reward caused the modification of the wellbeing perception
associated with the improved menus. In the present study, gastro-
nomical improvements affected not only aroma and flavor but also
other sensory modalities (texture, taste, and appearance). Therefore, it
was not possible to know if the influence on liking and on consumer
wellbeing perception was due to one of them (e.g., aroma or flavor
enhancement due to the addition of spices), to some specific combi-
nation, or to a more holistic evaluation.

Analyzing the general items on the wellbeing scale, the response to
the statement “It is good for my wellbeing" was not significantly different
between menus, but significant differences were found for the "It makes
me feel good" statement. Ares et al. (2016) suggested that the expression

Fig. 1. Consumers' profiles depending on the food choice clusters (C1 to C4).



Table 3
p-values two-way mixed ANOVA on hedonic response and wellbeing questionnaire items, and means scores of liking and items of the wellbeing questionnaire for
both menus: Conventional (CM) and Gastronomical improved (GM).

p-values Means CM Means GM

Hedonic rating (H) < 0.0001*** 5,5 6,6

Dimension Wellbeing items

General It is good for wellbeing (G1) 0.545 5,9 6,0
It makes me feel good (G2) 0.005** 5,1 5,7

Physical It is good for my health (P1) 0.680 6,4 6,4
It is nutritious (P2) 0.290 6,1 6,3
It makes me feel satiated (P3) 0.011* 5,2 5,8
It helps me control my weight (P4) 0.009** 6,4 6,0
It keeps me fit (P5) 0.218 5,9 5,8
It keeps me healthy (P6) 0.490 6,2 6,1
It gives me energy (P7) 0.021* 4,9 5,4

Intellectual It keeps me alert (I1) 0.537 4,0 4,2
It improves my mental performance (I2) 0.305 4,2 4,4
It improves my memory (I3) 0.081 3,8 4,2
It helps me concentrate (I4) 0.119 3,8 4,2
It makes me think clearly (I5) 0.029* 3,8 4,2

Emotional It makes me feel calm and relaxed (E1) 0.003** 4,0 4,7
It makes me feel guilty (E2) 0.837 1,9 1,9
It gives me pleasure (E3) < 0.0001** 3,8 4,8
It makes me feel excited (E4) < 0.0001** 3,7 4,8
It makes me feel satisfied (E5) 0.001** 4,9 5,5
It makes me feel sad (E6) 0.002** 2,5 1,8
It makes me feel happy (E7) < 0.0001** 4,3 5,0

Social It is good for sharing with family (S1) 0.001** 4,9 5,6
It makes me feel connected to others (S2) 0.039* 3,8 4,3
It improves what others think of me (S3) 0.086 3,5 3,9
It makes me feel supported by others (S4) 0.017* 3,4 3,9
It is good for sharing with friends (S5) < 0.0001** 4,5 5,6

Spiritual It makes my life closer to my ideal (SP1) 0.051 4,4 4,8
It makes me feel closer to nature (SP2) 0.005** 4,3 4,8
It gives me a sense of gratitude (SP3) 0.001** 4,1 4,8
It gives me inner peace (SP4) 0.001** 3,8 4,5
It is good for my soul (SP5) 0.023* 3,9 4,4

Extra It makes me feel adventurous (EX1) < 0.0001** 2,9 4,0
I enjoy (EX2) < 0.0001** 3,3 4,9
I get bored (EX3) 0.006** 3,6 2,8

*, **, significant p < 0.05, p < 0.01 respectively.
Indicated, in brackets, abbreviations for each item to ease discussion and figures reading.

Fig. 2. Mean scores of liking and of the significant items of the wellbeing questionnaire for both menus: Conventional (CM) and Gastronomical improved (GM).
Legend. Information on the meaning of each item is shown in Table 3.



would be interesting to determine the relative importance of BMI and
gastronomy.

Conclusions

In the context of this experiment, some tools of gastronomy have
been proven useful to increase the hedonic rating of a weight loss meal.
Additionally, most perceived wellbeing items were significantly af-
fected by the sensory improvement of the menu, highlighting its in-
fluence on the emotional, social and spiritual dimensions. Results also
suggested that the physical dimension of perceived wellbeing could be
linked and vary depending on the assessed product, and not only to the
individual. Further studies are needed to prove if weight loss diet ad-
herence improves when wellbeing perception of the meal is higher, and
therefore if gastronomy could be helpful in fighting obesity and if the
use of culinary improvements could be included in some educational
programs together with training in nutrition and dietetics. Future re-
search, with a larger sample size, is needed to fully understand all
factors involved in wellbeing perception (e.g.: food choice cluster of the
consumer), but the real context approach seemed to be useful to detect
variations in some of the wellbeing dimensions (e.g.: social) which
might be less evident when conducting this kind of studies under con-
trolled conditions (individual booths of taste rooms).
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“feeling good” could represent a more holistic measure of the influence 
of foods on consumers’ life than using the term “wellbeing”, and that 
“feeling good” could increase the importance of the emotional aspects of 
wellbeing.

The wellbeing dimensions with a higher number of items affected by 
the gastronomic improvement were the emotional, social, and spiritual 
dimensions. The fact that the emotional dimension was one of the most 
affected was expected, considering the multimodal sensory differences 
and the link between sensory perception and emotional response (Beyts 
et al., 2017; Chaya et al., 2015; Jager et al., 2014; Mojet et al., 2015; 
Mora et al., 2019; Mora et al., 2018; Ng et al., 2013; Silva et al., 2017; 
Thomson et al., 2010). Several authors have reported that measuring all 
five dimensions of wellbeing was very important when testing food, 
because different food products influenced in different ways the diverse 
wellness dimensions (Ares et al., 2016; King et al., 2015). Contrary to 
our findings, some studies revealed the physical dimension of wellbeing 
to be the most affected by food products (Ares et al., 2014, 2015; King et 
al., 2015; Oliveira et al., 2017; Reis et al., 2017), and that physical 
dimension might be clearly linked to a healthy diet (Miller and Foster, 
2010). Results of the present study reported that responses for the 
physical dimension showed a limited association with the menu effect (3 
of 7 items). However, other authors found a higher impact on the 
physical dimension when comparing very different product categories 
(for example, chocolate vs apples) (Ares et al., 2015). In this study, the 
main ingredients (products) of both menus were the same, and there-
fore, it could be that the “healthy” character of the meals was perceived 
as similar by consumers. As reported by Ares et al. (2016), the “well-
being” term could be strongly associated with health aspects; this could 
explain the lack of significant differences between menus when studying 
the physical dimension as well as the general term “It is good for my 
wellbeing”. In addition, because this study was conducted in a real 
context approach, the results might be different from the previous 
studies which were conducted in a tasting room context (e.g., King et al., 
2015; Oliveira et al., 2017; Reis et al., 2017) or using an online survey 
where the stimuli were images of food (Apaolaza, Hartmann, D'Souza 
and López, 2018; Ares et al., 2015). The real context could have 
enhanced the social, emotional and spiritual dimensions of well-being 
perception.

One of the items with a different response pattern was “It helps me 
control my weight”. Although both menus had the same caloric content 
(information that consumers did not have), this item received a lower 
score for the improved menu than for the conventional one. In general, 
consumers on a loss weight diet have the common belief that a pleasant 
and enjoyable meal has a higher caloric content than a conventional 
one, and therefore relate “losing weight” with “suffering” and “deli-
cious food deprivation”. Although the item “It helps me control my weight” 
belongs to the physical dimension, it could had been directly related to 
an emotional aspect in the present consumers’ responses.

Food choice is a complex process influenced by product character-
istics, personal characteristics, and their interaction in a particular 
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