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Abstract: Financial technology-based firms (FinTech) are crucial to promoting new technologies
and advances in innovations related to the financial field, sustainable development, and financial
inclusion. This paper aims to assess the Sustainable Development Goals (SDGs) and open innovation
integrated within the public discourse in the social media of FinTech firms, using machine-learning-
based social media analysis (SMA). Accordingly, we tracked the behavior of 21 firms based on the
empirical material of 32,716 posts on Twitter. The outcomes showed dissimilar discourses based
on FinTech firms’ activities. However, it was found that only financial infrastructure, lending, and
personal finance fields have a discourse related to innovation and, to a lesser extent, related to the
SDGs thematic. Thus, awareness of sustainable objectives is still far from being a relevant issue for
FinTech, which, in general, has neglected to significantly mention SDGs; nonetheless, innovation
and related terms are a consistent topic in this area. Furthermore, hints of the implementation of the
open innovation paradigm and interest in novel technologies are demonstrated, in addition to the
promotion of different actors and events on social media that serve as a showcase for firms that have
a presence on Twitter.

Keywords: innovation; FinTech; open innovation; Sustainable Development Goals; social media
analysis; Twitter; text mining; natural language processing

1. Introduction

Knowledge-intensive business services (KIBS) include an extensive scale of services
that are mainly involved in the business-to-business domain. KIBS involves a set of
activities through intermediary inputs that impact the quality and efficiency of firms’
activities, cover a broad spectrum of services, and are tied to the production processes
of their clients [1,2]. According to Lee and Miozzo [3], “science-based firms comprise
firms in sectors such as software and specialized business services”. Consulting, audit,
transaction advisory, taxation, consulting, risk advisory, and technology-oriented firms are
part of KIBS, and they add value through the accumulation, creation, or dissemination of
knowledge for their client’s needs [4].

In addition, under the umbrella of KIBS, financial services supply comprehensive
access to global financial capital, for instance, credit, saving, and investment [5]. One exam-
ple is the so-called FinTech companies, which are organizations based on new technologies
and offer digital services (such as mobile payments, crowdfunding, and digital transfers),
and are mostly start-ups operating via new digital means. Mosteanu and Faccia [6] note
that, “in general, FinTech companies aim to provide the most innovative financial services
which, thanks to digital technologies, can be developed and evolve to bring new benefits
to end-users, individual consumers, large companies, or SMEs”. Leong et al. [7] states that
FinTech is a broad umbrella term that describes disruptive technologies in the financial
services sector.
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Considering the high implication of technology in the FinTech business model, the
open innovation paradigm plays a relevant role in promoting the participation of interest
groups in certain relevant issues using participatory channels that can lead to an active
interaction between users of this type of financial services. Although it might require
some efforts to sustain market open innovation by enabling new business models in a
business-friendly regulatory environment [8], attracting investors and new clients with
high social awareness could be achieved by demonstrating themes such as sustainable
energy, care for the environment, social inclusion, and poverty reduction to maintain the
interest of people in these topics. In this sense, corporate social responsibility creates
innovation opportunities. In addition, it plays a relevant role concerning the commitment
of organizations and their influence to lead initiatives with social content, which may create
value [9].

According to Arner et al. [10], FinTech firms are a key driver of digital transformation,
financial inclusion, and sustainable growth under the United Nations (UN) Sustainable
Development Goals (SDGs). Thus, it may be of interest to compare how participants in the
FinTech sector communicate digitally among themselves about innovation to understand
their situation. Indeed, the UN acknowledged that innovation [11] plays an important role
in addressing the SDGs. Moreover, the financial sector plays a vital role in the implemen-
tation of SDGs because they require a substantial sum of capital flows, investments, and
redistribution of funds [12].

Through the usage of technology, social media opens new channels to spread FinTech
firms’ messages, allowing information about their products and services to be shared
with clients and partners [13]; however, not all FinTech companies use social media. The
impact of information technology on business and innovation is remarkable [14], and it
has been considered critical to obtain knowledge from the information available in their
social media channels. However, the wide range of possibilities related to technologies
is also associated with new challenges in understanding the firms’ discourse regarding
certain topics. As an example, efforts regarding the data collected from social media are
focusing on the development of new products and campaign performance to distinguish
the preferences and trends of clients [15]. Moreover, as a business strategy, social media
in innovation-driven companies has been continuously growing, considering the open
innovation context, by leveraging digital communication and community tools [16]. The
culture of the business world is continuously evolving, and social problems and FinTech’s
challenges are also part of this change. As part of the communication channel of companies
implementing the open innovation paradigm, social media is a critical means to obtain
valuable information [17].

The new technologies have generated a “data deluge” that reveals interesting insights
from vast quantities of data. The popular microblogging platform Twitter and other social
media platforms provide a prime environment for developing a framework that could
facilitate information retrieval to support the analysis and management of big data on social
media [18]. Furthermore, firms need to gain business value, incorporating social subjects
into their discourse in social media, in addition to interacting with clients and publicizing
services and products, among other purposes [19]. This is mainly because Twitter is a
primary communication system in which there is an interest in building communities and
creating a virtual environment for the flow of ideas. Indeed, Twitter can be considered to be
part of the entrepreneurial innovation ecosystem, and the community of actors interacting
with FinTech firms represents a unique scheme to produce inter-organizational streams of
sustainable innovation and entrepreneurial behavior [20,21].

