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Using a Discrete Choice Experiment, this study examines how informational prompts about the nutraceutical
properties of tomatoes influence consumers’ perceptions and preferences for lycopene-enriched fresh tomatoes.
The results show that such nudges effectively increase consumer interest in functional foods by raising the
perceived importance of their health-related benefits. Furthermore, nudging significantly impacts Willingness To
Pay (WTP), with consumers exhibiting higher WTP for tomatoes with enhanced nutraceutical attributes when

exposed to the informational prompts. These findings offer valuable insights for promoting healthier dietary
choices and for guiding the development of food products that align with shifting consumer values and health

consciousness.

1. Introduction

In recent years, behavioural interventions such as nudging have
gained increasing attention in public policy and consumer research for
their potential to improve individual decision-making without limiting
freedom of choice (Thaler and Sunstein, 2021). Nudging is especially
effective in situations involving routine, low-engagement decisions,
such as those related to food purchasing and dietary habits (Gravert and
Kurz, 2021; Hansen et al., 2021; Vella et al., 2024). Within this context,
informational prompts represent a non-intrusive form of nudging that
can enhance awareness of nutritional or functional food attributes,
potentially steering consumers toward healthier and more sustainable
choices.

A growing body of literature has examined how nudges affect con-
sumer behaviour in food-related contexts (Franceschinis et al., 2024).
Systematic reviews by Cop and Njavro (2024), Lindstrom et al. (2023),
Pandey et al. (2023), and Sapio and Vecchio (2024) underscore the
effectiveness of nudges in guiding food choices, especially toward
increased Fruit and Vegetable (F&V) consumption. More focused studies
have investigated behavioural outcomes and choice architecture related
to F&V intake (Almeida et al., 2024; Bauer et al., 2021; Blom et al.,
2021; Ensaff, 2021; Gillebaart et al., 2023; Vecchio and Cavallo, 2019;
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Weimer et al., 2022; Yi et al., 2022). However, the impact of nudging on
Willingness To Pay (WTP) in a Discrete Choice Experiment (DCE) setting
remains relatively unexplored.

This study contributes to the literature by investigating the effect of
informational nudges on consumer preferences and WTP for fresh to-
matoes, with a particular focus on nutraceutical content, specifically
lycopene enrichment. Tomatoes are among the most widely consumed
vegetables in Italy and represent a key segment of the national agri-food
system (ISMEA, 2017). They are also a significant source of lycopene, a
carotenoid with demonstrated antioxidant properties and potential
anticancer effects (Poojary and Passamonti, 2015). Lycopene is known
for its role in reducing oxidative stress and inflammation and contributes
to the prevention of cardiovascular diseases and other chronic condi-
tions (Collins et al., 2022; Tan et al., 2018). In addition, tomatoes
contain a wide range of other antioxidants, vitamins, and phenolic
compounds, some of which exhibit antimicrobial effects (Ibrahim et al.,
2023). The nutritional content of tomatoes is influenced by both agro-
nomic and post-harvest practices (Giovannetti et al., 2012; Lima et al.,
2022).

Despite the evidence supporting lycopene’s health benefits, the Eu-
ropean Food Safety Authority (EFSA NDA Panel, 2011) has not yet
approved any official health claims for lycopene, citing insufficient
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scientific consensus. However, consumer-oriented communication
about lycopene’s potential benefits could increase perceived value and
promote demand for functional tomato products.

While substantial literature exists on consumer preferences for
traditional tomato attributes such as colour, size, origin, packaging, and
certifications (Carroll et al., 2018; De Salvo et al., 2020; Ellison et al.,
2016; Joya et al., 2022; Kassas et al., 2023; Mancuso et al., 2024; Maples
et al., 2018; Nishimura, 2021; Nohara, 2024; Printezis and Grebitus,
2020; Ruth et al., 2016; Shonkwiler, 2024; Tran et al., 2023; Zapata
et al., 2025), only a limited number of studies explore consumer valu-
ation of nutraceutical attributes. To date, Verneau et al. (2019) is the
only study that has examined the impact of lycopene-related informa-
tion on WTP, and it focused on canned rather than fresh tomatoes.

In addition, although DCEs are widely used to elicit consumer pref-
erences, they are subject to potential biases related to Attribute Non-
Attendance (ANA), wherein respondents ignore one or more attributes
due to cognitive overload or strategic simplification (Alemu et al., 2013;
Carlsson et al., 2018; Campbell et al., 2011; Hensher, 2006; Scarpa et al.,
2009; Weller et al., 2014). Only a few recent studies (Jonker et al., 2018;
Kassie et al., 2020) have attempted to measure how nudging may affect
ANA, cognitive effort, or decision fatigue in DCEs.

These observations point to several research gaps. First, there is
limited understanding of how nudging affects valuation of nutraceutical
attributes, especially in fresh produce. Second, little is known about how
nudging influences the processing of attribute information in DCE set-
tings, particularly in relation to cognitive effort and decision consis-
tency. Third, the literature lacks empirical evidence on whether nudging
modifies the structure and distribution of marginal WTP estimates.

This study addresses these gaps using a DCE to estimate Italian
consumers’ preferences and WTP for fresh tomato attributes, with a
special emphasis on lycopene content. A split-sample design was
implemented: the control group received no informational prompt,
while the treatment group was exposed to a science-based informational
nudge about the health benefits of lycopene (Congiu and Moscati, 2022).
This design enables causal identification of nudging effects on both
preferences and cognitive processes.

The study investigates the following research questions:

- RQ1. Does nudging influence consumer preferences exclusively for
the lycopene attribute, or does it also affect the valuation of other
tomato characteristics?

