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Abstract: Labels play a strategic role in communication, representing the interface between consumers
and the food system. Consumers’ ability to correctly understand product label information was
essential for health and safety, making a sustainable choice, as also demonstrated by the Federal
Regulations of USA, which define several guidelines to increase the readability of labels. Human Factor
studies the interface design in order to assure users’ safety, comfort, and productiveness. So, it could
be applied in label design to enhance consumers’ safeguard and healthcare. The aim of this study is to
analyze the fields of application of the Human Factor in label design to evaluate the current methods
of utilization in the food industry. A two-step literature review was applied, using bibliometric and
content analysis. From bibliometric analysis, 6 clusters of themes and the predominance of medical
terms arose. The absence of terms related to the food domain is surprising. So, a content analysis
on lead papers’ sample related to the Food Industry was carried out to identify evidence about the
human factor in food label design. From content analysis, 2 groups of works’ results, focused on
the possibility to consider the human factor in: i) pharmaceutical label design, ii) food label design,
respectively. The studies in food label design primarily focused on label readability related to content
positioning and not on its understandability. The practical implications of the study include the
construction of a new concept of label in terms of contents and communication channels.

Keywords: human factor; food label design; consumer health; consumer safety; systematic literature
review; bibliometric analysis

1. Introduction

Consumers’ ability to correctly understand information shown on product labels can be essential
for health and safety [1] or to simply make an informed choice regarding sustainability, respective of
personal principles and values [2–4]. Indeed, informed decision-making depends on people’s ability
“to accurately evaluate and understand information about risk” related to a product or a situation [5].

Although this statement can be valid for many types of products, in some fields, such as food and
drugs, it assumes a stronger value, leading to the necessity of building safety into labels design [6].

In recent decades, the consumers’ need to have detailed information about food ingredients has
grown, because of allergies, dietary restrictions, or drug interactions [7]. As many as 98,000 people die
each year due to preventable medical errors such as the selection of the wrong drug [8,9]. This evidence
highlights that human error reduction in healthcare is still an urgent priority [10,11].

For this purpose, a good drug label design could be based on expertise and sound human-centred
design principles [12]. Three aims can be attributed to labelling of food products [13]: (1) information

Sustainability 2019, 11, 4019; doi:10.3390/su11154019 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-5216-5366
https://orcid.org/0000-0001-8686-5109
https://orcid.org/0000-0002-6771-509X
https://orcid.org/0000-0002-1816-5028
https://orcid.org/0000-0002-2977-3811
http://www.mdpi.com/2071-1050/11/15/4019?type=check_update&version=1
http://dx.doi.org/10.3390/su11154019
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 4019 2 of 14

for consumers, (2) protection of the consumers, (3) fairness in trade. These aims are interrelated:
“correct information on the identity, nature and composition of the food should prevent the consumer
to make choices which are inappropriate healthy diet and should guarantee equal opportunities for
the marketing of comparable foods” [13].

According to this logic, the United States of America (USA) code of Federal Regulations proposes
the same legislation for food and drug products, which seeks to increase the readability of labels in
order to reach development, by consensus among consumers, manufacturers, and health professionals,
of new label formats which are more understandable than earlier formats [14,15]. Indeed, Food and
Drug products are similar in consumption mode and in their effects on consumer healthcare.

On the other hand, there is a growing interest about sustainability issues among consumers [16]
(economic, environmental and social), which has potential implications for the label claims [17].

Moreover, in the light of numerous hazards which affected agri-food industry [18] and mislabelling
practices [19,20], consumers’ preference for stricter monitoring and control of food products and
fraudulent production practices have increased [21], to ensure the safety and healthcare of people.

For that reason, consumers embrace movements such as Food Democracy [22] or Food
Citizenship [23], considered by [24] as keys to the transformation of agri-food systems in the long run,
taking into account moral, ethical, health, or sustainability issues in the consumption choices process,
with repercussions also on the label claims. Based on these preliminary remarks, we find that the
label plays a strategic role in the communication process, because it represents the interface between
consumers and the food system product [25], creating a communication channel in the absence of a
face-to-face relationship [26].

In this regard, the recent literature shows that the product and service delivery process could be
improved by the use of the Human Factor [27].