This research aims to understand how the topics of SDGs and innovation are incorpo-
rated into FinTech firms’ public discourse in social media. Therefore, this work intends
to answer the following research question: How do Fintech firms incorporate topics of
SDGs and innovation into their public discourse based on their social media activities?
Hence, the discourse of the FinTech environment—including open innovation and tech-
nologies associated—was used to explore text associated with these relevant topics. This
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research used a quantitative approach based on data analysis from Twitter, implementing a
comprehensive social media analysis (SMA). We carried out an exploratory investigation,
emphasizing the ninth SDG related to “Build resilient infrastructure, promote inclusive
and sustainable industrialization, and foster innovation”, and titled “Industry, Innovation,
and Infrastructure”. However, to differentiate the firms’ focus, we counted innovation
separately from the other SDGs search terms. In addition, we conducted general scraping
in those terms that refer to the SDGs, either through this acronym or key terms such as
sustainability and the UN objectives.

This article is organized as follows. Section 2 outlines the background of the relevant
topics considered for this study, which are mainly related to financial technologies, social
media, innovation (including open innovation and new technologies associated), and
SDGs. Section 3 describes the models of the machine learning techniques applied to our
data collection of tweets. Section 4 presents our findings. A discussion of the results, the
conclusion, and future work is presented in the last section.

2. Background
2.1. Social Media and the Digital Financial Sector

A recent literature review conducted by Olanrewaju et al. [22] highlights the im-
portance of social media usage for the digital business development process, either for
marketing, information search, business networking, or crowdfunding. They noted two
research gaps that this study aims to address: (i) to examine how SMA and collective
interaction features stimulate innovation; and (ii) to identify how these implicit or explicit
interactions differ among different type of FinTech firms. Gomber et al. [23] present social
media as one of the dimensions that requires further research, which is particularly related
to the concepts applied to digital finance technologies and business. Prüfer and Prüfer [24]
identified the use of different artificial intelligence (AI) techniques (i.e., basic text mining,
information extraction, sentiment analysis, semantic similarity, topic modeling, linguistic
and word count, machine learning, text analytics, and web data scraping) as key data
science methods that are applied to digital business research. They note these approaches
may require special data storage, accessibility, and processing due to the nature of the vast
quantity of information generated by Twitter, LinkedIn, Facebook, Instagram, blogs, and
web pages, and the complexity of the algorithms used.

Social media have been used to help managers promote their products and services
and ensure that they are selected at the screening stage. Indirectly, social media also helps
attract the attention of investors during negotiations in the last stage of the venture capital
process [25]. In addition, social media helps with the identification of the personalities
of individuals (e.g., entrepreneurs, managers, employees) via their tweets, thus allowing
cross-comparison of entrepreneurial characteristics [26] to understand their strategy im-
plementation. Najib et al. [27] noted that “FinTech managers need to use social media
and increase the involvement of competent and influential figures in public conversations
on social media about FinTech”. Thus, the importance of this communication channel
cannot be ignored, considering that entrepreneurs and other actors have benefited from the
adoption of FinTech advantages by and assuming a technological niche to develop their
own business.

Haddad and Hornuf [28] categorize FinTech firms into nine different types of start-ups:
financing, payments, asset management, insurance (InsurTechs), loyalty programs, risk
management, exchanges, regulatory technology (RegTech), and other business activities.
These categories resemble those of the Finnovating (Finnovating is a Spanish strategy
consultancy focused on open innovation and the FinTech sector https://www.finnovating.com/
accessed on 23 January 2020) FinTech map, which is based on the taxonomy established
by the different start-up activities. According to the July 2019 FinTech Spanish map
version, 358 start-ups were identified, with the following classifications: lending, financial
infrastructure, financial products distribution, tax and accounting solutions, personal
finance, “neobanks”, currencies, trade finance, equity finance, investment, and payments.

https://www.finnovating.com/
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Despite the trend toward organizational flattening and the benefits of digitalization to
access globalized sources of knowledge and funding, recent studies have identified that
FinTech entrepreneurial activities usually take place in specific geographic regions known
as start-up or FinTech hubs [28].

2.2. The Role of Open Innovation and Social Media as a Comparative Advantage for FinTechs

To employ social media, FinTech companies must address the open innovation strategy
to boost their capabilities. The importance of the opportunities and challenges allows
organizations to transform their business based on SMA. Dong and Wu [29] stated: “Open
innovation is growing rapidly as the emergence of social media technologies”. Moreover,
social media is a highly important tool of technology watch, which is an innovation
management technique and part of the process in many models to create long-lasting
advantages for technological firms [30]. Du et al. [31] noted that social media has driven the
open innovation concept, dedicating resources to cultivate a firm’s sustainability orientation
and integrating it into the new product development process; that is, open innovation is
needed at a strategic level. Nonetheless, innovation management tools are necessary at an
operational level to allow innovation actions to be carried out. Social media can provide
access to novel information about customer needs and technological solutions unknown to
the firm, and this advantage must be utilized by FinTech firms. Indeed, using social media
input could increase innovation project performance as firms obtain access to novel market
insights and innovative technical solutions [32]. In addition, valuable information could be
obtained by examining the discourse on Twitter.