RQ2. Does nudging alter the correlation structure across product
attributes?

RQ3. By promoting more deliberate and rational decision-making,
does nudging increase cognitive effort? If so, does this increased
effort significantly affect the likelihood of ANA?

RQ4. Does nudging lead to significant shifts in the distribution of
marginal WTP, indicating changes in average valuation and/or
preference heterogeneity?

By addressing these questions, the study contributes to the broader
understanding of how informational nudges affect consumer behaviour
in complex choice environments and provides practical insights for
designing interventions that promote healthier and more sustainable
food choices.

Results show that nudging significantly enhances consumer interest
in functional tomato attributes, particularly lycopene content. Partici-
pants who received the informational prompt displayed a higher WTP
for lycopene-enriched tomatoes compared to those in the control group.
This effect extended beyond lycopene to influence other product attri-
butes as well, suggesting a broader shift in consumer valuation once
health information is provided. Moreover, results suggest that infor-
mational nudging may increase perceived cognitive load, particularly
among those already engaging in simplified decision-making strategies.

The remainder of the paper is structured as follows. Section 2 pre-
sents the design and implementation of the DCE, including a description
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of the sampling strategy, a summary of key sample characteristics, and a
statistical comparison of the two subgroups. It also details the nudging
treatment and outlines the econometric models employed to estimate
consumer preferences. Section 3 reports and discusses the main empir-
ical findings. Finally, Section 4 offers concluding remarks and proposes
directions for future research on nudging in food choice contexts.

2. Materials and methods
2.1. Data

Data were collected by a specialized Italian market research com-
pany that manages a national panel of over 50,000 respondents. The
survey targeted a representative sample of 1,009 Italian consumers who
are primarily responsible for purchasing F&V for their households and
who personally consume fresh tomatoes at least once per month. The
sample was stratified by gender, age, and geographical region to ensure
representativeness of the Italian adult population. Data collection was
carried out between June and July 2023 through an online question-
naire composed of four sections. The first section gathered information
on fresh tomato consumption habits. The second section focused on the
respondent’s self-reported health status. The third section explored the
respondent’s awareness and knowledge of the nutraceutical properties
of tomatoes. The final section included the DCE tasks used to elicit
preferences and WTP.

Table 1 presents the list of attributes and corresponding levels used
in the DCE. These were selected based on a review of the relevant
literature and the results of a pilot survey involving 141 consumers, who
were asked to identify the four tomato attributes they considered most
important in their purchasing decisions (Mariel et al., 2022; Morejon
Cabrera et al., 2022)." The experimental design included a relatively
large number (nine) of attributes and levels to reflect the complexity of
real-world decision-making contexts, where the risk of ANA naturally
increases, allowing us in investigating whether the incidence of ANA is
influenced by the use of nudging (Caraban et al., 2019; Collins, 2012).
ANA phenomenon rate was detected by asking to each respondent ex
post debriefing questions about their attendance of attributes (e.g.,
‘stated ANA’, Balcome et al., 2015).

A p-efficient experimental design (Rose et al., 2008) was developed
using priors derived from the existing literature and implemented
through NGENE software version 1.2.1 to maximize the statistical effi-
ciency of the choice tasks. The design consists of 10 blocks, each
randomly assigned to respondents and containing six choice scenarios.
In each scenario, participants are presented with three alternatives: two
represent different options for a 500 g container of fresh tomatoes,
tailored to the preferred colour and shape as reported by the respondent
in the initial section of the questionnaire; the third is an opt-out option

! The pilot questionnaire, which included 12 questions on consumer behav-
iour and habits related to fresh tomatoes, was administered by the research
team via social media platforms. The respondents, primarily women with an
average age of 48, were mostly based in central and southern Italy. In 84% of
cases, respondents reported that their households purchase and consume fresh
tomatoes, at least occasionally. Participants identified the most important at-
tributes influencing their purchasing decisions as intrinsic product character-
istics—including taste, aroma, juiciness, shape or variety, pulp firmness,
external integrity, colour, and texture when cut. Other highly valued attributes
included product origin, production area, and price. By contrast, some intrinsic
factors were considered less relevant, such as skin thickness, lycopene content,
fruit size (within the same shape or type), and seed presence. Among certifi-
cation types, only ethical certification was regarded as important, while oth-
ers—such as environmental sustainability, nickel-free status, and nutraceutical
properties—were viewed as less influential. Purchase location and packaging
method were rated as moderately important. Finally, the presence of a QR code
on packaging and product advertising were considered the least relevant factors
in the decision-making process.
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Table 1
Attributes and levels used in the DCE.
Attributes Levels
1. Nickel-free certification - Yes;
- No.

2. Origin of the product

3. Packaging material

4. Origin Label (PGI - Protected Geographical Indication)

- Italian, same respondent’s region of residence;

- Italian, different respondent’s region of residence;
- EU country;

- Extra-EU country.

- Plastic;

- Paper;

- 100 % biodegradable.

- Yes;

- No.

5. Eco-sustainability label (products obtained while safeguarding the environment) - Yes;

6. Ethical label (products obtained while safeguarding the

health and safety of workers, without employing child labour, etc.)

7. Organic
8. Lycopene content

9. Price (€/500 g container)

(i.e., the “no choice” alternative). This structure allows for the estima-
tion of preferences while maintaining realism and respondent engage-
ment. An example of a choice card is shown in Fig. 1.

