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Abstract

An online consumer survey, consisting of 23 closed questions divided into 9 sections, was conducted to investigate
consumer perception of including edible insects in their diet. The data analysis was carried out using a variation
of the classic Rasch-Andrich model for multiple choice questions. The online survey involved individuals (n =
327) from Italy and other 29 different European and non-European countries, with different ages, educational
background and eating habits, selected from among people attending the University of Perugia. The analysis
showed that the majority of participants (90%) were already aware of the term entomophagy, although only 19%
of the participants had already eaten insects. Moreover, 42% of the participants would be willing to pay less
than the equivalent of a hamburger to buy 10 g of insects and 93% would consider eating insects if necessary.
The factors limiting entomophagy are mainly represented by neophobia, disgust, fear of allergic reactions and
microbiological hazards. Furthermore, the majority would expect to find specific shelves in stores for insect-based
products. Moreover, the majority of the participants accepted that pet or farm animals could be fed with insect-
based products. Lastly, almost all the participants considered food safety of edible insects to be the responsibility of
the national competent authorities, as required for other foods. The aim of this study was to address the current
perceptions of modern consumers to entomophagy and discover the perceived advantages and disadvantages
associated with the consumption of insects. Although it is difficult to predict whether edible insects can effectively
represent the “food of the future” and whether they can really become part of western consumers’ diet, the
results obtained in this study demonstrated that providing consumers with information not only on insects and
the production methods used, but also on food safety measures can improve the consumer’s attitude towards
entomophagy.
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1 Introduction

Insects represent the largest of the animal groups (in
terms of number of species) that populate the Earth.
They count over a million species, equal to five sixths
of the entire animal kingdom and are widely distributed
throughout the globe. It is, therefore, unsurprising that
insects have been part of the human diet for millen-
nia. The use of insects in the human diet was espe-
cially important in prehistoric times before humans dis-
covered hunting and agriculture, as documented, for
example, by some coprolites found in Mexico and the
United States containing traces of ants, beetle larvae,
lice, ticks and mites (Capinera, 2008). References to
entomophagy are also found in many sacred texts of dif-
ferent religions. For example, insects as food are found
in the Old Testament, the New Testament and in the
Islamic faith. Nowadays, the practice of eating insects
is called entomophagy (Barsics et al., 2017) and is prac-
ticed by approximately two billion people around the
world, mainly in tropical areas such as Africa, Asia,
South and Central America (including Mexico), Aus-
tralia and Oceania according to a FAO/WUR report (van
Huis, 2016). More recent studies consider this number
an overestimation. However, a figure of several hun-
dreds of millions could be possible: with the lack of
consistent criteria to consider a person as “insect-eater”,
it is almost impossible to determine the exact number
of people practising entomophagy (Huis et al., 2022).

Insects are a source of livelihood and are naturally
harvested in some countries (e.g. Cambodia), while are
considered a delicacy in others (e.g. the chapulines —
fried grasshoppers in Mexico) (Grispoldi et al., 2021). In
Western countries, entomophagy is less common (Osi-
mani et al., 2018). The most important factors related
to this low acceptance of insects as food are neophobia
(in this case manifested as the unwillingness to try new
things or break from routine) and the consumer’s fear
of eating insects (Caparros Megido et al., 2016; Gallen
et al., 2018; Verbeke, 2015), which is well established
in many Western cultures, where insects are perceived
as slimy and with undesirable sensory properties, espe-
cially if served whole (Tan et al., 2015). Food prefer-
ences are influenced by many factors, including health,
price, convenience, mood, nutrient content, familiarity,
ethical concerns and sensory appeal. All these factors
influence the acceptance or rejection of different insect
species as food (Ghosh et al., 2018)

Many different groups of insects are consumed
around the world, ranging from beetles, butterflies, ants
and bees to grasshoppers and crickets (Gmuer et al.,
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2016; Tan et al., 2015). Jongema and other authors from
the Wageningen University have published a continually
increasingly list of over 2000 species of edible insects
(Jongema, 2017).