Once the comparative advantages of social media and open innovation in the field of
FinTech are established, it appears that organizations are willing to create a strategy that
emphasizes the contribution of innovation and resources, sharing a vision and goals, and
providing an appropriate framework for change [33]. The combination of open innova-
tion and FinTech firms creates a disruptive business model that is capable of disrupting
traditional financial markets [34]. Corral de Zubielqui et al. [35] addressed the leveraging
of new mechanisms to access information from outside actors, customers, and other so-
cial media users to facilitate innovation and firm performance. Furthermore, large firms
(e.g., Goldman Sachs and JP Morgan Chase) have envisioned the adoption of FinTech
entrepreneurship, organizing teams and individuals to promote new actions through open
innovation and exchanging knowledge with startups and other stakeholders [36,37].

2.3. Twitter: A Vast Repository for Social Media Analysis

In social media platforms, users contribute to the creation of content, distribute it,
and share it with others [38]. In addition, companies, politicians, artists, and ordinary
citizens have taken advantage of this new scenario, allowing new forms of interactions,
disseminating ideas, and offering products and services, concerns, and even business
strategies. Furthermore, social media include blogs, content communities’ networking
sites, virtual game worlds, and virtual collective worlds. To assess the role of social media
and its impact on the relationship between companies and users, modern online social and
technological systems are producing real changes in the traditional networking paradigms
and the way that we communicate with each other [39]. As a result, the activity of users
has increased in recent years on platforms such as Facebook, Twitter, LinkedIn, Instagram,
and YouTube.

Twitter has several characteristics and functionalities, such as its extensive open net-
work in the public domain, and tweets can feature hashtags (#), which join a post to a
particular theme and allow users with equal or opposing views to be identified. In addi-
tion, a retweet (rt) is a means of reprinting messages of different users, thus representing
a powerful mechanism for information sharing [40]. Twitter users can search for infor-
mation such as breaking news, posts about celebrities, and comments about users (e.g.,
companies, individuals). As a result, it is an ideal source for locating information about
societal interests and general opinions [41]. Furthermore, researchers can use it to study



J. Open Innov. Technol. Mark. Complex. 2021, 7, 165 5 of 18

the perceptions and interactions between users and FinTech firms and these companies’
networking activity. For example, American entrepreneurial networks were identified from
Twitter data, highlighting the importance of interactions between companies with similar
socioeconomic and demographic profiles [42] as a result of research techniques including
web scraping, network analytics, community projection, and flow maps.

Twitter messages, called “tweets”, are limited to a length of 280 characters and can be
viewed by a user’s followers. Researchers have shown interest in tweets as an expression
of peoples’ emotions, including favorited tweets and retweets in some situations [43].
Tweets provide a type of measure that could be useful to analyze Twitter users and their
network behavior. For this research, Twitter provides a significant capability for studying
the behavior of the FinTech ecosystem and working with big data applications to obtain
keywords, based on the large quantities of information that can be retrieved and processed
more quickly. This enables sentiment-related insights that would be difficult to discern
with small quantities of data [44].

Among machine learning techniques, natural language processing (NLP) deals with
the natural language in the form of text, voice, etc. [45] through the interaction between
humans and computers. This was developed using the ability of a specific computer
program to recognize the human language. In the context of Twitter, the focus of this
research, the use of NLP, implies a large collection of tweets. A major task in the field
of NLP is opinion mining, which is also called sentiment analysis and is the approach
used to develop strategies to automatically retrieve opinions about products or entities
from text. Opinion mining is the process of computationally identifying, categorizing, and
analyzing the opinions, sentiments, and subjectivity expressed in text to determine the
writer’s attitude concerning a topic [46–48]. Research in this area began in the early 2000s,
and much progress has subsequently been made [49].

2.4. Sustainable Development Goals: The Context for FinTech’s Discourse

In 2015, the UN published its 2030 agenda for sustainable development (https://
www.un.org/sustainabledevelopment/development-agenda/ accessed on 19 February
2020). This agenda is a plan to address the greatest global challenges related to the
sustainable triple helix, which is aimed at balancing the achievements of economic, social,
and environmental sustainability. A list of 17 SDGs was defined to implement this agenda,
among which can be mentioned: no poverty, quality education, affordable and clean energy,
industry, innovation, and infrastructure, and climate action, just to cite a few examples.
In total, the SDGs’ five key areas of significant relevance for humanity are people, planet,
prosperity, peace, and partnership. These areas are often part of the corporate social
responsibility of companies.

To shed light on how social media can be applied to interact with users regarding
topics such as SDGs, Arnaboldi et al. determined that social media technology is mainly
used by people under 30 years old, enabling them to connect with other users globally, and
access, post, and share information on a regular and continuous basis [50]. Companies and
others can collect, organize, and analyze the mass of information available on social media
to improve business performance across a wide range of corporate functions.