Respondents were randomly assigned to one of two experimental
groups: a control group, which received no nudge stimuli, and a treat-
ment group, which was exposed to the nudge. In this study, we
employed an informational nudging approach, following the typology
proposed by Hansen and Jespersen (2013), and applied in subsequent
work (Congiu and Moscati, 2022; Nielsen et al., 2017). Participants in
the treatment group were asked to read a one-page informational card (a
copy of which is provided in the Supplementary Materials) that pre-
sented concise, evidence-based content on the nutritional, nutraceutical,
and health-related properties of fresh tomatoes. The card was displayed
for a minimum of two minutes. The informational content emphasized
that fresh tomatoes are composed of approximately 94 % water, contain
low levels of macronutrients, and are rich in vitamins (including pro-
vitamin A), minerals, and organic acids. Special emphasis was placed on
their antioxidant profile, which includes over 40 polyphenols and
several carotenoids, with lycopene highlighted as the most abundant
and functionally significant compound due to its well-documented
health benefits.”

The informational card also included a list of key reasons explaining
why tomatoes are considered a healthy food. To assess participants’ a
priori knowledge, we implemented different approaches for the two
subgroups. In the control group (not exposed to the nudge), respondents
were asked to evaluate whether a series of statements describing the
nutraceutical properties of tomatoes were true or false. All of the
statements reflected scientifically accurate information. In contrast,
participants in the treatment group (who received the informational
nudge) were asked whether they had prior knowledge of the specific
nutraceutical properties listed on the informational card before
participating in the survey.

The final dataset comprises 6,054 observations, derived from 1,009

2 Lycopene is mainly present in the outermost part of the tomato and in the
skin (epicarp). In the fresh, free-range product, the lycopene content ranges
from 3 mg/kg in yellow tomatoes to 50 mg/kg in red tomatoes. The daily dose
of lycopene our organism needs is between 5 and 15 mg, roughly equal to what
would be found in about half a kilo of tomatoes. The protective action of to-
matoes increases when cooked and seasoned with oil.

respondents each completing six choice tasks in the DCE. The sample
characteristics are summarized in Table 2 and detailed in the Supple-
mentary Materials. Participants ranged in age from 18 to 80 years, with
a mean age of 52.99 years (standard deviation - SD: 12.97). Men rep-
resented 55 % of the sample, with an average age of 54.00 years (SD:
12.38), average weight of 78.61 kg (SD: 12.87), and average height of
175.23 cm (SD: 7.40). Women accounted for the remaining 45%, with
an average age of 51.81 years (SD: 13.49), weight of 65.70 kg (SD:
15.40), and height of 164.01 cm (SD: 6.69). Regarding socioeconomic
characteristics, 54% of respondents were employed, and 32% held a
university degree. In terms of household income, the largest group
(27%) reported an annual income between 30,000 and €50,000, fol-
lowed by 25% in the €20,000 to €29,999 bracket. The most common
household size was three members, reported by 30% of participants. The
majority of participants reported being non-smokers and not affected by
major health conditions, including obesity, cardiovascular disease, hy-
pertension, or cancer. Most respondents also indicated that they do not
follow any specific diets and have no known allergies to Solanaceae (e.
g., tomatoes) or nickel. Furthermore, only a small minority identified as
vegan or vegetarian.

To ensure the validity of the experimental design, comparison tests
were conducted to assess both homogeneity and heterogeneity across
the two subsamples. Results confirm that the groups are statistically
equivalent with respect to key demographic variables, including age,
gender, educational attainment, and household size (see Table 2).

2.2. Econometric analysis

As part of the preliminary analysis, we estimated both a Multinomial
Logit (MNL) model, which assumes fixed coefficients and homogeneous
preferences across respondents, and a Mixed Logit (MXL) model, which
allows for preference heterogeneity by incorporating random parame-
ters, assuming a fixed distribution for the price coefficient.®

Model comparison based on the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC) strongly favoured the MXL

3 A fixed-price model specification was preferred to the one based on a
lognormal distribution to obtain well-defined WTP distributions for qualitative
attributes, facilitate post-estimation analysis through a simple visual compari-
son of WTP distributions across subsamples.
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Option 1 Option 2
Nickel-free certification No Yes
Origin of the product lta]lan,' same respondent s EU country
region of residence

Packaging material Plastic Paper
Orlgm Label (PGI - Protected Geographical No Yes
Indication)
Eco-sustainability label (products obtained v

. . . es No
while safeguarding the environment)
Ethical label (products obtained while
safeguarding the health and safety of No Yes
workers, without employing child labour,
etc.)
Organic No Yes
Lycopene content Medium High
Price (€/500g container) 4.38 2.99

Fig. 1. Example of choice card.

Table 2
Summary statistics* and results of comparison tests.
Variables Statistics “Nudged” “No-nudged” Whole
subsample subsample sample
Age (in years) Mean 53.24 52.73 52.99
Standard 12.85 13.11 12.97
deviation
MALE (equals to Mean 0.57 0.54 0.55
one if yes) Standard 0.50 0.50 0.50
deviation
EDU (in years) Mean 13.90 13.98 13.94
Standard 3.33 3.18 3.25
deviation
Family size (n.) Mean 2.94 2.87 2.90
Standard 1.07 1.13 1.10
deviation
Tests**: F Prob>F
1. Allowing for
homogeneity:
Wilks’ lambda 0.9975 0.647
Pillai’s trace 0.0025 0.647
Lawley-Hotelling 0.0025 0.647
trace
Roy’s largest root 0.0025 0.647
2. Allowing for
heterogeneity
Multivariate 0.62 0.647
Normality Test
Likelihood Ratio 2.50 0.647

test

" Summary statistics about other variables related to the respondents’ profile,
habits and preferences are reported in supplementary materials.

