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Abstract: Data are currently characterized as the world’s most valuable resource and agriculture is
responding to this global trend. The challenge in that particular field of study is to create a Digital
Agriculture that help the agri-food sector grow in a fair, competitive environment. As automated
machine learning techniques and big data are global research trends in agronomy, this paper aims at
comparing different marketing techniques based on Content Analysis to determine the feasibility of
using Twitter to design marketing strategies and to determine which techniques are more effective, in
particular, for the strawberry industry. A total of 2249 hashtags were subjected to Content Analysis
using the Word-count technique, Grounded Theory Method (GTM), and Network Analysis (NA).
Findings confirm the results of previous studies regarding Twitter’s potential as a useful source of
information due to its lower execution and analysis costs. In general, NA is more effective, cheaper,
and faster for Content Analysis than that based both on GTM and automated Word-count. This paper
reveals the potential of strawberry-related Twitter data for conducting berry consumer studies, useful
in increasing the competitiveness of the berry sector and filling an important gap in the literature by
providing guidance on the challenge of data science in agronomy.

Keywords: twitter; content analysis; Network Analysis (NA); Grounded Theory Method (GTM);
berry growers

1. Introduction

Data are currently characterized as the world’s most valuable resource, or the oil
of the digital era [1]. Agriculture is responding to the changing environment. It is trying
to create digitization strategies that will enable and catalyze a Digital Agriculture and
that help the agri-food sector grow in a fair competitive environment. Many companies
recognize the need to incorporate a social network strategy as part of their overall marketing
efforts [2—4]. In fact, 90% of marketing specialists consider Social Networks Sites (SNSs)
to be important for their marketing strategy [5], because of their becoming an important
channel for communications with consumers due to the large volume of users and the
possibility of collecting data directly from them.

Social media marketing is an inexpensive alternative to traditional methods of in-
volving consumers [3,6-8]. This is especially significant for small- and medium-sized
enterprises since their resources, including marketing budgets, are usually smaller than
those of their larger counterparts [9]. Nevertheless, the agribusiness literature still lags in
this field [3,10].

The current work focuses on Twitter [11] because it is one of the most popular SNSs on
which messages, called tweets, circulate openly, becoming important for both individuals
and organizations to broadcast and discuss opinions in real-time [12].

The public characteristic of Twitter allowed the obtaining of data that, duly processed,
contributed to the analysis with a solid quantitative foundation in which topics of interest
could be identified.
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Some authors have analyzed tweets in areas such as consumer food preferences or
habits [13-15] or communication of Corporate Social Responsibility (CSR) of agri-food
companies [16], but on agri-food research it has not been explored as appropriate [14]
and, to date, we did not find any research that investigates the usefulness of SNSs media
marketing to increase in the competitiveness of the agri-producer sector.

In the context of SNSs, we can understand that the food-related communication of
consumers through Twitter can very well reflect their interests and, therefore, serve as a
basis for defining the production and marketing strategies of the agri-producer sector.

Besides, for farmers—the lowest power in the agri-food value chain [17]—knowing
the interests of consumers is vital in their production strategy.

The European Union (EU) considers digitization of agriculture a key strategy to bring a
number of benefits to farmers, such as increased profitability and access to new markets [18]
and it is also an excellent lever to accelerate the transition towards a climate-neutral, circular,
and more resilient economy [19,20]

One of the most dynamic sectors in the agri-food market is that of fresh products since,
in addition to being perishable, they are beneficial for human health.

As it was established in many researches, berries gain more consumers’ attention [21-23]
as they look out for healthier dietary options [24-27].

Spain and USA are the main global fresh berry exporters (and producers) followed
by Mexico, Chile, and Peru, with USA, Canada, and UK being the largest importers (and
consumers) [28,29]. Among all those fresh berries, strawberries are the most consumed by
volume [30], and they led the global organic berries market share in 2019 [31].

In addition, as main berry producing and consuming countries are English and
Spanish speakers, we analyze the Twitter behavior of these two profiles.

To date, there is still a lack of research” aspects into the social media marketing that
would help berry growers to successfully develop their businesses [32], our paper sheds
light on three important issues that are critical for berry firms preparing to start using social
marketing strategies. First, our study complements prior research suggesting evidence of the
value relevance of engaging in a social media strategy. As long as berry firms are not able to
evaluate the consequences of social media strategies on their value, they cannot effectively
align such initiatives with their organizational goals. Second, as a communication platform,
Twitter may be used to foster relational bonds with berry customers, thus leading to long-term
relationships and reliable repeat business, which is consistent with the basic principles of
relationship marketing. Finally, while considerable academic research has been carried out to
explore social networks, few empirical studies have examined or attempted to compare in
term of costs the effectiveness of different marketing research techniques when a SNS is used
as a source of information. Thus, the final purpose of this research is to assess the usefulness
of consumer-generated content (CGC) from Twitter for berry firms.