The Human Factor is a process referring to the design of machines, systems, work methods,
and environments to consider the safety, comfort, and productiveness of human users and operators [28].
Human Factor design is widely applied in computer graphics interaction [29–33] as well as human
and robot interaction [34–37] to take into account ”in a broad sense to include, unsafe acts (including
human error and violations),and also other factors, such as individual, organizational, technological,
and environmental factors, that might be considered to have an effect on human or system
performance” [9]. Labels on food products represent the interface between the food company
and consumer. It is used to communicate the product information, leading the consumer to make
a healthy and safe food choice. So, proper labelling and inclusion of detailed information about
the product could be considered in the label design to improve consumers’ understanding about
healthiness and sustainability, particularly in the food sector. Indeed, for food products, the length of
the supply chain and the type of distribution make the label the main communication tool between
user and producer.

So, the following research questions arise:

Is “human factor” applied to “label” design in the current scientific scenario?
What are the fields in which these concepts have been most explored?
How do these concepts find application in the Food Industry? Are they used to assure
consumers healthcare?

In order to give an answer to the abovementioned research questions, the literature review method
was chosen. The first step considered a bibliometric analysis, which was used to identify the fields
of Human Factor application, followed by a systematic content analysis to identify how this concept
could be applied in the food industry.

2. Materials and Methods

In order to provide answers to the aforementioned research questions, a literature review method
was chosen, highlighting the boundaries of knowledge [38]. A systematic literature review gains
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recognition as a valid and important approach to “construct evidence from evidence” [39] and,
as proposed by [40], it needs an iterative process that encompasses the definition of appropriate
search keywords, the literature search and its analysis, so, following a structured methodology is
recommended [41]. Considering this approach and following PRISMA guidelines [42], a 3-step
methodology for data collection and analysis was used to identify how Human Factor is applied to
label design (Figure 1). The steps are as follows:

• defining search scheme and sample definition;
• initial statistical analysis on sample;
• data analysis.
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Figure 1. Methodology for data collection and analysis according to PRISMA guidelines.

Particularly, the used literature review process was iterative. Indeed, from phase 3 after bibliometric
analysis, results lead us to focusing the analysis on a subsample of paper, returning to phase 1 and
applying the selection criterion in Table 1.

Table 1. Selection criteria.

Selection Criterion Motivation

First The paper must contain the word “food.” Because the objective of the study is focused on
the Food Industry.

Second The paper must treat the issue related to label
as a communication tool in any industry.

Because good approaches are already applied
in other industries, could be transferred to the

Food Industry for food label design.

Third Availability of document in English language. Because we had to be able to evaluate its
contents.

2.1. Defining the Search Scheme and Initial Search Results

Keeping in mind the objective of this paper, keywords that fully cover the theme in exam were
selected: “Human Factor” and “Label.” Only a combination was used: “Human Factor” AND “Label.”
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The scope is to identify all works coming from literature that treat the two items at the same time,
showing or not, any links between them.

The terms were searched into in the following indexed electronic scientific databases:

• Web of Science, published by Thomson Reuters, is considered the most important source of
scientific data [43]; and

• Scopus, managed by Elsevier publishing, more comprehensive than the first one that encloses
only ISI-indexed journal [44] and recommended as a good source [45].

The paper research in the database took place in October 2018. Particularly, the search in the Web
of Science was conducted in “Title” and “Topic,” choosing “all database,” meanwhile the research in
Scopus was conducted in “Article title, Abstract, Keywords” following the standard setting of database.
In order to identify all works about Human Factor and Label, any temporal restriction was set.

An initial sample of 219 papers was identified, excluding duplicates (Web of Science data-base:
50; Scopus database: 189; Duplicates: 20).

The search results were exported in CSV and txt formats, storing all needed paper information:
title, authors’ names, authors’ affiliations, abstract, keywords, and references.

2.2. Initial Data Statistics

Figure 2 shows the trend in quantity of papers published.
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The first result that arose from analysis of the publishing trend is the consistent increase of
publications on human factor and label from 2000 till now. This result confirms the major attention
given by the scientific panorama to the association between human factor and label issues, probably as
a result of the increase, in the same historical period, of general awareness about health, safety,
and sustainability issues [46–48]. The first statistics on the initial sample of works show that 136
journals have contributed over time to the publication of 219 papers. It was found that 10 journals
have published 83 of these identified articles, representing approximately 38% of all papers published.
Figure 3 shows the journals in which these papers appeared.
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Moreover, starting from the information available on indexed electronic scientific databases,
the sample was analysed in order to identify the research areas of the works.