" These comparison tests assume as null hypothesis the equality of sub-
samples’ means.

specification, which consistently yielded lower values for both criteria.
These results support the use of the MXL model for subsequent analysis.4

MXL model assumes that each respondent has their own parameter
vector ;. Therefore, the probability that the n-th respondent choices the
i th alternative given the set J is:

4 AIC values equal to 10,944 in the MNL model and to 9,757 in the MXL one.
Similarly, BIC values respectively equal to 11,045 and 10,467.

The choice probability is conditional on f3,. Respondents are assumed
to be randomly drawn from a population which is formalized by stating
that the individual parameter vectors are sampled from a continuous
distribution f (). This distribution is often assumed to be normal,
lognormal, uniform or triangular (Train, 2009). In this study, we used
the normal distribution to describe the heterogeneity of respondents’
preferences for qualitative attributes, as already done in similar studies
(De Salvo et al., 2020).

The unconditional probability is then calculated as the weighted
average of the logit formula evaluated at different values of §, with the
weights given by the density f(/#). Given that in this case of study each
respondent faced more than one choice occasion, the probability of
observing a particular sequence of choices for each respondent is the
product of standard logit formulas. In the so-called Panel Mixed Logit,
which allowed us to use a MXL specification in the context of repeated
choices by respondents assuming specific taste distributions (Revelt and
Train, 1998), the unconditional probability that n-th respondent choice
the i-th alternative in the t-th choice occasion is computed using the
following integral (Train, 2009):

P = [P S0 = [ T]Lulpf (s @

where:

- Py is the probability that the n-th respondent (with N = 1009) choice
the i-th alternative (with J = 3) in the t-th choice occasion (with T =
6);

eth(/fJ

- L () = W

- and Vy(p) is the observed (indirect) portion of the utility which in
the case of study is assumed to be linear in attribute levels (xp;) and
parameters (): Vit (8) = fXnjt.

is the logit probability evaluated at parameters f;

Adopting normal distributed f parameters, Eq. (2) became:

Vhit(p)

e
Pu= / S SO @)

1 eVt

where f(|0) is the multivariate probability of  given the distributional
parameters 6.

The vector 0 represents the population-level parameters and char-
acterizes the properties of the assumed normal distributions. It includes
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the mean vector u for the individual parameters f,, the vector of stan-
dard deviations o, and the covariances, as the analysis accout for po-
tential correlation among the parameters in f,. Standard deviations and
covariances are summarized into the variance-covariance matrix Q
which captures both the extent of individual heterogeneity and the in-
terdependencies between preference parameters.

Since the unconditional choice probability defined in Eq. (3) has no
closed-form solution, simulation-based methods are required for model
estimation. In this study, we applied maximum simulated likelihood
estimation, following the approach described by Train (2009), using the
mixlogit routine in Stata (Hole, 2007).

To assess potential attribute overlap, we conducted a series of post-
estimation diagnostics. First, we estimated the correlation matrix of
the attribute coefficients to identify possible multicollinearity. Then, we
re-estimated the model excluding attributes that appeared conceptually
or statistically overlapping, in order to evaluate the stability of the
remaining parameter estimates. These checks confirmed that, although
some attributes shared conceptual similarities, the core parameter esti-
mates remained stable, and the interpretability of the model was
preserved.

The MXL model was estimated for both the full sample and the two
sub-samples, corresponding to the nudged and non-nudged groups.
Comparative analysis across subsamples was conducted by examining
the significance and direction of the estimated coefficients, allowing for
an assessment of how informational nudging influenced preference
structures. It is not possible to compare the magnitude of the coefficients
across models, as they are specified in preference space and therefore
subject to scale differences.

Additionally, we estimated the Cholesky decomposition L of the full
variance-covariance matrix Q, where 2 = (LL’), to derive the correlation
matrix for the random parameters. This enabled an analysis of the
nudging effect not only in terms of changes in coefficient significance,
but also with respect to the significance of the correlation structure
among attributes. Estimates of the mean vector y for the individual
parameters and the variance-covariance matrix Q obtained for the two
subsamples (nudged and non-nudged) were used to generate corre-
sponding multivariate distributions of individual-level preference pa-
rameters. These distributions enabled the derivation of marginal WTP at
the population level and facilitated visual comparisons between the two
experimental groups. In addition, the estimated parameters served as
the basis for behavioural inference, allowing us to construct probabi-
listic demand functions. We conducted simulation exercises separately
for nudged and non-nudged consumers, considering products with both
medium and high lycopene content. All simulations were based on
10,000 random draws, ensuring robust and stable inference.

3. Results and discussion

The data confirm that fresh tomatoes are a staple in the Italian diet.
Approximately 39% of respondents reported consuming <200 g per day,
while 37% indicated a daily intake between 200 and 300 g. Among these
consumers, 60% stated that they consume tomatoes year-round,
whereas the remaining 40% limit their consumption to the spring-
—summer period. Regarding frequency, 63% of participants reported
eating fresh tomatoes several times per week, and 20% consume them at
least once a week. In terms of product freshness, 65% of respondents
reported consuming tomatoes within 2-3 days of purchase. Price
sensitivity varied, but promotional offers emerged as the primary pur-
chasing trigger for 42% of consumers. In terms of preferences, the most
favoured tomato varieties were cherry tomatoes (29%), followed by date
tomatoes (22%), beef tomatoes (15%), and Piccadilly (11%). A strong
preference for red-coloured tomatoes was evident, with 85% of re-
spondents indicating red as their preferred colour. The three most
influential factors driving purchasing decisions were: product origin
(88%), region-linked certifications such as PDO/PGI (74%), and organic
(62%) or environmentally sustainable (60%) labels. These findings align
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with results from previous studies conducted both in Italy and interna-
tionally (De Salvo et al., 2020; Mancuso et al., 2024).°