Insects present many benefits as a food source: they
require less land and water compared to farm animals
(Ayieko et al., 2016; Rumpold and Schliiter, 2013), they
emit low amounts of greenhouse gas during the produc-
tion cycle (Lammers et al., 2019) and some species pos-
sess the ability to recycle industrial or agricultural by-
products (Smetana et al., 2019). Furthermore, insects are
a great source of important nutrients for humans: they
are rich in proteins with essential amino acids, polyun-
saturated fatty acids and zinc, iron, selenium, calcium
and group B vitamins (Osimani et al., 2018; van Huis,
2016). Consequently, it is not surprising that already as
far back as in 1975, it was first suggested that edible
insects could ease the problem of world food shortage
and that organizations, such as WHO and FAO, should
encourage humans to consume insects (Meyer-Rochow,
1975). Researchers and institutions are showing a grow-
ing interest in insects as food: in fact, insects are con-
sidered an opportunity to sustainably supply mankind’s
ever-growing demand for animal-based proteins (Efsa
Scientific Committee, 2015; Food and Agriculture Orga-
nization of the United Nations (FAO), 2013; Henry et al.,
2018).

Rasch models were introduced in the 60s as a source
of psychological measurement, and very soon they
became a common tool in the so-called Item Response
Theory (IRT) (Embretson and Reise, 2001; Rasch, 1993).
IRT has a great number of applications in science,
including health and social science. Generally speaking,
these models are based on the idea that the answers
given by a number of persons to a number of items
demonstrate that the comparison between people’s (so-
called) locations does not depend on the relative loca-
tions of items, and vice versa. If these models are applied
to surveys and tests, as in our case, “imagined” locations
for the variables to be measured need to be identified.

In the variation of the model used in this study, these
locations were computed by using a stochastic model
for data distribution, and introducing an auxiliary vari-
able. This approach improved on the classic, empiric
method, as it enabled random data to be introduced to
correct any violations of the invariance property which,
in turn, follows directly from the mutual independence
of the locations of persons and items described above.
Therefore, the stochastic approach provides a more
accurate probability distribution of the data.
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Rasch-Andrich models are often used to evaluate sur-
veys and tests aimed to determine consumer’s choices
and attitudes. Examples of using variations of the Rasch
model include but are not limited to measure the dif-
ficulty for people to follow a healthy diet (Henson et
al., 2010), determine the affective impression of a mois-
turiser cream elicited by the compliance of the mois-
turiser’s packaging (Camargo and Henson, 2015), anal-
yse people’s attitudes towards mountain foods and the
EU Mountain Product label (Bassi et al., 2022) and to
assess consumer sensitivity to animal welfare (Gori et
al., 2017). The use of these models is particularly useful
when it is necessary to measure variables and responses
with a preponderant emotional component, generally
difficult to observe directly and very complex to eval-
uate in comparison with more objective characteristics
(Camargo and Henson, 2015). In this paper a variation
of the Rasch-Andrich model has been used to investi-
gate consumers’ perception of entomophagy: this allows
to investigate aspects of the total experience of ento-
mophagy which go beyond the mere functionality and
are associated with the emotional aspect of the practice.

The main advantage of these methods is that they
furnish a measurement of where a given survey or test
does or does not work by guiding the author to possible
corrections. They also give some indications concerning
the persons to whom the survey is given, by indicating
a sort of class of expertise, to which both the questions
and the persons can be compared.

By 1870, the English author, Vincent Holt, had pub-
lished a short work entitled “Why not eat insects?” to
promote the benefits of an arthropod-based diet (Holt,
1885). Although the book appears extremely modern,
even two centuries later, the disgust factor appears to be
the main obstacle to the inclusion of insects in western
consumers’ diet. On the other hand, greater information
on the subject could diminish their diffidence. In addi-
tion to the strictly cultural aspect, the consumer needs
to be informed on the risks of eating this type of food
and on the good practices to prevent the product from
causing any harm. This paper addresses the following
questions: what are the current perceptions of modern
consumers to entomophagy and what are the perceived
advantages and disadvantages associated with the con-
sumption of insects?
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2 Materials and methods

Consumer survey and data collection

The questionnaire, entitled “Let’s eat insects! Why not?”

consisted of 23 questions on the subject of ento-

mophagy, divided into nine sections. The survey was

made available on Google Drive and conducted for 14

months.