Thirty-nine categories of research area arose. Through an aggregation process that regrouped the
research areas in the same branch of knowledge, 10 macro-categories were identified (for example:
haematology, immunology, paediatrics, oncology, neuroscience, neurology were grouped in the
Medicine macro-category). Each paper can treat themes related to more categories as shown in Table 2.

Table 2. Macro-categories of research areas.

Macro-Category Counting

Medicine 131
Engineering 122

Social Science 50
Bio-Chemical 29

Pharmacology, Pharmacy 22
Environmental Science 16

Math and Physics 13
Psychology 10

Business and Economics 9
Health Care Science 9

Medicine and Engineering were the fields in which the relationship between “label” and “human
factor” was more evaluated. Starting from the objective of the study focused on the food industry, it is
interesting to underline that many categories related to the food system emerged, except for the category
“Agricultural and Biological Science,” encompassed into the “Environmental Science” macro-category.

2.3. Data Analysis

Data analysis is conducted in two consecutive parts including a “bibliometric analysis” and
a “systematic content analysis.” Bibliometric analysis is becoming a fundamental methodology for
analysing research [49]. This kind of analysis has been widely used in the past (e.g., [50,51]) and has
been used in many disciplines to better understand the nature of scientific activity [51–53] and it has
also been applied to Human Factor studies [54].

So, in this work, bibliometric analysis was carried out in order to recognize the most recurrent
themes in the Human Factor and Label fields, their relations, and the timing by which these themes are
treated. For this scope, a network analysis and graphical investigation on text data was realized in
order to create a term co-occurrence map using VOSviewer software [55–57]. Unlike most computer
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programs that are used for bibliometric analysis and mapping, VOSviewer is more focused on the
graphical representation of bibliometric maps, functionally useful for displaying large maps in an
easy-to-interpret way [58].

Bibliometric analysis was chosen because, when performed at the macrolevel, it is able to supply
a general assessment of a research field as a whole, thus obtaining an answer to the following research
question: What are the fields in which these concepts have been most explored?

The results obtained from bibliometric analysis were surprising, since the food field does not
appear among the other ones. So, a content analysis was carried out iterating the literature review
process on a lead subsample of papers to investigate how Human Factor is applied in food label design
and if it was used to assure consumers’ healthcare in food eating. The content analysis is a qualitative
method for analysing the meaning of a study, allowing researchers to describe the topics and themes
that are most meaningful to the research objectives of the study [59].

Following the approach proposed by ref. [60], a subsample composed by lead papers was defined
and carefully analysed from a contents point of view. The criterion used to define the lead papers
subsample are shown in Table 1. The subsample of analysis is composed by 7 works, as shown
in Table 3.

Table 3. Works that composed the subsample of analysis.

Title Authors Year Journal

Applying human factors to
develop an improved package

design for (Rx) medication drug
labels in a pharmacy setting

Julie M. Gerhart, Holly
Spriggs, Tonja W. Hampton,
Rose Mary B. Hoy, Allison Y.

Strochlic, Susan Proulx,
Debra B. Goetchius

2015 Journal of Safety Research

Structure Matters:
Effects of Semantic Relatedness

and Proximity on Consumer
Search and Integration Tasks

John Grishin, Douglas J.
Gillan 2016

Proceedings of the Human
Factors and Ergonomics

Society 2016 Annual Meeting

Formatting Food Labels for Safety
and Health: Finding the

Ingredients Faster

John Grishin, Will
Walkington, Michael S.