Among respondents who received the informational card (N = 505),
the overall level of prior knowledge regarding the nutraceutical prop-
erties of tomatoes appeared to be relatively low. Most participants re-
ported being unaware of the various health-related benefits before the
interview, with the exception of a few well-known aspects, such as the
high lycopene content, the hydrating effect on tissues, and the digestive
benefits. For the control group (N = 504), who did not receive the
informational prompt, respondents were asked to evaluate whether the
same statements included on the card were true or false. Most partici-
pants correctly identified the statements as true; however, there was
noticeable uncertainty or incorrect responses regarding the claims that
tomatoes should be cooked and seasoned with oil to enhance their nu-
traceutical properties, and that they offer benefits for visual health.
These findings suggest that consumer knowledge of tomato-related nu-
traceutical benefits is generally limited and fragmented.

Prior to completing the DCE tasks, all respondents were asked to
select the four most important attributes they consider when purchasing
tomatoes, from the set included in the experiment. As illustrated in
Fig. 2, the most frequently selected attributes were product origin,
regional quality labels (e.g., PDO/PGI), as well as organic and envi-
ronmental sustainability certifications.

Coefficient estimates of DCE-MXL model are presented in Table 3.
Based on the magnitude of the estimated coefficients, it becomes evident
that the order of importance stated a priori by the respondents was not
confirmed by DCE, given that the four most important qualitative at-
tributes, derived from the selections made across the choice tasks, are, in
sequence, the regional label, the material used to packet tomatoes, the
organic label and the ethical label.

The price coefficient displays the expected negative sign, indicating
that utility decreases as price increases, and is statistically significant,
confirming its influence on consumer choice behaviour. Moreover, es-
timates indicate that utility increases if the product is nickel-free, PGI-
certified, eco-sustainable (eco), ethically produced (etico), organic (bio)
and has a high lycopene content (lico).

Regarding the provenance of the products, compared to non-EU
products, consumers prefer, in the following decreasing order, prod-
ucts from their own region (same reg), from other Italian regions (oth-
er.reg) or, although to a lesser extent, from other EU countries.

In terms of packaging, compared to plastic, the use of paper (paper)
or biodegradable materials (degr) increases utility, particularly in the
case of biodegradable packaging.

Finally, choosing the option that does not involve purchasing,
generally, results in disutility. The coefficient of the corresponding
alternative specific constant (ASC_none) is in fact negative and highly
significant (p < 0.001).

Heterogeneity in preferences is highlighted by significant estimates
of the coefficients for the standard deviation only for some attributes,
named the nickel free certification, as well as PGI and eco-sustainability,
the provenience of the product from the same respondent’s residence
region and, finally, for the ASC _none.

To assess whether the estimated MXL was affected by potential
attribute overlap, we computed the correlation matrix of the attribute
coefficients (reported in the Supplementary Materials). We then re-
estimated the model after removing attributes exhibiting moderate to
high correlation with others,specifically “etico” (which showed a cor-
relation of 0.76 with “PDO”) and “bio” (which correlated at 0.49 with
“lico”). Comparison of these results with those from the original model
indicates that the key mean coefficients remained stable in sign,
magnitude, and statistical significance. These findings suggest that the
exclusion of overlapping attributes does not materially impact the main

5 Figures and Tables related to such issues are reported in the Supplementary
Materials section.
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26%

43%

45%

Eco-sustainabilty label | <o’

organic procct | ¢

Regional labe! N 7

productorigin - [ .

Fig. 2. A priori importance assigned by respondents to attributes included into the DCE.

results, thereby confirming the robustness and reliability of the model
estimates. Full details of this analysis are provided in the Supplementary
Materials.

A comparison of the coefficient estimates from the MXL models,
separately estimated for the nudged and non-nudged subsamples, re-
veals important differences in consumer response to lycopene content.
In the non-nudged group, the coefficient for lycopene is not statistically
significant, suggesting that, in the absence of the informational prompt,
this attribute does not meaningfully influence choice. In contrast, in the
nudged group, the lycopene attribute becomes highly statistically sig-
nificant (p < 0.001), both in terms of the mean and the standard devi-
ation of the random parameter. This indicates that the informational
nudge not only enhances the overall importance of lycopene content in
consumer preferences but also increases preference heterogeneity for
this attribute. Overall, the informational nudge has a substantial impact
on model estimates, resulting in notable differences in the significance of
coefficients compared to the non-nudged subsample. In the non-nudged
subsample, respondents appear to consider all attributes (except for
lycopene content) and exhibit preference heterogeneity for several at-
tributes, including nickel-free (nickel), PGI certification (PGI), eco-
labeling (eco), ethical certification (etico), organic (bio), and ASC none.
By contrast, in the nudged group, respondents do not assign significant
importance to the nickel-free characteristic or PGI certification and
perceive no meaningful difference between tomatoes sourced from EU
and non-EU countries. However, preferences in this group remain het-
erogeneous for attributes such as nickel-free, eco-labels, lycopene con-
tent, paper packaging, and PGI, despite the latter not being statistically
significant. Importantly, the signs of significant coefficients are consis-
tent across both subsamples, indicating that the direction of preferences
remains stable, even though the salience and strength of certain attri-
butes are affected by the nudging intervention.