Participants were selected from among people at-
tending the University of Perugia: they included profes-
sors, researchers, students, technicians, temporary hosts
and visiting professors. The survey was mainly related
to people who shopped for food and were responsible
for choices on the food market. Before starting the ques-
tionnaire, participants were given a brief introduction
to the reasons behind the study and, at the end of the
questionnaire, they were given the opportunity to leave
their contact details to receive further information on
the topic, together with a space for free comments.

Table 1 gives the complete structure of the question-
naire, the first part of which envisaged collecting generic
information (age, gender, educational level, country of
origin), followed by details regarding food habits (omni-
vore, vegetarian, vegan, other).

The second part — the survey core — was divided into
several sections.

1. General section: introductory questions on the
topic of entomophagy (knowledge of the term,
place in which it is talked about), knowledge of
the traditions of countries where they eat insects
with the opportunity of naming the country and
insect-based dishes the interviewee knows, and
the numbers of edible insects.

2. Experience section: experiences of entomophagy
(with open response to list the dishes consumed),
questions on the unwitting consumption of insects
and on the frequency with which they are con-
sumed, and details of the impact this practice has
on the consumer’s life.

3. Motivational section: questions were asked about
the reasons why people consume insects and the
list of products which may, or may not be excluded
from consumption, a question on the difficulty of
finding the insects and an economic comparison
with commercial products, e.g. the hamburger.

4. Nutritional section: a question on the nutritional
composition of insects and a careful examination
of the advantages and disadvantages of introduc-
ing insects into the diet.

5. Interest section: to identify the categories poten-
tially most interested in requesting further infor-
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TABLE 1 Survey structure: list of questions

L. GRISPOLDI ET AL.

Survey structure

Age

Gender

Education

Country of origin
Personal food habits

1. Have you ever heard about ‘Entomophagy’ — the practice of eating insects?

2. Are you aware that in some parts of the world insects are considered a delicacy?

3. Do you know how many species of insects are edible?

4. Have you ever eaten insect-based products?

5. Are you aware that we frequently eat insects without being aware of it?

6. How often do you eat an insect-based meal?
7. How do insects fit into your diet?

8. In the case of hunger or need, would you eat insects?

9. How easy do you think it is to find these edible insects?

10. How much would you be willing to pay for 10 grams of ready-to-eat insects?

11. Which nutritional component do you think is most common in insects?

12. Which age group would you think is most interested in eating insects?

13. Are you interested in receiving more information about it?
14. Would you be more willing to eat insects, if you had a better understanding of the practice of entomophagy?

15. Would you prefer to eat local or exotic species of insects?
16. Where do you expect to find insect-based products on sale?

17. In your opinion, who is responsible for the safety of insect-based products for human consumption?
18. Would you eat animal products (meat, milk, etc.) produced by livestock fed with insects?
19. Would you add an insect-based product into your pet’s diet ?

20. Which feeling does this picture arouse in you? Giant wasps

21. Which feeling does this picture arouse in you? Mealworms

22. Which feeling does this picture arouse in you? Giant crickets with chocolate
23. Which feeling does this picture arouse in you? Insect mix

mation, the effects of a greater awareness on the
willingness to consider edible insects.

6.  Section on the choices of the potential consumer:
expression of preference from a list of insects, indi-
cation of the preference between exotic and local
products, request regarding insect-based products,
in which the interviewees are interested, location
of the insect in distribution centres.

7.  Food safety section: on animal feed and the com-
petent authorities: participants were asked to say
whether or not they were in favour of animal-
derived products from animals raised and fed on
insect-based feed and of using it in a pet’s diet,
with a question asking which competent authority
should control such products.

8. Photographic section: the interviewee was shown
four photos of insect-based products to describe
what he/she felt (Figures 1-4).

Statistical analysis

The data was entered in a Microsoft Excel database and
the statistical analysis was performed with Winsteps
Rash for Microsoft Windows. The data was analysed by
using a variation of the classic Rasch-Andrich model for
multiple choice questions. Briefly, Rasch models provide
a mathematical framework to compare empirical data
to assess an instrument’s capacity to emulate the prop-
erties of fundamental measurement (invariance and
unidimensionality), and thus serve as a tool to quantify
unobservable human conditions, e.g. attitude or ability.
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FIGURE 1  Giant wasps.

FIGURE 2 Mealworms.

Giant crickets with chocolate.