Wogalter
2015

Proceedings of the Human
Factors and Ergonomics

Society 59th Annual Meeting

Improving Food Labels for Health
and Safety: Effects of Ingredients
List Placement on Search Times

John Grishin, Michael S.
Wogalter, Will Walkington 2016

Proceedings of the Human
Factors and Ergonomics

Society 2016 Annual Meeting

Naming, labelling, and packaging
of pharmaceuticals

John W. Kenagy, Gary C.
Stein 2001 American Journal of

Health-System Pharmacy

Configurable Displays Can
Improve Nutrition-Related

Decisions: An Application of the
Proximity Compatibility Principle

Christopher J. Marino,
Robert P. Mahan 2005 Human Factors

Using Human Factors Methods to
Evaluate the Labelling of

Injectable Drugs

Kathryn Momtahan,
Catherine M. Burns, Jennifer
Jeon, Sylvia Hyland, Sandra

Gabriele

2008 Healthcare Quarterly

3. Results

In the following subsections, results coming from the two different analyses conducted, Bibliometric
analysis and Systematic content analysis, are shown.

3.1. From Bibliometric Analysis

The sample of 219 papers was analysed in order to identify the research areas.
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Bibliometric analysis was carried out in order to count the recurring terms in “Title” and “Abstract”
and create a term co-occurrence map using Network analysis and graphical investigation. The minimal
recurring term frequency chosen is 2. So, according to the full counting method, 622 terms recurred,
but only 117 recurred the last 2 times. The term list was cleaned from numbers, common terms (“what,”
“fact,” etc.), articles, verbs, conjunctions and other terms with low meaning, leaving active 113 terms.
The network was composed of 6 clusters of themes, each one indicated by a different colour. Figure 4
encompasses the 6 clusters, the evolution over time of the general terms network and the focus of
Human Factor node using the related image coming from VOSviewer.
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Cluster 2 (green colour) was composed of 23 items referred to as the therapy sphere, such as
“dose,” “fix,” “therapy,” “vector,” “gene transfer,” etc.

Cluster 3 (blue colour) was composed of 22 items referred to as the organizational system sphere,
such as “district,” “performance,” “system,” “factor,” “process,” “company,” “human factor,” etc.

Cluster 4 (olive green colour) was composed of 12 items referred to as the biochemistry sphere,
such as “ligand,” “binding,” “exosite,” “affinity,” etc.

Cluster 5 (lilac colour) was composed of 12 items referred to as the medical laboratory technology
sphere, such as “FVII Rag,” “diagnosis,” “uea,” “sinusoidal endothelial cell,” etc.

Cluster 6 (light blue) was composed of 9 items referred to as the medical studies sphere, such as
“study,” “use,” “risk,” “mortality rate,” “cardiac surgery,” etc.

Figure 4 shows how these themes have evolved over time, where the blue nodes have been treated
for a long time (since 2000) and the green and yellow ones are more recent (respectively, since 2010 and
2015).

It is interesting that all clusters denote a medical print but are never related to the Food Industry.
Moreover, even if the term “label” was used as a selection keyword, it does not compare in any cluster.
However, “human factor,” present in Cluster 3, was related to the following concepts: “performance,”
“company,” “success,” “district,” “process,” “factor,” “study,” “mortality rate,” “efficacy” (Figure 3).

Analysing this concept from a time point of view, it arose that “human factor” compares in the
scientific scenario from 2012, underlying the novelty of the issue.

3.2. From Systematic Content Aanalysis

In order to identify how the relationship between “label” and “human factor” was treated in the
Food Industry, the papers in Table 3 were analysed using systematic content analysis.

Ref. [8] propose a study focused on medications label design considering concepts related to
Human Factor. The word “Food” arose only in relation to the regulation “US Food and Drug
Administration (FDA)” that establishes the guidelines for labelling and packaging in the related
industries. The authors proposing usability and validation tests, respectively on a sample composed
of 8 and 25 people. Thanks to the information from the experiment, a new label with a high level of
readability was defined. Also, ref. [61] consider the Human Factor in labelling of injectable medications
in order to understand if bad readiness is the cause of the high number of in-hospital medication errors.
In a survey conducted on doctors and medications, it arose that many medication labels do not comply
with the Canadian Food and Drug Regulations for labelling. Also, ref. [62] focus on the same issue
about medical errors related to naming, labelling, and packaging of pharmaceuticals, discussing how
the medication-use system and drugs packaging do not consider the human factor.