Still, research suggests that understanding users’ motives can provide useful insights
into how berry consumer behavior. In this context, we develop a theoretical framework
for theory building by using and comparing three different techniques used for Content
Analysis: Word-count, Grounded Theory Method (GTM), and Network Analysis (NA).

Hence, with the overall aim of using different techniques to discover the main topics
included in tweets that included the hashtags #strawberries or #fresas (strawberries in
Spanish), and assess the potential of Twitter data for consumer marketing research, we
focus on the following research questions: RQ1: “Does the content of hashtags associated
with the search criteria reflect the interests of the strawberry consumer?”; RQ2: “Do
non-explicit relationships among consumers” hashtags reflect different and more-or-less
relevant topics of interest for berry-industry?”; and RQ3: “Which hashtag Content Analysis
technique has been more effective?”

The evidence in relation to these assumptions will shed light on the potential of Twitter
data to elucidate berry fruit consumer behavior and, in consequence, to assess the utility
for fresh food industry.
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2. Literature Review

While most daily decisions are determined by emotional and spontaneous processes [33],
current practices in consumer marketing based on direct questions require consumers to
reflect before answering [34], which could lead to biases in the answers that compromise the
validity of the data obtained [35,36].

Additionally, although consumption studies conducted in supermarkets have been
strongly recommended and remain the most common practice [37,38], they have the great
inconvenience of their cost in terms of time and money. Resorting to social media analysis
methods to study consumer behavior is increasingly frequent since, in addition to increasing
efficiency and being cheaper, they are closer to consumer thinking than more traditional
techniques such as surveys [39].

Among SNSs, Twitter has become one of the most popular microblogging services
and is attracting the interest of marketing and consumer science researchers [40,41] because
provides access to instinctive consumer information obtained in real-life situations. Thus,
its primary purpose is to allow people to share their immediate thoughts, but it also
has the potential to be an important data source regarded consumer behavior related to
agri-food products.

Word-count analysis has dominated [40,42] the research with Twitter data related to
agricultural food. Manual content analysis is still one of the core methods used in food-
related Twitter research [15]. However, in our digitized media environment, Automated
Content Analysis (ACA) has gained importance and popularity [43]. Recently, quantitative
techniques for extracting intelligence from food-related tweets as sentiment analysis [44,45]
using Partition Around Medoids (PAM) and clustering algorithms [46]; or text analysis
using Machine Learning (ML) such as Support Vector Machine (SVM) and hierarchical
clustering [47], or n-gram [14] are being used.

ACA offers a wide range of text capturing, ML and Natural Language Processing
(NLP) techniques for mining intelligence from SNSs [48] that can then be utilized for
analysis of keywords, summarization of text or clustering by employing the above tech-
niques [49].

Content analysis approaches can summarize large volumes of text into closely grouped
themes [50]. They have also been used in conjunction with NA [51], enabling studies to
be conducted whereby visual graphs based on co-occurrence of keywords can be devel-
oped [52]. Using such parameters, it may be possible to develop theories surrounding
network level attributes [53].

However, it was found that food-related SNS research remains fragmented and,
although in the domain of agribusiness is in a preliminary stage, it has lots of potential
in terms of theoretical, mathematical, and empirical research. Although rarely used to
date with berry fruit-related Twitter data, Word-count, GTM [47,54]—complemented with
automated content analysis- and NA [55], will be analyzed in this field of research.

3. Material and Methods

In this study, social tags (hashtags in Twitter) are analyzed, which serve as mechanisms
for the semantic unification of concepts within a social network [56,57], as Twitter is based
on short messages—Iless than 280 characters.

We developed a five-stage of theory building based on the following big data-driven
research by [58] and text mining model by [59]:

1.  Data acquisition: Automatic data acquisition from social media;

2. Data processing: Transformation and cleaning with text meaning;

3.  Data understanding: Factor identification with Word-count (term frequency analy-
sis) technique;

4. Theory development: To analyze keywords using GTM to identify association rules
among them and major emerging themes;
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5. Data Insights: Automated content analysis through NA (community detection and
modularity analysis) and visualization techniques to generate deep insights from the
textual data.