FIGURE 3

The classic Rasch model expresses the probability that a
respondent will affirm a dichotomous item. The proba-
bility is modelled as a function of the distance between
the two independent parameters “person location” and
“item location”. The “person location” usually refers to
proficiency (the ability that said person possesses) while
“item location” refers to difficulty (the amount of abil-
ity associated with choosing a certain item) (Guttersrud
et al., 2013; Rasch, 1993). Let us summarize the basic
concepts concerning this point using suitable terminol-
ogy: the method is essentially based on the underlying
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Insect mix.

FIGURE 4

logic that subjects have a higher probability of cor-
rectly answering easier items and a lower probability of
answering more difficult items (Gori et al., 2017). There-
fore, let us suppose we have a set of M persons who
answer N questions. Each of these questions has a num-
ber of possible answers a person can choose. According
to how the m-th person answers all the questions, gives
him a certain ability a,,, which can represent his exper-
tise on the topic under investigation. Clearly, each ques-
tion also has its own difficulty, determined by how all
the persons have answered it. This can vary according
to the intrinsic significance and/or clarity of the ques-
tion itself: thus, to fix the notation, the n-th question
has its intrinsic difficulty §,. At this point, each ques-
tion has a certain set of possible answers: for a general
question n, there is a set of {1,2, ..., K(n)} answers. To
avoid a redundant notation, when a certain question is
set, we simply write the group of possible answers using
{1,2, ..., K}, and avoid relating the number K to that spe-
cific question. We define P(m, n, k), i.e. the probability
that the m-th person gives the answer £ (1 < k < K) to
the question #, as follows

k
B
P(m,n, k) = 1+Za:2eXP(erzz(am-ﬁwfr)) 1)

1+Zf:2 exp(X, (¢ —B+7,)) ’

The quantities 7; (j = 2, ..., K) measure the difficulty of
giving the j-th instead of the (j-1)-th answer to the ques-
tion: we call it the relative difficulty of the j-th answer.
To clarify the significance of the expression (1), let us
compare the probabilities P(m, n, k) and P(m, n, k - 1):
we can write

P(m, n, k) exp(zjl'iz(am - Bn + Tj))

Pimmk-1) exp(F (@~ B+ )
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From the above equation, it is easy to argue that
%y = By + T = IN[P(m,n, )] - In[P(m,n, k - 1)]. (2)

The latter equation (2) gives the correct meaning of the
quantity T, as a logarithmic measure of the probability
that a person of ability «,, has of answering & instead
of k - 1to a question of difficulty 8,, (we misapply the
terminology and refer to & instead of the k-th answer...).
The quantity 1, is often referred to as the Andrich thresh-
old.

It is convenient from now on to change our point of
view, and instead of considering probability as a func-
tion related to the ability a,, of a single person, we allow
a to be a real variable and define P(a, n, k) as the prob-
ability that a person with ability a gives the answer j to
a question n. Thus, P becomes a function of the variable
a, i.e. if n is fixed, then

o = P(a,n, k)
k
exp(, (¢~ B, + 7))
- K n ) k = 2, ...,K
1+ Z:n=2 EXP(Z,=2(°‘ - ﬁn + Tr))
and
o P(a,n, k)
. k=1

i 1+ zl,iz exp(ZfﬁZ(a - B+ ‘t,))y

The variable « lies in the interval [a, b], where a =
min{a,,,m = 1,2,..,M}and b = max{a, m = 1,2, ..,
M3}

Let us retrieve some links between the values «, 8,
and 1y, ..., T¢. First, for every j = {2,..,K} an ability
a(2) exists, for which the probabilities P(a(j), n,j) and
P(a(j), n,j - 1) are equal. This implies that

T = () - B (3)

so that the coefficient 7; is a translation of the ability
alj), for every j = 2,..., K. If we rescale the ability a by
I' := a - B, (representing the ability to answer the ques-
tion n) then

() =1, j=2..K. (4)

Another equation is useful to describe the difficulty B,,.
Indeed, if we sum up all the quantities In[P(a, n,/)] -

L. GRISPOLDI ET AL.
In[P(a, n,j - 1)], we obtain
ln[P(oc, n, K)] ~In [P(oc, n, 1)]

K
=(K-D(-B)+ D,
J=2

Since there is an ability oy which gives the probabilities
P(ag, 1, K) = P(a, n, 1), we obtain