Ref. [63,64] are similar studies where the authors analyse the velocity of the consumer to identify
the ingredient list depending on its position on the label. Several hypotheses of influencing factors
from literature are considered and several layouts were created for the same food product. Particularly
in the layouts analysed were 4 and 30, for the first and second one, respectively. It arose that there is a
correlation between the speed in ingredients list recognition and: i) its positioning in the label (top,
bottom, right, etc.); ii) its adjacency with other elements (nutritional facts panel and other). Moreover,
in ref. [63], authors study if positioning in label layout, items with semantic relatedness increase
the readiness of label. Twelve label items were identified and, using a survey method, its semantic
relatedness was identified. So, 3 layouts with similarity, dissimilarity, and random positioning were
designed and administered to a sample of people. The results showed that search task performance
improved according to semantic relatedness.

Ref. [65] investigate the relationship between nutrition label format and decision-making of
consumers. The study was based on the theoretical principle of the Proximity Compatibility Principle
(PCP). Three experiments were realized to present nutrient data with different levels of proximity in
the design of label format. It arose that the decision performance in the context of nutrition labels
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was better supported when the visual and cognitive processing requirements of decision-making
were matched.

4. Discussion and Conclusions

The study starts from the assumption that labels represent the interface between the food system
and consumers, and it could be designed according to Human Factor principles to assure safety and
health. The results coming from the literature review were presented above and demonstrate how
Human Factor was applied to label design. The following subsections discuss the results of the work
and propose the conclusions of the study, including implications and potential applications, limitations,
and future trends, to the best of our knowledge.

4.1. Discussion from Results

The first issue worthy of debate emerging from the bibliometric analysis is the predominance
of terms coming from the medical world. This is also confirmed by the initial statistical analysis
where the Medicine and Engineering fields were the ones that treated the relationship between “label”
and “human factor” more. However, it is necessary to underlie the ambiguity of the meaning that
words like “label” and “human factor” have in several contexts. In fact, even if in this work the
“label” is understood as the physical interface between product and user/consumer, the term has been
given a different meaning, particularly in the medical and pharmaceutical spheres (i.e., “open-label,”
“off-label”). In the same way, the terms “factor” and “human,” not connected to each other, take on a
more different meaning, most of which stem from medical and biomedical spheres (i.e., “human CL
RHFVIII”). This could be the reason why there are many works from the medical field. Moreover,
the term “human factor” appears in Cluster 3, with other terms referred to the organizational system.
It comes related to concepts like “performance,” “company,” “success,” “district,” “process,” “factor,”
“study,” “mortality rate,” “efficacy.” Starting from this point of view, a second opportunity of debate
emerges. Each term becomes more meaningful if located, another time, in the medical sphere. In fact,
regarding the health organization, the terms deriving from the analysis could refer to an organizational
system in which a multiplicity of different components (personnel, technology, environment) interacts
in complex ways, always leaving the people (patients) at the centre of the system. The term “mortality
rate,” tied with “human factor,” leads to a clinical risk management issue.

From systematic content analysis on the 7 papers that satisfy the selection criterion, two groups of
works arose. The first one focused on the possibility to consider the human factor in pharmaceutical
label design, in order to decrease the medical errors and preserve the patient’s health. Even if these
studies do not focus on food products, they could be considered because a high similarity between
food and drugs products exists. Almost two common points could be identified: i) both kinds of
products can be swallowed; ii) both products generate positive or negative effects on the human body,
thus affecting consumers’ healthcare. Therefore, it is not surprising that the U.S. Food and Drug
Administration (FDA) treats the regulation about food and drug combinedly.

The second group of papers focused on the possibility to consider the human factor in food label
design. All works study several layouts where the same contents are positioned in different ways
in order to highlight several scopes, such as: increasing the recognition speed of content in a label,
improving the label readiness, fostering the product decision-making. It arose that many studies show
how much better the information on the label items represents the content; for example, the use of a
picture, graph, or text to represent the same concept. Moreover, the label items were identified starting
from the current food labels (e.g., list of ingredients, batch number, choking hazard, company logo,
expiration date, nutrition fact, product logo, and so on) and no study identified the label items starting
from the real needs of consumers about food product.