Information and digital technology were previously seen as a tool in the context of
financial industries. Currently, FinTech firms are digital-based companies entering the
financial sector for three main reasons: (i) they offer new products and solutions that
fulfill customers’ needs that have not sufficiently been addressed by incumbent financial
service providers; (ii) they have created novel opportunities for selling products and
services through the application of novel technologies and concepts; and (iii) they provide
services in a highly innovative environment. In addition, using ICTs, such as Internet-based
social media apps, helps to create a permanent culture of transparency that includes trust,
empowerment, social capital, and bureaucratic acceptance [51]. Therefore, analysis of
Fintech companies is a suitable approach to assess the progress toward the achievement of
the SDGs.

https://www.un.org/sustainabledevelopment/development-agenda/
https://www.un.org/sustainabledevelopment/development-agenda/
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Since changes and developments in the domain of communication and information
technologies can be rapid and dynamic, companies in this field need to be agile and
innovative. Therefore, such IT companies often have a culture that is distinctively different
from that of established financial service providers. IT companies are sufficiently agile
and innovative to place pressure on the established players. FinTech firms concentrate
on affordable and cost-efficient Internet-based business models to challenge established
financial services providers [23].

3. Methodological Framework

This section introduces the steps comprehensively to carry out the SMA implemen-
tation to understand the FinTechs public discourse in the social media domain. The
methodology has been designed to address relevant topics such as the UN SDGs and
innovation field, including open innovation and novel related technologies.

Figure 1 provides an overview of the framework and research approach implemented
in this work, as it provides a system to capture information messages from social media.
It starts with the identification of FinTechs start-ups (358 firms) and the Twitter activity
analysis of each sample with a criterion of minimum tweets for its later modeling imple-
mentation. Once the firms have been selected (21 firms) in the designated period, we
proceed to filter based on hashtags to obtain the collection of documents (JSON files)
to be processed according to selected tweet variables. After collecting documents, the
pre-processing phase includes the NLP applications, which comprises loading data, data
cleaning, exploratory analysis, and preparing data for interpretation. Finally, the text
analysis and classification are compiled in a Twitter word cloud to check the outputs of
unigrams and their consequent algorithms such as a bag of words and topic modeling
implementations, which are mainly used for uncovering hidden structures in a collection
of texts. Indeed, the purpose of our study is to extract the discourse that occurs in social
media. In this way, we have built a helpful methodological framework to address the main
steps of a comprehensive topic understanding. We explain in detail the whole process in
the following sections.
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3.1. Data Preparation and Retrieval

We selected these companies based on the Finnovating Spanish map (see Figure 1A),
which provides a helpful taxonomy that precisely indicates the category of activity in which
the FinTech firms operate: lending, financial infrastructure, financial products distribution,
tax and accounting solutions, personal finance, currencies, equity finance, investment, and
payments. The SMA was conducted for eight months, between January and August 2019.

Subsequently, we analyzed from the total amount of 358 firms those who have dis-
played constant activity on this form of social media. This research encompassed the
Twitter accounts of FinTech firms based mainly in Spain and including those start-ups with
a presence in other countries. The focus of this phase was to select the start-ups divided
by their economic activity containing those who are most active on Twitter (Figure 1B).
Therefore, the required samples to have insights from machine learning implementations
must establish feasible requirements and obtain meaningful outcomes, providing those
who meet a reasonable number of tweets, to be correctly processed [52]. Then, we estab-
lished as a selection criterion those with more than 400 tweets in the period designated
for this investigation. Hence, the base of minimum tweets amount per organization has
been set so that this sample can be sufficiently robust to have the correct functioning of the
machine learning algorithms be implemented in a later stage.

Table 1 lists 21 companies, based on their financial activity, and the number of
tweets retrieved during the research period. Data were collected from a sample of
32,716 public tweets retrieved using the Twitter Scraper (see https://github.com/taspinar/
twitterscraper/ accessed on 30 January 2020) and based upon FinTech firms’ usernames
(Figure 1C).

Table 1. The 21 FinTech companies selected based on their Twitter activity.

# Financial Activity Company Name Number of Tweets

1 Lending Creditea 827
2 Lending Goteo Funding 2749
3 Lending Aplazame 988
4 Financial infrastructure Ariadnext 503
5 Financial infrastructure Eurobits 512
6 Tax and accounting solutions Docuten 406
7 Tax and accounting solutions Quaderno App 901
8 Financial products distribution Credimarket 481
9 Financial products distribution iAhorro 1615
10 Personal finance Sonect 907
11 Personal finance Livetopic 419
12 Personal finance Fintonic 2294
13 Investment Rankia 6411
14 Investment Finect 8627
15 Investment Housers 822
17 Currencies Onyze 834
16 Currencies Kantox 916
18 Equity The Crowd Angel 521
19 Equity Fellow Funders 985
20 Payments Stripe 501
21 Payments LemonWay 497

Total 32,716

In this study, the purpose was to emphasize the discourse regarding the SDGs, inno-
vation, and related filtering terms, by retrieving information from each analyzed firms’
Twitter account. In the performed SMA, these accounts provided the keywords for classify-
ing messages (Figure 1D). Accordingly, we examined the way Twitter and its users broadly
identified the conversation regarding these topics—that is, the Twitter hashtags #SDG and
#9thGoal—combined with the keywords assigned to #Innovation.

https://github.com/taspinar/twitterscraper/
https://github.com/taspinar/twitterscraper/
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The data collection was based on a Twitter database that consisted of JSON (The
acronym of JavaScript Object Notation) files from each of the companies’ accounts (Figure 1E).
These tweets denoted the individual expressions or emotions required for linguistic analysis
and constituted the primary element of our analysis approach, which was conducted in
subsequent stages. Each tweet consists of seven variables: timestamp, the text of the tweet,
favorites, retweets (which is the same as reposted tweets), followers, tweet ID (which is a
unique number used to identify a tweet), and username.