K
(K -1D(eg-B)+ D 5 =0

k=2

and

ﬁn =0p + M(T)! (5)

where M(7) is the arithmetic mean value of the set
T = {Ty, ..., Tx J. Below, we will often analyze the results
of the survey by producing graphs of the functions a7 -
P(a,n,j) forj = 1,..,K. We will compare and demon-
strate the profiles of the functions P(o, n,j) in a simple
plot, in order to retrieve both the difficulty {8, of the
question and the thresholds 1, ..., 7, related to the ques-
tion. This kind of representation will enable us to draw
some interesting conclusions on the general awareness
of the topic and on the way the questions were pro-
posed, with the aim of improving some of them for a
clearer vision in the future.

3 Results

Descriptive analysis
Description of the interviewees

The answers of a total of 327 participants were recorded.
59% of the participants were female, whereas 40%
were male, 1% preferred not to state their gender. As
regards their level of education, 1% declared they had
completed compulsory education, 22% declared a high
school diploma, 54% had a university degree and 22%
declared a university degree plus postgraduate degree.
85% of the participants were Italian, whereas the oth-
ers came from 29 different European and non-European
countries, with 4% from Mexico and 2% from the
United States. As regards food habits, 92% of the inter-
viewees stated they were omnivorous, 5% vegetarian,
1% vegan, 1% other and 1% preferred not to answer.
As regards age, 44% of the participants were between
20 and 30 years old (28% female and 16% male), 20%
between 30 and 40 (11.4% female and 8.6% male), 28%
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between 40 and 60 (15.3% female and 12.7% male), 3%
below 20 (2.3% female and 0.7% male) and 5% above
60 (1.5% female and 3.5% male).

General section

In the introduction on the topic of entomophagy, the
first question regarding knowledge of the term ‘ento-
mophagy’ itself received 90% positive replies with 10%
negative replies. 98% of the participants declared they
knew some countries considered the consumption of
insects a delicacy. 31% of the participants believed the
number of edible species to exceed 1000, 13% answered
1000, 27% answered 600, and lastly 29% said 200.

Experience section

Regarding their experience of entomophagy, 81% said
they had never eaten insect-based products; 19% had
eaten edible insects. 44% of those interviewed stated
they were unaware of how frequently they had unwit-
tingly eaten insects. 82% stated they had never eaten
insects, 11% had tried them at least once in their life,
whereas 5% had eaten them less than once a month
and 2% once a month. 4% of the interviewees believed
insects to be an innovative ingredient in their diet and
2% as an alternative source of protein.

Motivational section

In the case of necessity or hunger: 47% of those inter-
viewed said they would certainly eat insects, 25% would
most probably eat them, 21% with little probability and
7% believed it would be impossible, even under extreme
conditions. As regards the availability of insect-based
products: 46% of the interviewees thought they were
easy to find, whereas 36% thought it was difficult, 14%
very easy and 5% very difficult. As regards money: 41%
of the participants were not prepared to pay anything to
buy 10 grams of insects, 42% would pay less than for a
hamburger, 15% the same price as a hamburger and 2%
would pay the price of 2-3 hamburgers.

Nutritional section
95% of those taking part said that the main nutritional
components in insect-based products are proteins, 3%
said fibre, 1% fats and 1% carbohydrates.

Interest section
Among the categories potentially more interested in the
consumption of insects: 48% thought adults, 39% ado-
lescents, 5% the elderly, 8% others. 63% said they were
interested in receiving further information and 57%
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would be willing to try if they could get further details
about it.

Section regarding the choices of the potential

consumer
34% would eat both local and exotic species, 18% would
only eat autochthonous species, 1% only exotic. 74%
said there should be an exclusive shelf reserved for
insect-based products, 12% said that insects should be
sold together with meat, 2% with vegetables and 12%
other.

Food safety section

87% of the interviewees believed the responsibility for
the safety of insect-based products falls on the same
authorities responsible for the safety of other animal-
derived products, 3% on the individual producer or the
association of producers, 3% on international organi-
zations and 7% did not know. 80% were in favour of
animal-derived products from animals raised and fed
on insect-based feed. T34% would be willing to include
insects as pet food, 49% would be willing to include
them as pet food if there were any benefits, such as price
or nutritional properties, and 18% would not include
insects in their pets’ diet.