Fig. 3 compares the results of the two models, focusing on the sig-
nificance of the variance-covariance matrix estimates derived from the
nudged and non-nudged subsamples (see Supplementary Materials for
full matrices). The findings reveal mixed effects of the informational
nudge on preference heterogeneity, as reflected in the significance of the
standard deviation coefficients. Specifically, significance increases for
certain attributes, such as nickel-free, PGI certification, and lycopene
content, while it decreases for others, including eco-label, ethical label
(etico), organic (bio), paper packaging, and biodegradable packaging
(degr). These results indicate that nudging does not exert a uniform in-
fluence on heterogeneity across attributes. In contrast, nudging has a

more pronounced and consistent effect on the significance of the
covariance coefficients, which reflect correlations between preferences
for different attributes. As shown in Fig. 3, many of the covariance terms
that were statistically significant in the non-nudged sample become non-
significant under the nudged condition. Specifically, 25 out of 26
covariance coefficients lose significance in the nudged group. The only
correlation that remains significant across both models is between
lycopene content and regional origin, suggesting a persistent link in
consumer valuation of these two attributes. Interestingly, in three cases,
covariance coefficients that were not significant in the non-nudged
sample emerge as significant in the nudged group. There are at least
two plausible explanations for this finding. First, nudging may not only
suppress existing correlations between preferences but also introduce
new patterns of correlation, as observed in the emergence of a few sig-
nificant covariance terms in the nudged sample. Second, nudging may
influence the cognitive approach participants adopt when completing
the DCE. As highlighted in the literature, informational nudges tend to
promote more deliberate and rational decision-making, encouraging
respondents to focus on explicit trade-offs between attribute levels
rather than relying on heuristics or considering attributes jointly. This
shift in decision strategy places greater emphasis on the evaluation of
individual attributes, potentially reducing the perceived importance of
attribute interactions. As a result, responses become more precise and
consistent, which may explain the increased significance of the
individual-level coefficients and the reduced significance of correlation
terms in the nudged group. Additional findings appear to support this
last interpretation. Specifically, the mean coefficient estimates show
improved statistical significance in the nudged subsample, suggesting
more precise estimation of preferences. Moreover, for certain attributes,
such as ethical certification (etico), organic (bio), and ASC status quo,
preferences appear to be more homogeneous among respondents
exposed to the nudge. This further reinforces the idea that nudging
promotes a more rational and consistent decision-making process. By
simplifying the choice task and helping to reduce hypothetical bias,
nudging appears to enhance the overall quality of respondent choices
(Caputo and Scarpa, 2022).

Fig. 4 exhibits how respondents perceived the effort required to ex-
press their preferences during the DCE. It considers both the presence or
absence of nudging, and whether respondents evaluated all or only some
attributes in their decision-making process. Results show that 35% of
respondents only partially considered all available attributes when
completing the DCE, a finding that aligns with previous research in the
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Table 3

Estimates of mixed logit model.
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field (De Salvo et al., 2020). However, a deeper analysis reveals a subtle
difference between the two sub-samples: the percentage of respondents
reporting the occurrence of ANA phenomena is slightly higher in the
nudged group (36%) compared to the non-nudged group (34%). This
suggests that nudging may have modestly increased the cognitive effort
required from participants. This effect becomes more pronounced when
examining self-reported cognitive effort. Among participants who
acknowledged using heuristic decision strategies, such as partially
considering the attributes, the proportion who found the experiment
slightly tiring increased markedly in the nudged group, rising from 30%
to 41%. A smaller yet notable increase was also observed in the share of
participants who reported the task as moderately tiring, which rose from
39% to 41%. These shifts suggest that informational nudging may in-
crease perceived cognitive load, particularly among those already
engaging in simplified decision-making strategies. When analysing
which attributes were most frequently considered under heuristic
decision-making, distinct patterns emerge between the two subsamples.
In the non-nudged group, respondents most commonly focused on a
limited set of attributes, with the most frequent heuristics involving only
origin (11%), origin and price (9%), origin and PGI certification (7%),
only price (5%), and origin with organic certification (5%). In contrast,
in the nudged group, the most frequent heuristic combinations were
origin and price (12%), only origin (9%), only price (6%), origin,
packaging, and price (4%), and origin, organic certification, and price
(4%). All other attribute combinations appeared with lower frequencies
in both subsamples. These results suggest that while origin and price
consistently dominate simplified decision strategies, nudging may subtly
shift the salience of certain attributes (e.g., packaging or organic certi-
fication) in heuristic processing.

The combined findings from Figs. 3 and 4 offer a clearer under-
standing of the effects of nudging in the DCE. Fig. 3 reveals that nudging
influences the significance of the variance-covariance estimates. While
nudging improves the significance of some standard deviation co-
efficients associated with individual attributes, it simultaneously leads
to a decline in the significance of most covariance coefficients. This
pattern suggests that nudging may prompt respondents to focus more on
evaluating attributes individually, rather than considering potential
interactions between them. As a result, the estimates for individual at-
tributes become more precise and internally consistent.

Fig. 3 contributes an important behavioural insight to these findings.
While nudging appears to encourage a more rational and structured
decision-making process, it also seems to slightly increase cognitive
burden. This is evidenced by a higher proportion of respondents in the
nudged group who reported partially considering the attributes and who
described the choice tasks as mentally tiring. These results support the
notion that nudging helps to simplify decision-making by directing
attention to key trade-offs but may also inadvertently heighten cognitive
effort for some participants, particularly those already inclined to rely
on heuristic processing.