The variables in a tweet are shown in Table 2. However, the approach implemented in
this study focused on three variables: (1) timestamp, which is used to define the analyzed
period; (2) text, which provides the primary base for algorithm implementation; and
(3) username, which is crucial to identify Twitter users (Figure 1F).

Table 2. Tweet variables.

# Variables Description

1 Timestamp Original date post
2 Text Plain text corpus to be analyzed
3 Favorites The accumulated number of likes
4 Retweets The accumulated number of repost
5 Followers The accumulated number of followers of each account
6 Tweet ID The unique number that identifies each tweet
7 Username The name of the user account

3.2. Pre-Processing Stage

To perform text mining, tweet dates were chosen to define the periods under study.
The subsequent focus was the text, from which we extracted all the information for our
analysis, as depicted in Figure 1G. The NLP approach was executed to clean the text from
the database of tweets and to establish the text corpus, which can be defined as a collection
of texts that is representative of a particular natural language [53].

The pre-processing phase was defined according to the following NLP steps [45],
which consists of extracting the regular expressions (RE), the standard notation for char-
acterizing text sequences; normalization, in which the same terms are unified regardless
of whether they are written in different formats or languages; tokenization, in which
words are separated by white spaces, sentences, and certain kinds of punctuation; fil-
tering, which consists of removing hashtags, odd characters, and Twitter jargon; other
pre-processing, which comprises secondary tasks such as eliminating repeated words or
characters, numbers, and blank spaces; and, finally, correcting grammatical errors in the
post and converting the entire text to lowercase.

3.3. Analytical Approach

Following preparation of the text collection, data analysis is critical to obtain the
valuable information needed to perform the machine learning techniques (see Figure 1H).
In this study, the analysis started with a collection of tweets, which comprised a database
based on the key terms associated with SDGs, innovation, and related words. Therefore,
period definition, text cleaning, and tweet classification were the first steps undertaken in
our analytical approach. For this stage, we used the R computational language, which is a
free software environment for statistical computing and graphics.

3.3.1. Text Analysis and Classification

Text classification, also known as categorization [54], defines the class of a given text
and incorporates text sources by topic [55]. A collection of sentences consists of words,
and in linguistics and probability, an N-gram is a contiguous sequence of N words from a
given sample of text. Here, we describe the main tasks implemented in our quantitative
approach to extract the features from data. This approach started with unigrams, which
consist of a one-word representation, to be used for term frequencies.
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Text analysis is the starting point of the IR method, which is best represented concisely
using text analysis tools. According to Feinerer [56,57], structured design is performed
by computing a term-document matrix (TDM) from either the text corpus or the text
database. The sentences of the document are split into a set of words using the space or the
punctuation characters [58].

3.3.2. Bag of Words Model

The TDM is a “bag of words” (BoW) mechanism containing term frequencies for all
documents in the corpus. The extracted words form a virtual BoW, and there is no ordering
or connection between them. The BoW that handles each word or group of words, known
as N-grams, is a unique characteristic of a text collection [59]. In this approach, word order
and grammatical word types are not considered. The BoW model is a simplified version
of information retrieval and NLP approaches. This model represents a multiset of words
divided by unigrams. The model defined the percentage of mentions about innovation,
SDGs, and related terms, establishing 3% as the minimum percentage of the total number
of tweets that talk about these topics.

3.3.3. Topic Modeling

Topic modeling is a machine learning algorithm that assumes a document as a mixture
of topics; that is, this method can learn the thematic structure from extensive document
collections without human supervision. Since it was first published [60], it has played an
essential role in a variety of text mining tasks, in fields such as social and political science,
bioinformatics, and digital humanities [61]. This technique consists of statistical modeling
to discover the abstract themes present in a large collection of documents, or, in the case of
this research, a database of tweets. As a result, topic modeling [62] is broadly used as a
conjuncture of text mining and the NLP tool to discover significant unknown information
in a given text corpus.

The latent Dirichlet allocation (LDA) algorithm is an unsupervised machine learning
technique that identifies latent topic information in large document collections. LDA uses
a BoW approach, treating each document as a vector of word counts. Each document is
represented as a probability distribution over some topics, and each topic is represented as a
probability distribution over several words [63]. LDA is a Bayesian version of probabilistic
latent semantic analysis, and it uses Dirichlet priors for document or word topics, applying
an improved generalization [60].