Photographic section

The interviewee was shown four photos of ready-to-eat,
insect-based products and was asked to describe what
he/she felt. Faced with a mix of dehydrated insects, 48%
said they felt disgust, 42% were curious, 3% were hun-
gry and 7% other. Giant wasps caused 66% of the cases
of disgust, curiosity in 17% and other in 16%, whereas
0% felt any appetite. The picture of mealworms aroused
disgust in 52% of those interviewed, curiosity in 34%,
appetite in 9%, other feelings in 5%. Faced with locusts
with chocolate, 65% said they felt disgust, 26% were
curious, 4% were hungry and 5% other.

Statistical analysis

Table 2 shows the percentage of observed and expected
values in the classical method and in our method.
As it can be seen, the usage of stochastic model for
the data distribution, although similar to the classical
one, shows less differences between the expected and
observed values, and also between the standard devia-
tions, which implies a better reliability of the modified
Rasch method we use. It is our opinion that the differ-
ences between the standard and the modified method
will appear more consistent when a larger number of
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item and data will be available, as however predicted by
simulations.

Before looking into this analysis, let us understand
how to read a graph obtained with the modified version
of the Rasch model used in this study. We will take one
specific question, and describe how and where to find
the quantities of interest.

Figure 5 shows an analysis of question 20 of the sur-
vey (Which feeling does this picture arouse in you? Giant
wasps). The horizontal axis represents the rescaled abil-
ity (the variable I' in equation 4), whereas the vertical
axis represents the probability. So the graphs show the
probabilities of answering each item when a particu-
lar ability is given. In this graph, we are actually inter-
ested in finding the thresholds t,, T3 and 14, hence the
rescaled ability I is given instead of a. The thresholds are
represented as the abscissas of the intersection points
depicted in the figure.

We now analyze the same question with a focus on
ability instead, hence the horizontal axis in the Figure 6
denotes the ability a.

The abscissa of the intersection point in Figure 6
denotes the difficulty B of the question. The curves rep-
resent the probabilities of answering a certain item as
functions of the ability a. More specifically, the red curve
shows the probability of answering the first (less diffi-
cult) item, the blue curve shows the probability for the
second item, the pink curve is for the third and the black
curve for the fourth (more difficult) item. The examina-
tion of these graphs will allow us to retrieve information
on topic awareness and on the survey structure.

4 Discussion and conclusions

The percentage of people with some experience of
entomophagy was 19% and the majority of these had
had an isolated experience. Over half the participants,
however, declared they were unaware of having eaten
insects unwittingly. This is interesting if we consider
the fact that there are insect-based products commonly
consumed by people, as in the case of the colourant
(E120) derived from Dactylopius coccus or cochineal
(Grispoldi et al., 2021). If compared with the results
obtained in countries where insect consumption is asso-
ciated with traditional practices, e.g. Mexico, the dif-
ference is obvious: out of a total of 3125 Mexicans,
who answered a survey regarding many aspects of edi-
ble insects, 74% declared they had consumed insects at
least once, whereas our study showed that only 11% of
the interviewees answered positively to the same ques-

JOURNAL OF INSECTS AS FOOD AND FEED 10 (2024) 9-24

z /\
s
8 /
a
0 X P
4 3 2 1 0 1 2 4 < €
Rescaled ability
Q G G
FIGURE 5 Probability curves for question 20: the horizontal axis
represents the rescaled ability (variable I'). The colour
of the curves represents the difficulty of the items: easy
(red), medium 1 (blue), medium 2 (purple) and
difficult (black).
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FIGURE 6 Probability curves for question 20: the horizontal axis

represents the ability (variable a). The colour of the
curves represents the difficulty of the items: easy (red),
medium 1 (blue), medium 2 (purple) and difficult
(black).