3.1. Automatic Data Acquisition

To identify which terms to use as a seed for extraction, a previous analysis of the
entries on the internet was made. Although the first intention was to use the term ‘berries’
it was decided to use the words ‘strawberries’” and ‘fresas’ as search criteria since they
were the terms that contained the most entries in Google. Thus, the criterion for obtaining
tweets was particularized for those tweets containing the hashtags #strawberries or #fresas
(strawberries in Spanish).

Data were recovered using R software [60] through the Twitter package [61] that
provides communication with Twitter Application Programming Interface (API), searches
for and collect tweets with specific keywords, and thereby collects the data and stores in a
database. This package, which has been previously used to explore consumer perception of
different products [62,63], mines data from the information contained in the social network
associated with the hashtag.

The extraction did not specify the language of the tweets or the specific geographical
location from which they were published, so any tweet (available after authentication on
the server) containing the keyword could be retrieved from its public location.

As the number of tweets recovered in previous research has varied considerably, from
a few to millions [64,65], a request was made in 30 June 2019 to extract a total of 9999 tweets
(excluding both replies and retweets). The automatic data extraction was made twice, with
#strawberries and with #fresas, based on all tweets who contained the searched hashtag
within them.

3.2. Data Processing: Text Cleaning, Tokenization, and Data Loading

Not all primary datasets may be useful unless the collection is conducted appropri-
ately [66,67]. For example, if tweets are extracted based on hashtags as #strawberries, how
does one identify the rest of the keywords objectively which may help to get concepts or
categories of concepts?

The processing phase consists of filtering and manipulating tweets to clean and
remove a large part of data which do not meaningfully contribute to the research question
as retweets [58], or removing terms that do not contain content such as stop words, numbers,
and punctuation marks, or converting them to lowercase to eliminate ambiguity.

Analyzing Twitter large data without properly handling social bots has serious im-
plications. For the purpose of this study, we used volume and frequency as criteria to
categorize them [68].

Tokenization refers to divide the tweet content into minimal units with their own
meaning, that is, words, which for this analysis will be hashtags. Prior to the division of
the text, the elements under study were tweets and each was in a row, thus fulfilling the
condition of an observation as a record. When performing the tokenization, the element to
study becomes each token (hashtag), but several hashtags can be found in the same tweet.
To resolve this point, each token list must be unnested, doubling the number of records as
many times as hashtags come in the same tweet.

The entire cleaning and tokenization process was automated by designing a function
that was implemented in the R script.

This information, after cleaning and filtering elements, was saved in a Comma-
separated Values (.csv) format.

3.3. Data Understanding with Word-Count

Text cleaning and processing are necessary in order to extract intelligence from the
unstructured texts (tweets) extracted.
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In this study, an automatic text processing method based in tokenization was per-
formed to know hashtag frequencies. The procedure of tokenization splits sentences into
words and extracts hashtags that form the basic units of our analysis.

Individual word analysis is often applied to Twitter data analysis, but it is potentially
problematic because it ignores the broader context of the tweet. However, such an analysis
has the potential to quickly summarize large volumes of data. In this case, because they
are words written intentionally to reinforce their meaning, a count of hashtags contained
in tweets was made.

3.4. Themes with Grounded Theory Method (GTM)

To improve the transparency of the research, the grounded-theory approach was
performed following the [69] methodology.

Following an interpretive, inductive approach, hashtags automatically retrieved were
constantly analyzed and manually compared in an iterative process in which hashtags
(initial codes)—words with a low level of abstraction—were classified into similar groups
by assigning conceptual labels (focused codes) to the units of meaning according to the
coding procedure until the discovery of emerging categories and themes with high level
abstraction [69-72].

In our case, we highlight a top-down approach, where two coders, who speak English
and Spanish fluently and with more than two years of experience in consumer behavior
research, working together in the process of constant comparison of data until reaching a
consensus on the establishment of the final topics. They followed a manual process to iden-
tify emerging themes through reading each hashtag in the context of the others and their
frequency and manually categorizing it through applying a conceptual framework [71].

Constant comparative analysis entails that coders need to make comparisons between
empirical data and conceptual labels, between conceptual labels and themes, among data,
among conceptual labels, and among different ‘slices of data” in order to reach higher levels
of abstraction and advance with the conceptualization [73]. During the analysis, coders
had to be sensitive to data analysis that guided them to what to do next.

Data reduction was achieved by limiting the analysis to those aspects that were
relevant with a view to the research questions [74].