Thus, LDA represents each word in each document that comes from a topic, and the
topic is selected from a per-document distribution over topics. There are two matrices:

(1) θtd = p(t|d) portrays the probability distribution of topics in documents.
(2) Φwt = p(w|t) portrays the probability distribution of words in topics.
The probability of a word in a given document, for example, p(w|d), is equal to

∑
tεT

p(w|t, d) p(t|d), (1)

where T is the total number of topics.
Assuming that there are W words in the corpus for all of the documents, conditional

independence is assumed such that

p(w|t, d) = p(w|t).

Hence, p(w|d) is equal to
T

∑
t=1

p(w|t) p(t|d), (2)

that is, the dot product of θtd and Φwt for each topic t.
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4. Results

The implementation of the proposed methodology to the Twitter database allowed
us to compare and obtain insights on FinTech firms’ discourse, showing perceptions of
how they communicate with their clients, and the highlighted topics based on their type of
activity, including the terms that they use more frequently.

4.1. Discourse Analysis by Companies

Results from the examination of the discourse by company are shown as follows:
For Kantox, the main topics identified were about currencies, location as Barcelona,

work, team, start-ups, and a Brexit reference. In the case of Onyze, they centered the
discourse on cryptocurrencies, blockchain, digital, startups, banks, and the financial market.
For Fellow Funders, topics reflected investment, projects, platforms and entrepreneurs,
opportunities, and crowdfunding. For The Crowd Angel, basic themes were start-ups,
investment rounds, venture capital, opportunities, and crowdfunding.

Regarding Ariadnext, the discourse was about digital identity, locations such as Paris
Cyber Week and Rennes, CEO, French tech, and innovation. The Eurobits firm referenced
in Twitter open banking, innovation, and Spain, and it referred to companies such as IBM
and names such as Arturo McDowell. Credimarket discussion included mortgage, lending,
and experts. iAhorro communication consisted of mortgage, renting, financial education,
lending, and personal finance. Finect speech was about investments, funds, rent, and
markets. Housers noted projects, crowdfunding and crowdlending, real estate, investment,
and start-ups. Rankia mentioned investment, stock exchange, market, webinar, and Ibex.

Aplazame mainly mentioned financing, e-commerce, marketing, Think Tank, shop-
ping, and employment. Creditea discourse included the football team Rayo Vallecano,
Ecofin magazine, and money. Goteo Funding highlighted crowdfunding, projects, cam-
paigns, platforms, match funding, and sustainability. The Lemon Way company mentioned
topics such as payment, crowdfunding, marketplace, lemon boost, and innovation. Stripe
talked about support, business and service, and PayPal.

Fintonic mentioned applications and expenses, and referred to a name, Lupina Itur-
riaga. Livetopic mentioned finance, savings, and a name, Antonio Casal, in addition to
“WealthTech”, and “InsurTech”. The main topics of Sonect were start-ups, Swiss, finance,
and innovation. Docuten Twitter messages were about knowledge, blockchain, electronic
account, firm, webinars, and people such as Brais Mendez. Quaderno App discourse was
about sales tax, business, Amazon, and e-commerce.

4.2. Discourse Grouped by Activities

According to their activities, three groups of FinTech firms were chosen in relation to
the appearance of terms, as percentages, based on the text classification (see Table 3). To
delimitate the study, we selected three of these groups based on a significant incidence of
innovation and SDG-related topics. The column “Innovation” refers to all the terms related
to keywords such as innovative, open innovation, novel, new, disruptive. The column
“SDGs” refers to all the terms related to sustainable goals or any mention of the UN SDGs
in general.

The results of the BoW implementation were divided by activities, starting with
financial infrastructure, in which the co-occurrences of words mainly referred to CEO
(i.e., the acronym of Chief Executive Officer), digital, “RegTech” (i.e., regulation technol-
ogy), Finnovating hub, and innovation. Following the lending group, three words were
emphasized—campaign, financing, and crowdfunding—indicating the importance of the
activity in this field. In addition, e-commerce, Rayo, or Rayo Vallecano (a Spanish football
team), and documentary were highlighted. Regarding the personal finance field, start-up,
app, personal, and CEO were identified as the main co-occurring words, which were
followed by Spain, bank, money, success, and founder, which are related to the innovative
and entrepreneurial domain.
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Table 3. The percentage of innovation and SDG topics in fields with major appearances.

Terms Percentages (%)

Financial Activity FinTech Firms Innovation SDGs

Financial infrastructure
Ariadnext 9 2
Eurobits 22 -

Lending
Aplazame 5 -
Creditea 3 -

Goteo Funding 11 3

Personal finance
Fintonic 4 -

Livetopic 3 2
Sonect 8 -

4.3. Topic Modeling Scrutiny

Topic modeling based on the LDA algorithm was implemented to facilitate the ar-
rangement of the tweets database, after the classification was divided into the three fields
with the highest incidence of terms, such as innovation and other related terms, in addition
to mentions of the SDGs. The results of this approach are shown as follows:

Financial infrastructure was the result of topic modeling applied to the companies
Ariadnext and Eurobits, as shown in Table 4.

Table 4. Topic modeling results of the financial infrastructure field.

# Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7 Topic 8

1 openbanking Spain know your
customer frenchtech

payment
services
directive

numérique
payment
services
directive

know your
customer

2
payment
services
directive

rt Finnovating
hub Rennes Spain CEO eurobitstech numérique

3 eurobitstech world startup CEO innovation money innovation Marc
Norlain

4 aggregation innovation Amsterdam sales openbanking Rennes openbanking Paris fintech
forum

5 services blockchain Marc
Norlain

Finnovating
hub new know your

customer
Arturo

MacDowell idnum

6 IBMcloud CEO identity rt asocfintechins sales Spain digital
identity

Table 5 shows the results of Aplazame, Creditea, and Goteo Funding, which are
grouped in Lending activity.

Table 5. Topic modeling results of the lending field.

# Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7 Topic 8

1 crowdfunding projects credit crowdfunding Creditea with
elrayo projects snap financing

2 campaign crowdfunding findout campaign entry campaign financing ecommerce

3 projects days rayo
vallecano projects credit crowdfunding pay shop

4 documental through vamos rayo days football financing explain advantage
5 with campaign football want rayo social ecommerce method
6 social minimum discover money solicit platform business explain
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Regarding the personal finance field, the three companies analyzed were Fintonic,
Livetopic, and Sonect, for which results are shown in Table 6.

Table 6. Topic modeling results of the personal finance field.

# Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7 Topic 8

1 year hello app thanks hello veximx finance Holaualet
2 app app banks app app mosabi saving prestanomico
3 banks md consulting success mosabi dm radio sbcscalefintech financial start-ups
4 md consulting dm (radio) freelancers veximx money mangolifemx saving Mangolifemx
5 case euros money start-ups new bargeld antonio Swiss
6 top power year prestanomico user danke finect app

The outcomes of the financial infrastructure field (Table 4) highlighted technologies
such as IBM cloud and blockchain, and displayed the events promoted by the FinTech
firms, such as French tech, eurobitstech, Finnovating hub, and Paris FinTech forum, and
places such as Amsterdam, Rennes, and Spain. In addition, names such as Marc Norlain
and Arturo MacDowell are an indication of their presence at these events. The results of the
lending field (Table 5) indicate a focus on campaigns such as crowdfunding initiatives and
references to financial, payments, shops, and e-commerce. Moreover, sponsorship linked
to a football team—Rayo Vallecano—refers to activities outside the financial domain. The
personal finance field (Table 6) includes references to technology (apps) and companies
such as Ualet, Mosabi, Mangolifemx, and Veximx. Additionally, there are allusions to
success and freelancers as part of these firms’ field.

5. Discussion

Based on the following discussion, some propositions are compiled to guide the future
research on Fintech firms and their public discourse on social media:

Proposition 1. Social media provides a helpful framework to understand Fintech’s public discourse
about open innovation and SDGs.

The present study provides an improved comprehension of the interplay of FinTech
firms and online social media, focused on Twitter. The analysis showed that this platform
could help synthesize, trace, and understand relevant topics discourse. Interactions reveal
the growing specter of firms embracing innovation-driven and exploiting dynamic utilities
into the FinTech ecosystem, as illustrated in previous works [64–66]. This paper also
addresses the current research gaps identified by scholars regarding social media, open
innovation, and digital business [22].

Regarding the discourse by companies, except for a small number of companies,
awareness about innovation and a more direct mention of the open innovation strategy
engaging—and the SDGs—seemingly that is not part of the core conversations on Twitter.
This might indicate that the topics are more centered on the company’s interests, based
on their field of activity, and the news, actors, and publicity about which they boost their
activity, as another communication channel. It is still a challenge for this sector to embrace
social related topics, and the focus is related to emerging technologies such as artificial
intelligence, blockchain, smart contracts, and machine learning [37]. Social messages on
social media may have more relevance as far as (i) CSR may pay more attention to SDG
and (ii) the implementation of the open innovation paradigm could attract interest for
sustainable solutions regarding mentions of new technologies and social awareness, from
which investors and clients could be part of new “green” projects [8,27,67].

Based on their discourse classified by financial activity showed that financial infras-
tructure, lending, and personal finance were the fields with the most mentions of terms
related to innovation and SDGs (see Table 3). In contrast, equity finance showed the least
activity on Twitter and the smallest number of terms related to this activity. The financial
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infrastructure group showed a strong focus on open banking and payments. This can be
explained by the fact that the social media discourse of FinTech companies, which are in
this case start-up organizations, differs from that of large companies, which publish more
information in the Twittersphere, including that related to SDGs [12,68,69].

However, it can be deduced that 35% of FinTech companies have little or no activity
on Twitter. This can be explained because the potential on Twitter is not sufficiently
exploited. Furthermore, the majority are SMEs and start-ups who may not have developed
a good communication channel. These results contradict expectations based on theory
because social media has been proven to be a good repository for collecting big data
from companies [70–72], which in turn can provide insights to assess the implementation
of SDGs. In addition, the use of social media is a suitable method to make accounting
interventions beyond traditional organization-centric reporting, such as GRI standards [68].

Proposition 2. Twitter is a suitable platform to calibrate algorithms needed to conduct machine
learning analysis of FinTech’s information extraction.