tion (Escalante-Aburto et al., 2022). It is interesting how
the interviewees were almost divided in half between
those who think insect-based products are difficult to
find and those who think it is easy. As regards the prod-
uct commercial value, almost half of the interviewees
were willing to pay less than a hamburger for 10 grams
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of edible insects and only 1.2% would pay three times
as much. Almost all the interviewees acknowledged
that the predominant nutritional component is pro-
tein. Approximately three quarters of those interviewed
agreed on a department with dedicated shelves for
insect-based products and that the competent authority
for food safety should also exercise control over this cat-
egory of products. Insect-based products are associated
with adult consumers. Over half the participants were
interested in receiving further information and would
perhaps eat them after learning more about them. This
is consistent with other studies, which have demon-
strated that the consumer’s interest in edible insects can
be improved with a better knowledge of the topic (Bar-
sics et al., 2017; Pambo et al., 2018; Sogari et al., 2019).
In our study, the positive answer to the question “Would
you be more willing to eat insects if you had a better under-
standing of the practice of entomophagy?” was higher in
younger people (62% of the interviewees aged between
20-30 and 61% of the interviewees aged between 30-
40), whereas it dropped below 50% in the other age
categories. As regards education, the higher percent-
age of positive answers (71%) was observed in people
with post-graduate education and the lower percentage
(25%) in people with compulsory education (educa-
tion that is required of all people and is imposed by
the government). These results are consistent with the
findings of other authors (Reed et al., 2021): among 1021
Americans interviewed, those most receptive to ento-
mophagy were male, college-educated, younger with
higher incomes, politically liberal and non-white.

On the other hand, information on the benefits alone
of entomophagy appears to be insufficient to induce
an increase in this practice (Tan et al, 2017). This is
especially true in places where a low degree of willing-
ness to eat insects is common, such as western coun-
tries (Schosler et al., 2012; Vanhonacker et al., 2013; Ver-
beke, 2015). In these countries, the frequency of the
addition of insects in the diet, even in historic times
of food crisis, was very low (Svanberg and Berggren,
2021). In our study, when the interviewee was shown
four photos of insect-based products and was asked
to describe what he/she felt, the majority answered
they felt disgust. This is consistent with results reported
by other authors (Gmuer et al, 2016; Lammers et al.,
2019; Verneau et al., 2016). Other studies confirm that
sight plays a very important role in the decision to
reject insects as food: some authors (Meyer-Rochow
and Hakko, 2018) administered both insect-based prod-
ucts (beondaegi, commercially available Korean Bombyx
mori silkworm pupae and inago, commercially available

L. GRISPOLDI ET AL.

Japanese Oxya yezoensis grasshoppers) and other foods
(cheese, dried fish and white bread) to tasters who were
blindfolded and with their noses closed. Out of a total of
26 tasters, 14 identified all the insect products, 8 identi-
fied at least one insect product and 4 failed to detect any.
On the basis of the results obtained, they concluded that
insects are not very easy to identify by taste alone.

An approach that could lead to better results in pro-
moting entomophagy in western countries could cer-
tainly be to present insects in a more familiar food con-
text for the consumer, such as bread and bakery prod-
ucts (Alemu and Olsen, 2019; Elzerman et al., 2011) or
protein beverages and snacks (Parker et al., 2018). A fur-
ther benefit in this case is that the insect is not visible
in its entirety (flour would be used), thus bypassing the
phobia (Caparros Megido et al., 2016; Menozzi et al.,
2017; Moruzzo et al., 2021).

As regards the results obtained with the modified
Rasch-Andrich model, we will focus our attention on
those questions which exhibit unexpected behaviour.
Let us take, for instance, question 7 (How do insects fit
into your diet?). The graph in Figure 7 shows the prob-
ability of the items in the question, where the x-axis
represents ability.

This plot has a very uncommon behaviour: first of all,
item 3 (the pink curve) has a very small probability. Sec-
ond, item 2, has a great probability of being answered
by people with an ability which is close to the difficulty
of the question itself. This means that the majority of

£ -5 B3 -3 -2 -1 0 1 2 3 B

FIGURE 7  Probability curves for question 7. The colour of the
curves represent the difficulty of the items: easy (red),
medium 1 (blue), medium 2 (purple) and difficult

(black).
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people of very varied ability answered the question with
item 2. This is quite surprising, as intermediates usually
tend to have similar probabilities if they are close to the
ability corresponding to the difficulty of the question.
We have to examine the question in more detail to give
an explanation for this phenomenon. The table repre-
sented in figure 10 orders questions according to their
difficulty (Table 3).