Credibility (truth value), transferability (applicability), and dependability (consis-
tency) [75] were used to evaluate the trustworthiness of the grounded theory. In order to
increase the credibility of the findings and diminishing the encoder bias, we employed
triangulation through interviews with producers and consumers. A total of 20 interviews
were conducted with consumers chosen from among university staff (five administrative
staff, five professors, five students, and five Erasmus students), and five berry managers
from the area were interviewed. To facilitate transferability, authors provided to the coders
background data to establish the context of the study to allow comparisons to be made [76].
Finally, consistency was achieved via automatic data extraction.

Therefore, through an inductive and iterative process, using constant comparison of
hashtags, emergent categories were discovered [70,72], the topics in the data [77].

3.5. Insights with Network Analysis (NA)

In recent years, social media research has begun to overcome the quantitative perspec-
tive to explore other aspects through network theory.

This study utilizes the overall network structures in order to identify key hashtags and
similarities among strawberry-related hashtags. The two network-structural attributes were
established as indicators of information flow characteristics: centralization, or contribution
of a node according to its location in the network; and modularity, or the division of a
network’s force between clusters.

Measurements of centrality have been widely used to capture patterns of informa-
tion flow in a network [78,79]. Using degree centrality, nodes with more connections are
considered more important. Twitter networks are 2-mode, meaning that each link has a
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direction, from user to hashtag. To analyze hashtags relations, the 2-mode networks were
transformed into 1-mode.

The process of identifying the underlying structure of the data in terms of grouping
the most similar elements is called clustering. Elements included in the same cluster should
be similar, and elements included in different clusters should be dissimilar. The concept of
similarity or dissimilarity will depend on some kind of metric. One of the most well-known
algorithms for community detection was proposed by [80]. This method for measuring
the modularity was modified trying to reduce the computational demands significantly
through several new approaches [81,82].

The algorithm selected in this work to choose the most appropriate method for better
identifying communities talking on a particular topic (strawberries in this case) was the
Louvain modularity [83]. This is a bottom-up algorithm, similar to the earlier method by [81]
where initially every vertex belongs to a separate community, and vertices are moved between
communities iteratively in a way that maximizes the vertices local contribution to the overall
modularity. The algorithm stops when it is not possible to increase this modularity.

This methodological level begins with the .csv file import into the open-source network
analysis and visualization software called Gephi [84], written in Java on the NetBeans
platform. The 2-mode Twitter network with directed ties indicating links between users
and hashtags was transformed into 1-mode network with undirected ties among hashtags.

The Fruchterman-Reingold algorithm, followed by the Force Atlas 2 algorithm were
chosen because they allow for the attraction of the most central nodes and separation of
those least central. The first has the function of arranging the nodes from the attraction—
repulsion relationship of the gravitational force created by the algorithm itself, and the
second serves to disperse the groups, creating space for the larger nodes.

Finally, the nodes in the graphs were colored according to the communities to which
they belonged calculated according to the Louvain modularity [83], and the size of the
node was represented in the graph proportionally to the number of links (degree).

4. Results

We made two extractions with a total of 9999 tweets in 30 June 2019. The script execution
first collected the last 9999 tweets that included the hashtag #strawberries and then the
other 9999 tweets that included #fresas. In the first case, 2184 tweets contained hashtags
other than strawberries and in the second, 1596 tweets contained hashtags other than fresas
were obtained. The time period covered by the extraction was about seven months, from
2 December 2018 for #strawberries, and 12 December 2018 for #fresas. Most of the strawberries
world production from the main producers is concentrated in this period.

In total, 11,150 hashtags were collected and treated, of which 2249 hashtags were valid
for the Content Analysis.

After a filtering, tokenization, and debugging process, a total of 579 unique hashtags
for the term ‘strawberries” and 163 for ‘fresas” were obtained.

Figure 1 and Table 1 show the extraction procedure as well as some basic statistics
about the number of tokens analyzed.
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#strawberries #fresas

9,999 tweets in English 9,999 tweets in Spanish

3,780
2,184 (21.84%) tweets 1,596 (18.90%) tweets
with other hashtags in with other hashtags in
the same tweet the same tweet

each tweet in a row
11150
7,690 hashtags 3,460 hashtags
each hashtag in a row

2,249 (20.17%)

1,923 hashtags 326 hashtags

A Seed hashtags
B Data extraction
v
C Data filtering
v
D Data tokenization
E Debugging
process

|

742 (32.99%)

B Unique hashtags 579 hashtags 163 hashtags
Figure 1. Data collection procedure.

Table 1. Descriptive statistics.