Effectively, even if an item is positioned for a faster recognition or a label is designed with a high
level of readiness, it does not mean that the information is really interesting for the final consumers or
really understandable.
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In summary, what can be drawn from this research is:

• The “human factor” is applied to “label” design in the current scientific scenario.
• The main fields in which the relationship between “human factor” and “label” was more treated

are Medicine and Engineering.
• The concept of “human factor” finds application in food label design as a strategy to increase

the recognition speed of contents in a label, improve the label readiness, foster the product
decision-making. These strategies could have an indirect effect on consumers’ healthcare but this
cannot be considered as assured.

4.2. Implications and Potential Application

From the study, it arose that the Human Factor is widely applied in the Medicine domain to
improve the design of pharmaceutical labels in order to decrease medical errors, thus preserving
the patient’s health. Starting from the similarities between Drugs and Food products, discussed
above, the connection between the two domains exists and is also underlined by FDA regulations.
So, the results from drugs labelling design could be transferred to obtain the same objective in food
labelling design: assuring the consumers health and safety.

The application of the Human Factor in label design, in particular in the food industry, shows some
practical implications. Modern consumers are increasingly interested in health attributes and
sustainability (environmental, economic, and ethical). It follows that a type of label, consisting
of this information, needs to be presented to consumers, and can be applied not only in the medical
and pharmaceutical fields but also in the agri-food sector. In this field, it will be possible to review the
concept of labels in terms of contents and communication channels, considering also smart labelling.
For reasons of space, current packaging and labels do not allow the consumers to be provided with
Supplementary Information (carbon footprint, water footprint, company certifications, health claim,
fair-trade, ecolabel, transformation product mode) any more than the mandatory one (Statement of
Identity, Net Contents, Nutrition Facts Panel, Ingredient Statement, Statement/Warning on Allergen,
Country of Origin, Name and Place of Business).

This limit would be surpassed by smart labels that could contain all the history related to the
product. Furthermore, the use of a label that considers the principles of the Human Factor shows
implications of public health and food safety. The possibility of communicating in detail the inputs and
the technology used in the production process, the method of conservation, ingredients and allergens,
the correct storage and use of the product, offers to the user a useful tool for reducing the health risk.
For example, phenomena of chemical and microbiological alterations, with consequent damages to
human health, can be avoided with correct information on cooking and storage methods.

4.3. Limitations and Future Trend

Despite the fact that the 3-step methodology was well established and two databases were
considered in order to amplify the research spectrum, as widely justified in the Method section
(Section 2), discrepancies or shortcomings should be noted. These derive from the different research
standard settings in the databases, which for Web of Science were “Title” and “Topic,” while for
Scopus was “Article title, abstract, keywords.” Even if “Topic” and “keywords” could be assimilable,
the field “Abstract” in the first database does not compare, excluding, probably, several published
works. However, this discrepancy does not exist in data analysis, where the term co-occurrence map
was created, starting from the analysis of same fields for all works in the sample (Title and Abstract).

The Medicine field turned out to be the first field where human factor was applied in drug label
design. So, it could be interesting to identify the best practices in this design and to study how these
could be transferred in food label design.

As discussed above, all works in the food industry analyse several layouts in order to investigate
how to better position the contents in a label. None of the work focussed on how to present the
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information, with regards to better content understandability. Based on this evidence, it is therefore
necessary to introduce communication models and strategies based on ethical principles in food label
designing, with aims to increase the human factor. According to ref. [66], ethical communication
is founded on five principles: truthfulness, authenticity (sincerity), respect, equity, and social
responsibility; also because consumers expect that companies communicate sincerely, and hence
appreciate more a vulnerable response than a defensive one [67].

So, based on consumers’ needs about “wanting to know about food in order to eat safe and
healthy,” it could be possible to reshape the classical design of labels, both in terms of contents and
communication channels, considering also virtual labels which are accessible from IT devices. It arose
that, further research could be focused on the investigation about consumers’ needs in terms of typology
of contents related to food products. Downline, this analysis could be interesting to evaluate if the
current companies’ offers, in terms of labelling contents, are aligned with customer needs and, if so,
if these products gain a wider market share. Indeed, another further research could be focused on
the possibility to apply the ethical communication principles, stemming from philosophical matters
to label design. Moreover, the use of virtual smart labelling in order to better fit with consumers’
information needs and ethical communication principles could be studied.
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