Questions with the highest difficulty scores are num-
ber 6 (How often do you eat an insect-based meal?) and
4 (Have you ever eaten insect-based products?), followed
by number 10 (How much would you be willing to pay for
10 grams of ready-to-eat insects) and numbers 20 to 23
(Which feeling does this picture arouse in you?). This is
not surprising and confirms the low propensity to con-
sume whole insects, to pay a price similar or higher to
the average meat price to buy insects and the fact that
few people among the interviewees use them with high
frequency in their diet. On the other hand, the lowest
difficulty scores were observed for questions number 2
(Are you aware that in some parts of the world insects are
considered a delicacy?), number 1 (Have you ever heard
about ‘Entomophagy’?), number 11 (Which nutritional
component do you think is most common in insects?)
and number 18 (Would you eat animal products (meat,
milk, etc.) produced by livestock fed with insects?). These
results demonstrate a good ability of the interviewees
regarding the knowledge of entomophagy, its distribu-
tion as a practice in some parts of the world and one of
the potential nutritional advantages of insect consump-
tion (the high amount of protein). The good predispo-
sition of the sample of people interviewed to consume
foods produced from livestock fed with insects is partic-
ularly interesting. Let us examine the answers to each
item of question 7 (How do insects fit into your diet?) in
more detail (Table 4). This is quite a difficult one, with a
score of 0.84.

The most illuminating information in Table 4 is the
column ability-mean (cf. more specifically, the last line
containing the data of entry number 7). Usually, this
value increases as the expected difficulty of the item
increases: this is not the case for question 7 (How do
insects fit into your diet?). Item 2 (As an alternative source
of proteins) was answered in almost equal measure by
people with high and low ability, so that its mean value
of 0.16 is small. Moreover, people with high ability pre-
fer item 3 (I do not include insects in my diet) to item 4
(Other). This data can be interpreted in various ways. As
regards items 2 and 3, this type of behaviour usually has
two explanations: 1) the items are too similar, 2) one of
the items is ill-posed. Looking at the general behaviour
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of the question itself, one can infer that, instead of true
awareness, the answers to these questions have been
suggested by so-called mass culture or also shared feel-
ing. Nevertheless, it would be interesting to reformulate
the question (How do insects fit into your diet?) in order
to compare the results and achieve a more realistic split.

We now move on to analyse other questions of major
significance. More specifically, we will focus on ques-
tions 10 (How much would you be willing to pay for 10
grams of ready-to-eat insects?) and 17 (In your opinion,
who is responsible for the safety of insect-based products
for human consumption?).

Question 10 has a difficulty of 2.35 (Figure 8). It is
one of the most difficult questions of the survey, due
mainly to the fact that one cannot generally give a price
value to insects. More specifically, only people with a
very high ability answered items 1 and 2, for a total
of 32 out of 327. In general, people are not willing to
pay too much for eating insects. However, this question
has the intrinsic problem of not having a yardstick, at
least in western societies. Question 17 is actually a sim-
ple question, although it depends on the fact that many
people with low ability also answered item 4 (Figure 9).
This means the question should probably be reformu-
lated in a more appropriate way. Therefore, the ability
to measure the individual level of ability represents an
interesting, important result, especially if there are any
correlations between this variable and other variables
characterizing the opinions and habits of individuals,
both in general and in relation to consumer decisions
(Gori et al., 2017).

Although it is difficult to predict whether edible
insects can effectively represent the “food of the future”
and whether they can really become part of west-
ern consumers’ diet, the results obtained in this study
demonstrated that giving consumers information not
only on insects and the production methods used, but
also on food safety measures can improve the con-
sumer’s attitude towards entomophagy. The application
of the modified version of the Rasch-Andrich model
used in this study was very effective to address the
current attitude and perception of modern consumers
towards entomophagy, a topic characterized by prepon-
derant emotional components which go beyond the
mere functionality of the practice. Small differences
between the expected and observed values, and also
between the standard deviations, implies a good fit and
reliability of the model used.
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FIGURE 8 Probability curves for question 10. The colour of the
curves represent the difficulty of the items: easy (red),
medium 1 (blue), medium 2 (purple) and difficult

(black).
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FIGURE 9  Probability curves for question 17. The colour of the

curves represent the difficulty of the items: easy (red),
medium 1 (blue), medium 2 (purple) and difficult
(black).
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