#Strawberries % #Fresas %
Number of tweets with a single token 259 11.88% 274 17.19%
Number of tweets with two tokens 539 24.69% 324 20.31%
Number of tweets with three tokens 205 9.38% 324 20.31%
Number of tweets with four tokens 198 9.06% 224 14.06%
Number of tweets with five tokens 225 10.31% 150 9.38%
Number of tweets with six tokens 239 10.94% 150 9.38%
Number of tweets with seven tokens 123 5.63% 25 1.56%
Number of tweets with eight tokens 198 9.06% 25 1.56%
Number of tweets with nine tokens 96 4.38% 50 3.13%
Number of tweets with ten or more tokens 102 4.69% 50 3.13%
Total of tweets 2184 1596
Number of tokens 7690 3460
Mean 3.52 2.17
Standard deviation 3.09 2.54

To summarize this large amount of heterogeneous data, only the 50 most frequent
hashtags were considered (Figures 2 and 3).

Hashtag frequencies using the word-count technique allowed to discover emerging
categories. In that regard, “Anuga’ (the Cologne food trade fair) was the word most used in
fresas-related tweets, confirming that there are users who use the term in a professional
context. There were also cases in which productive practices were described, such as
‘“urbanfarming’ and other terms associated with farms (‘seeds’, ‘cucumbers’, ‘peppers’,
‘tomatoes’, ‘spinach’, ‘germinate’, ‘substrate’). The most common words in the tweets

related to the moment of the occasion were “dessert’” and ‘breakfast.”

‘Chocolate’” was also among the most frequent words, indicating the association with
‘sweets’, although there were also others (‘vitamins’, green juices, healthy life, and healthy
lives) more related to ‘health’. The words ‘love” and ‘lovers’, which also appeared, indicate
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their association with impulse-buying situations. Without reading tweets in their entirety,
the high frequency of appearance of the words ‘fideua’ or “paella’ seemed absurd. However,
these words reflect how Twitter is often used to list daily activities.

Several of the most used words were related to the specific context of the feeding
situations. For example, words like ‘Sunday” were found with a relatively high frequency,
which indicates that people talked about the time of the meal in their tweets. We also found
words that refer to special occasions or places (for example, “Acapulco’, the city in Mexico),
as well as words related to other people involved in the occasion of eating (‘family” or
‘bestfriends’). Words related to specific agri-food products, such as other fruit (especially
‘blueberries” and ‘apples’), were also identified.

healthy
enchanted
eatclean
drawing
doodling

cute
chocolatecoveredstrawberries
cherries
blackberries
artistontwitter
arthoe
animals
aesthetic
yogurt
watermelon
smoothie
protein
pesticides
flowers

fit

farmers
antioxidants
organic
grapes

japan
foodphotography
walnutscake
walnuts

syrup
sliceofcake
iphonecase
iphone
granola
design

fresh

red

cucumbers
berries

art

sweet
photography
inoctober
cake

dessert
breakfast
chocolate
bananas
blueberries
food

localfood
familyfun
familyevent
cornwallontario
farmersmarket
etsysp

foodies

fruit

fiber
raspberries

o

10 20 30 40 50 60 70

Figure 2. Top 50 English hashtags frequency. Extracted from Tweets that include the hashtag #strawberries.
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lamayoristaofficial/lamayoristaofficial

huelva/main berry producing area in Spain

claudiarivas/Spanish influencer

fresasconchocolate/chocolatedippedstrawberries

macetohuertourbano/poturbanfarming

vidasaludable/healthy life
verduras/vegetables
tarta/cake
sustrato/perlite
restaurante/restaurant
regaliz/licorice

mousr/mousr

kale/kale

germinar/germinate
felizjueves/happythursday
espinacas/spinach

domingos/sundays

beneficios/profits

avena/oatmeal

acapulco/acapulco

jugosverdes/greenjuices

frutas/fruits

desayuno/breakfast

vitaminas/vitamins

fideua/typical spanish dish

semillero/seedbeed

pimientos/pepers

anuga/anuga

o
-
N
w
S
wv
a
~

Figure 3. Top 50 Spanish hashtags frequency. Extracted from Tweets that include the hashtag #fresas (strawberries).

On the other hand, the hashtags frequency analysis of ‘strawberries” highlighted the
association with other fruit (but this time with ‘raspberries’ in addition to ‘blueberries’
and ‘bananas’, and to a lesser extent with ‘blackberries’, ‘grapes’, and ‘watermelon’),
health (but this time as ‘fiber” and with many more terms like ‘organic’, ‘antioxidants’, ‘fit’,
‘eatclean’, and ‘healthy’), sweets (‘chocolate’, ‘cake’, ‘sweet’), and acquaintances or family
(“familyevent” and ‘familyfun’).