Interestingly, the analysis of heuristic patterns reveals that re-
spondents in both the nudged and non-nudged subsamples tended to
prioritize similar key attributes, most notably, origin and price. However,
in the nudged group, heuristic combinations involving these attributes
(e.g., origin and price) were more frequently observed, suggesting that
the nudge effectively guided respondents’ attention toward specific,
salient dimensions of the choice task. This finding supports the inter-
pretation that nudging may encourage more deliberate and attribute-
focused decision-making, while simultaneously reducing reliance on
attribute interactions or more complex trade-offs. Taken together, these
results point to a dual effect of nudging. On one hand, it enhances the
significance and internal consistency of individual attribute estimates,
thereby improving the quality of the data and robustness of preference
inference. On the other hand, it appears to increase cognitive effort, as
indicated by a higher incidence of self-reported fatigue and partial
attribute processing. This trade-off is critical when designing nudging
interventions. While nudges can support more thoughtful decisions, they
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Heatmap of Significant Relationships (Nudged Subsample)
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Fig. 3. Changes in the significance levels of variance—covariance coefficient estimates between non-nudged and nudged subsamples.

without nudging

39%
37%

30% 29%
24%
18%

12%
9%

Slightly Moderately Quite tiring Extremely
tiring tiring tiring

1%

1%

Not at all
tiring

M | considered all the attributes

I only considered some of them

with nudging
41%

32%
29%

32% 31%
16%
8% 9%

Slightly Moderately Quite tiring Extremely
tiring tiring tiring

1% 2%

Not at all
tiring

M | considered all the attributes

I only considered some of them

Fig. 4. Self-reported cognitive effort during the DCE and declared onset of Attribute Non-Attendance (ANA).

Table 4
Summary statistics of marginal WTP estimates.

Attributes No-nudged sub-sample Nudged sub-sample
Mean Standard Deviation Mean Standard Deviation
nichel 0.59 1.17 0.19 1.01
PGI 0.23 1.16 0.17 0.87
eco 0.57 1.30 0.33 0.71
etico 0.49 0.98 0.38 0.41
lico 0.19 1.05 0.46 0.91
bio 0.60 1.60 0.36 0.50
same_reg 3.11 4.54 2.14 2.92
UE 0.63 1.78 0.27 0.77
other reg 2.44 4.27 1.67 2.58
paper 0.51 1.74 0.49 1.07
degr 0.67 1.86 0.73 0.76

may also raise the risk of participant fatigue or disengagement, partic-
ularly in complex choice environments.

Table 4 summarizes the marginal WTP distributions for both non-
nudged and nudged respondents. The results indicate that the infor-
mational nudge has a significant effect on mean WTP estimates. Notably,

the marginal WTP for lycopene content increases markedly, rising from
€0.19 per package in the non-nudged group to €0.43 per package in the
nudged group, highlighting the impact of the nudge in elevating the
perceived value of this functional attribute. However, the nudge also
appears to influence WTP for competing attributes. Specifically, average
marginal WTP values for characteristics such as nickel-free, PGI certi-
fication, eco-sustainability, product origin, organic production, and
ethical certification are consistently lower among nudged respondents
compared to their non-nudged counterparts. This suggests a reallocation
of attention and perceived value toward lycopene at the expense of other
health- or sustainability-related attributes. By contrast, the marginal
WTP for packaging-related attributes, such as paper-based and 100%
biodegradable materials, shows less pronounced differences between
the two groups, indicating that nudging had a more limited impact on
preferences related to environmental packaging.

Fig. 5 displays the marginal WTP distributions for nudged and non-
nudged respondents. The shape of the distributions clearly illustrates
that the nudging intervention significantly alters their form, making them
systematically leptokurtic in the nudged group across all attributes. This
result suggests that marginal WTP values among nudged participants are
more tightly concentrated around the mean, with fewer extreme values
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Fig. 5. Marginal WTP distributions.

compared to those in the non-nudged group. These findings reinforce the
notion that nudging promotes more consistent and focused decision-
making. By reducing the dispersion of WTP estimates, the nudge appears
to encourage respondents to engage in a more structured and systematic
evaluation of attribute trade-offs, thereby reducing behavioural noise and
improving the reliability of preference inference.

Fig. 6 illustrates the predicted demand curves for nudged and non-
nudged consumers, focusing on tomatoes with medium and high lyco-
pene content. The behaviour of the demand functions indicates that
increasing lycopene levels shifts the demand curves upward and, in
some cases, causes them to rotate, depending on both the type of tomato
and whether the consumer was exposed to the informational nudge. As



M. De Salvo et al.

Future Foods 12 (2025) 100722

Bio, EU, paper
Lycopene content_no nudged Lycopene content_nudged
o _| Qe 4
o _| -]
e Legend o Jas
— Madium lycopane contant o
High lycopene content — Medium lycopene content
== High lycopene content
© |
> < <
= > <
8 3
[ SR <4
o 0 «
24
~
D‘ T o~
o
= - .
S e
T T T T T T T < | e maam T T
(=]
0 1 2 3 4 5 6 T T T T T T T
price 0 1 2 3 4 5 6
price
Nickel free, eco, etico, bio, EU, paper
Lycopene content_no nudged Lycopene content_nudged
< o
< | ©
o ‘ Legend e 7 Legend
‘\‘5\\ —— Medium lycopene content —— Medium lycopene content
S High lycopene content High lycopene content
o | @
z ° § z °
3 ¥ £
£ 5
s =
N . o
=] O 1
g s =
L I J T ] T J T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
price price
Nickel free, PGI, eco, etico, bio, same_reg, paper

Fig. 6. Predicted demand functions in response to lycopene content across tomato types for nudged and non-nudged consumers.

expected, non-nudged consumers exhibit relatively low sensitivity to
changes in lycopene content, with minimal variation in demand across
scenarios. In contrast, nudged consumers respond more strongly,
particularly for European-sourced, organic tomatoes packaged in paper
materials, regardless of the presence or absence of additional value at-
tributes such as nickel-free, eco-sustainable, or ethical certifications.