Finally, there are mentions of times and modes of consumption (‘breakfast’” and
‘dessert’). A total of three new associations appear, one referring to local consumption
(‘localfood” and ‘farmersmarket’), another to art (“‘photography’, ‘art’, ‘design’), and the
third to consumption mode (‘smoothie” and ‘yogurt’). The reference to love appears to a
lesser extent (‘flowers’) and urban production does not appear.

In total, 13 focused codes (categories) were built (as numbers). In the Spanish data
analysis, categories 10-12 do not exist, and in the analysis of strawberries, the category
seven was not built (Table 2).
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Table 2. Inductive construction of categories and emerging themes (above #strawberries; below #fresas).

Themes Focused Codes Initial Codes for #Strawberries
. Fruits 1 raspberries, fruits, blueberries, banana, berries, grapes, watermelon, blackberries
2 breakfast, dessert, food
Context 3 familyevent, familyfun
6 farmersmarket
8 flowers
chocolate, cake, syrup, sliceofcake, granola, walnutcake,
. Consumption 4 chocolatecoveredstrawberries
sweet
smoothie, yogurt
. Healthy lifestyle 5 fiber, organic, antioxidants, eatclean, healthy, fresh
fit
9 localfood
. Production 11 farmers, pesticides
12 incotober
. Art 10 photography, design, foodphotography, red, cute
Themes Focused Codes Initial Codes for #fresas (strawberries)
. Fruits 1 frutas (fruits), frutosrojos (berries), manzana (apple), arandanos (blueberries)
. Context 2 desayuno (breakfast), postres (dessert)
3 domingos (Sundays), felizdomingo (happysunday), felizjueves (happythursday,
lafamilia (thefamily), mejoresamigos (bestfriends)
6 fideua (typical spanish dish), paella (typical spanish dish), bar(bar), restaurante
(restaurant)
8 amor (love), rosas(roses)
acapulco (beautiful beach in Mexico)
13 Anuga (the leading food fair in the world)
Chocolate (chocolate), fresasconchocolate (chocolatedippedstrawberries),
. Consumption 4 fresascubiertasdechocolate (chocolatecoveredstrawberries), avena (oatmeal),
perversodechocolate (perversechocolate)
Dulces (sweets), tarta (cake), tusdulces (yoursweets)
. Healthy lifestyle 5 Jugosverdes (greenjuices)
Vitaminas (vitamins)
Vidamassana (healthierlife), vidasaludable (healthylife)
Macetahuertourbano (urban farm), semillero (seedbed), pepinos (cucumbers),
. Production 7 pimientos (peppers), tomates (tomatoes), germinar (germinate), sustrato
(substrate), verduras (vegetables)
9 Huelva (localcity)
. Art

The manual coding process based on GTM identified five common themes and a sixth
just for the strawberry dataset. The manual coding process based on GTM identified five
common themes, and a sixth just for the strawberry dataset: substitute fruits (1), context of
consumption (2), food consumption (3), lifestyle (4), associations with production (5), and
associations with art (6). (Table 2).

The first theme is the comparison the strawberries with other products, mainly fruits.

The context of the activities related to agri-food products was a frequent topic in
tweets analyzed. People described where, when, and with whom they were talking about
strawberries. The most frequently mentioned places of consumption were restaurants
(in the Spanish case) and farmersmarket (in English). In general, the ‘home” location was
mentioned less frequently than elsewhere, suggesting that people do not tend to make
explicit reference to their homes when they tweet about feeding situations. Instead, they
seem to refer to places considered different or special (e.g., Acapulco). Some feeding
situations were motivated by a special occasion, such as special days (happy Sunday) or
events (familyevent). The hashtags also contained information about a specific situation in
time (breakfast, dessert).
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Epicurean attitudes toward food such as ‘chocolate perverso” were found in
tweets. Additionally included were references to emotions (love, cute, happy Sunday,
happy holidays).

References about healthy and unhealthy strawberries” aspects, such as vitamins,
healthy life, fiber, organic, antioxidants, eat clean, and healthy are also regularly presented
in tweets.

Finally, Figure 4 shows the network obtained with the application of these spatializa-
tion criteria, observing how the position of the hashtags in the ‘fresas” network is much
more defined than in ‘strawberries” network.

Figure 4. Spatial network distribution after application of the algorithms (left, ‘strawberries’; right, ‘fresas’). The colors
represent the cluster and the separation among hashtags is based on their relative positions.

The final procedure was the detection of communities by calculating the modular-
ity [83] (Figures 5 and 6). Overall, five communities appear on the #strawberries network
and seven on the #fresas network.

Figure 5. Cont.
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Figure 5. Communities in the English keyword network. Separate analysis of the communities with visualization of the
words that compose it. The size of the node represents the degree or importance within the group.
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Figure 6. Communities in the Spanish keyword network. Separate analysis of the communities with
visualization of the words that compose it. The size of the node represents the degree or importance
within the group.

5. Discussion

The research discovered that people in their tweets described associations with topics
that interest them. This confirmed our aim that these tweet content analysis techniques can
serve as a low-cost marketing tools.

Sometimes, people tweeted about a craving for certain agri-food products, in line with
other research [85,86].

The context of eating strawberries was one of the main issues that emerged from
the content analysis. This accords with the perception that context is recognized as a key
variable in the choice of agri-food product [87-89].

The data contained in our study shown that people tweeted mainly on strawberry
consumption situations in a positive emotional state. According to [90], people use positive
words when describing or remembering eating experiences due to a positive disposition
toward food. Our results also reflect that meals are positively remembered when they
involve family and friends [91,92].

Twitter was also used when making plans to eat, either with family or friends, which
could be related to a social activity [93]. Related with this aspect, some strawberry con-
sumption situations were motivated by a special occasion, such as special days (happy
Sunday) or events (familyevent) [89,94].

Tweets that describe feeding situations in restaurants, or ‘farmersmarket’ could be
related to the growing fruit consumption outside home, even on the street [95]. This sug-
gests that Twitter could offer researchers the opportunity to recover impulsively generated
and real-life data. In this regard, it should be pointed out that consumers increasingly use
smartphones to access social networks, which allows data to be collected in any situation.
Worldwide, 52% of total web traffic originates from mobile phones, representing 74% of
the traffic on social networks [96].

In light of previous research on agri-food choices, patterns coincided with expecta-
tions [85,86,97] as it was common for tweets to include content about the specific fruits that
people were eating, buying, or preparing.

Epicurean attitudes toward strawberries [98] were found in tweets. Associations in-
cluded positive words such as ‘chocolate perverso’. There were also references to emotions
(love, cute, happy Sunday, happy holidays). This is in accordance with the fact that eating
has been widely reported to be associated with emotional factors [99,100].

Tweets also give importance to healthy food as authors point out [101-103]. Thus,
the ecofriendly labels and standards can play a significant role in influencing consumer
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purchase decisions [104]. However, results seem to indicate that users are not interested in
communicate about sustainability in contrary to [42].

Manual content analysis using GTM revealed some differences between users who
talk about ‘fresas” and those who talk about ‘strawberries’. While the former give more
relevance to the situation of eating out (restaurant, bar) and production (urban, farming,
or professional fair), the latter pay more attention to the healthy lifestyle, the product’s
connections with art, and food security (pesticides).

However, automated content analysis through NA, in addition to reflecting the differ-
ences between the two user profiles, also discovers new issues that did not emerge with
frequency analysis or GTM methodology. Regarding the differences between user groups,
it was observed that ‘fresas’ users relate chocolate consumption (sweets) with special days
(diadelosenamorados) while those using ‘strawberries’ associate this consumption with art
(photography). The ‘fresas’ user also comments on eating out (restaurant, tapas, bar), while
the community analysis detects a new context environment in the ‘strawberries” group
most related to holidays (vacations, summer, tourism). Finally, both groups of users talk
about health, but the coding by GTM classifies certain fruits (apples) within the theme
‘fruits’ and the communities include them within the ‘health’ theme (apples, spinach).

Last but not least, in addition to the relationships between topics, NA detected new
communities that did not emerge with the GTM analysis or Word-count technique: in rela-
tion to the hashtag ‘strawberries’, a group related to leisure (vacations, summer, tourism),
and for ‘fresas’, one community related to recipes (recipes, cooking) and another related to
exploitation of working people (Huelva, seasonal workers, justice, sexism, gender violence).

Finally, to use Twitter data for marketing research, we must be aware of its limitations
and how to address them: related to the information analyzed from Twitter, hashtags
are minimal units, but while they do not report on everything that a tweet can express
(emotions, context, feelings), they are key words in the tweet that have been intentionally
written by the user. Another limitation is that Twitter users are a non-representative sample
of the general population [105] and, although men and women are equally represented, the
distribution is largely skewed toward younger and better educated people. However, such
systematic bias of the sample may decrease over time as more people become active users.