Across all simulated conditions, nudged consumers demonstrate
more elastic demand curves compared to their non-nudged counter-
parts, indicating a greater responsiveness to price and attribute changes.
However, demand responses to lycopene content are less pronounced for
locally produced tomatoes, even among nudged participants, suggesting
that local origin may act as a dominant cue, reducing the marginal in-
fluence of other health-related attributes.
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4. Conclusions

This study employed a DCE to investigate the effect of nudging on
consumer behaviour regarding fresh tomatoes, with a particular focus
on its impact on cognition, preference heterogeneity, and marginal WTP
for lycopene content and other intrinsic and extrinsic product attributes.
Although the nudge was designed to provide information about the
nutraceutical properties of tomatoes, its influence extended beyond
lycopene. The results show that nudging significantly affected prefer-
ences for a range of attributes, not just the one directly highlighted in the
informational prompt.

One key finding relates to the Cholesky decomposition of the var-
iance—covariance matrix, where nudging improved the significance of
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the variance coefficients for several attributes (e.g., lycopene, nickel-
free, and PGI certification) while reducing the significance of many
covariance terms. This pattern suggests that nudging encouraged re-
spondents to focus more on individual attributes, diminishing attention
to potential interactions among them.

In addition, results indicate that nudging slightly increased cognitive
effort. This was evidenced by a higher share of participants in the
nudged group reporting partial attribute processing and greater mental
fatigue. While nudging supported a more rational, trade-off-based de-
cision-making process, it was also associated with a modest increase in
ANA and heuristic-based behaviour, as more participants simplified
their choices by ignoring certain characteristics.

Nudging also had a substantial impact on marginal WTP distribu-
tions, particularly for lycopene content. The average WTP for lycopene
rose from €0.19 to €0.43 per package in the nudged group. However,
WTP for other attributes, such as nickel-free, PGI, eco-sustainability,
origin, organic, and ethical certification, tended to be lower among
nudged respondents, suggesting a reallocation of perceived value to-
wards the attribute emphasized by the nudge. Moreover, the WTP dis-
tributions for nudged participants appeared more concentrated around
the mean, indicating greater consistency and reduced variability,
consistent with more systematic and focused decision-making.

In summary, the findings highlight a dual effect of nudging. On the
one hand, nudging enhances preference consistency and improves the
statistical significance of individual-level estimates. On the other, it in-
troduces slightly greater cognitive demands, as participants become
more focused on trade-offs but may also experience decision fatigue.
Additionally, nudging tends to narrow attention toward certain attri-
butes, reducing consideration of more complex attribute interactions.
Overall, while nudging improves decision quality, its potential cognitive
cost must be carefully weighed.

While this study offers valuable insights, several limitations must be
acknowledged. First, phenomena such as ANA and cognitive effort were
measured through self-reported debriefing questions after the DCE. As is
well documented in the literature, self-reports are not always reliable in
capturing actual cognitive processes. Future studies should complement
this approach with objective measures, such as eye-tracking, response
time analysis, or neurophysiological tools, which offer direct insight into
attention allocation and cognitive load. However, such methods often
involve higher costs and smaller sample sizes, posing practical con-
straints. Second, the design of the DCE may have introduced some
conceptual or perceived overlap among attributes, especially given the
complexity of real-world tomato purchasing decisions. This overlap
could lead to multicollinearity, which, although typically handled well
by MXL models, may still affect the separation and interpretation of
effects. To address this, we conducted robustness checks by examining
attribute correlations and re-estimating models excluding highly corre-
lated attributes. Nevertheless, some residual confounding effects may
remain. Third, the analysis focuses exclusively on information-based
nudging, which appeals to rational, cognitive pathways. Other forms
of nudging such as emotional cues, visual prompts, or choice architec-
ture interventions, may produce different behavioural effects. As such,
the generalizability of our findings is limited to informational nudges,
and caution is advised when extrapolating to other types of behavioural
interventions. Finally, the study is based on stated preference data,
which reflect hypothetical choices rather than real market behaviour.
Although stated preference methods are widely accepted in the litera-
ture and offer robust insights, they remain subject to hypothetical bias,
whereby respondents may overstate or misrepresent their true prefer-
ences. Future research should seek to validate these findings using
incentivized experiments or real-world behavioural data to confirm the
reliability of the WTP estimates.

Despite these limitations, this study provides compelling evidence
that nudging can meaningfully influence consumer preferences, espe-
cially in relation to functional food attributes like lycopene content. By
promoting more consistent, rational decision-making, nudges can be a

11

Future Foods 12 (2025) 100722

powerful tool for aligning consumer behaviour with public health and
sustainability goals. From a policy and marketing perspective, the
findings suggest that strategically implemented informational nudges
can enhance the perceived value of health-related attributes, improve
the quality of consumer decision-making, and potentially support the
adoption of healthier, more sustainable diets. However, it is crucial to
balance these benefits against the risk of cognitive overload, ensuring
that nudging interventions remain effective without overwhelming
consumers.
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