Due to the fact that the Spanish hashtag frequencies are much lower than the English
ones (see Table 1 and Figure 3), the use of this analyses for the intended marketing purposes
in this study is more limited in the Spanish case than in the English one. Nevertheless, a
bigger selection of tweets in the automatic data extraction would resolve this problem.

Taking into account the aforementioned Twitter limitations, there are several directions
for future research.

It would be interesting to expand the automatic data extraction to others hashtags
(i.e., blueberries and raspberries) or to see the distribution or frequency of the number of
hashtags in the tweets in addition to strawberries (strawberries) to find differences in this
regard when considering these different sub-networks.

Moreover, the network analysis could be expanded taking into account other centrality
metrics (i.e., intermediation) or clustering (i.e., PAM).

This study could be expanded by investigating consumer perceptions that result in
the identification of the activities most desired by consumers. In addition, future research
should try to examine the effectiveness of the different SNSs in various outcome measures,
such as commitment, purchase intention, and brand affinity. It would also be interested to
compare GTM and NA with other ML-based content analysis or apply them to other terms.

6. Conclusions

By accepting that social networks have transformed and will continue to transform
the way in which companies and consumers communicate, berry industry must use social
media data as part of their overall marketing efforts, as data are numerous, valid, and
cheap to obtain.
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It is true that tweets represent user opinions. We have tried to argue (although not to
demonstrate) that hashtags contained in tweets are units with meaning that, analyzed as
a whole, can lead us to obtain a representation of user’ interests, although it is also true
that they do not represent the entire Strawberry consumer population. However, we have
obtained several interesting conclusions.

The results of this study provide a very necessary first step to providing such guidance
considering Twitter as a useful source of information for berry-consumer marketing re-
search. Firstly, Automated Content Analysis (ACA) demonstrates which hashtags represent
the main user interests.

Secondly, NA found out non-explicit relationships among consumers” hashtags that
reflect relevant topics for marketers of berry industry.

Thirdly, our study contributes to explore a global research trends that is the agri-food
data from social networks. Using #strawberries and #fresas as search criteria, it was found
that simple analysis based on word counting yields less information than the results of the
other techniques used, highlighting two obstacles:

(i) inclusion of non-relevant hashtags; and

(ii) no identification of underlying issues or relationships. Even though content analysis
using GTM provided much deeper information, it took much more time. NA, in
addition to being faster, proved to be more efficient and allowed the discovery of new
underlying themes and relationships.

In addition to the comparison of the three content analysis techniques, the analysis
of the two separate datasets provided wealthy information to understand the differences
between these markets.

Thus, in word-count analysis, it appears that English-speaking users have an orien-
tation towards organic food rather than to vitamins of Spanish-speaking users. The first
profile seems to be concerned about pesticides, while the second more about production.
Regarding the differences in modes of consumption, the first group seems to describe more
types of consumption such as yogurt and smoothies, while the Spanish-speaking market
tweets more of consuming in more impulsive situations. Beauty and art are connotations
that appear only in the first group. GTM reinforces these ideas, especially (and important)
that of pesticides vs. farming, organic vs. vitamins, and art. Finally, NA brought to light
more defined groups in the Spanish network and new topics, which, with the previous
techniques, could not be intuited, such as social justice relationships in production (sexism,
racism, immigration) and recipes in the Spanish dataset and holidays (vacation, summer)
in the English dataset.

Although some relationships are incoherent with the consumption of strawberries,
making it necessary to refine or to analyze in depth, connections have been found that a
conventional market study can establish, such as places, situations, or feelings in which
consumption is favored, but to a lower cost.

In this type of analysis, it is possible to determine consumer groups and to know
their motivations and desires, which allows offering the product in formats with more
acceptance or with elaborations (i.e., strawberries and chocolate), as well as segmenting
the marketing campaigns.

On the other hand, it might be a challenge to evaluate whether the presence of a
specific hashtag in a tweet is random, i.e., to reveal whether there is a pattern reflecting a
trend in the consumer ‘opinion.

In conclusion, ACA, and specifically NA, can imply opportunities so that, in a simple
and cheap way, the berry producing sector can better understand consumer behavior.

To maximize its benefits, this agri-food sector could strategically build a technological
knowledge base of social media analytics, and strategically manage and support its use by
facilitating IT-marketing and IT-organization alignments [106].

Despite the stated limitations, results confirm the potential of strawberry-related
hashtags from Twitter for conducting berry consumer studies, useful in increasing the com-
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petitiveness of the berry sector and filling an important gap in the literature by providing
guidance on the challenge of data science in agronomy.
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