As a result of the BoW model grouped by activity, the focus of each group is synthe-
sized as follows: the financial infrastructure group uses more words related to technology
and innovation. This view is rather different from that provided by topic modeling, which
is explained in the next paragraph. The lending group is focused on campaigns with
Spanish football teams to promote financing via crowdfunding. The personal finance
group also includes words related to their business model, such as the successful use of
apps for personal savings. Therefore, as can be deduced from these topics, the current
challenge is to learn how to benefit and exploit even more from social media’s potential
for innovation purposes [64], including social awareness. The relationship between SDGs
and crowdfunding in the entrepreneurial financial landscape can be explained due to
the importance of capital flows, investment, and redistribution of funds to implement
entrepreneurial projects, not only for the incumbent FinTech but also for the client start-ups
that use a FinTech platform to obtain funding [12].

The topic modeling implementation allowed us to identify the most relevant discus-
sion emphasized by each FinTech activity. The financial infrastructure group has a strong
focus on open banking and payments. This group pays the greatest attention to innovation
and highlights the digital technologies applied in their service offerings, such as blockchain
and the cloud. The lending group concentrates on crowdfunding platforms and on a recent
campaign undertaken entertainment, possibly to incentivize online sales and commerce.
The personal finance group highlights the mobility enabled through FinTech’s savings apps.
It also presents an international discourse, involving FinTech companies not only in Europe,
but also in Latin America and African regions. This can be explained because FinTech firms
usually apply digital technologies that enable outcomes, such as mobile apps (e.g., highly
mentioned by the personal finance group) or digital platforms (e.g., highly mentioned by
the lending group) [73]. Haddad and Hornuf [28] stated that FinTech firms establish new
ecosystems or hubs of entrepreneurial activities in specific geographic regions; however,
our study shows that social media can be used to establish international FinTech hubs with
companies that are not located in different regions, as proven by the personal finance group.
Therefore, the decision to locate a FinTech firm is less crucial due to the digitalization and
flattening of the financial world.

Proposition 3. FinTech ecosystem in Twitter illustrates the use of open innovation and tech
business models.

The references to new types of technologies and actors in a number of tweets indicate
that the analyzed FinTech firms may be willing to embrace cooperation (which implies the
open innovation implementation) with the visualization of novel business models, if there
is constant feedback and consequent follow up from social media, due to the disruptive
nature of the financial technology business [34]. However, limitations of information
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regarding adopting new open innovation approaches should be confirmed through surveys
or interviews directed to managers and CEOs of the firms involved. This final point is
outside of the scope of this research.

Proposition 4. Social media serve as a showcase to promote figures, events, and activities imple-
mented by FinTech firms.

The interaction of companies in social media provides a source of public debate and
a conversation that could be of interest to monitoring. Assessment of the main topics,
as undertaken in this study, can provide a feasible barometer focused on innovation. In
addition, the visibility that Twitter provides to those companies immersed in technological
and innovative initiatives provides a unique opportunity to understand the value of social
media and its role in catalyzing the spread of FinTech innovations [66].

The promotion of technologies related to innovative finance (e.g., crowdfunding)
appears to be part of the natural behavior of spreading new ideas. Thus, these companies
are able to significantly influence the activity in their network and inside and outside their
areas of action. For this reason, pairing online platforms can also help to promote SDGs
and innovation, creating awareness about the sustainable topics’ agenda.

Another important topic related to the FinTech public image is corporate social re-
sponsibility and its implication in social activities. As Liu et al. [74] pointed out, its role
is still moderate but promising in the Chinese banking sector. In another context, in the
study conducted by Rabbani et al. [75], they addressed that Islamic finance has solid con-
nections to financial stability and corporate social responsibility based on helping the poor
and marginalized with financial technologies. From this perspective, the reputation of
FinTechs could be benefited due to the social activities, as the start-ups could promote
their community services, as appeared in the recurrent topics based on our analysis, such
as those related to sports, crowdfunding activities, innovation, and to a lesser extent, the
sustainable goals. In this sense, social responsibility-related topics could give us extra
insights to enable new categorizations of sentiment analysis approaches.

A relevant question to be addressed is that the studied companies should be analyzed
from other perspectives and not limiting the analysis to the variable Twitter. For example,
what are the financial resources or incomes generated by those companies? These new
outcomes may also be influenced by company size. The used sample in this work is
based on small companies with few employees. However, future works might monitor
the evolutions over time of these companies as far; some results may be determined by
the growth of companies, as more size may provide a different look to include in SGDs
awareness and open innovation once the technical expertise is already gained. In addition
to these issues, looking at the companies only by their social media activity could be too
limited. Perhaps the bigger the company, the larger its social media activity in absolute
terms but not necessarily in relative terms per worker. Therefore, deeper analysis and a
better descriptive analysis of the sample are required.

Conclusions and Future Work

Based on their discourse in social media, it can be deduced that FinTech firms are not
fully involved in the global awareness of innovation and the SDGs. Innovation is clearly
promoted as a topic that could be part of an open innovation strategy, so current and
potential clients have additional room to interact, providing new ideas and feedback on
innovation through social media. One means of enriching these interactions would be to
bring SDGs into the innovation discourse. However, many of these firms neglect the impor-
tance of social media, particularly Twitter, for promoting sustainable businesses, start-ups,
and high technological new services. The results of this study identify different types of
collaboration with external actors and topics related to the open innovation implementation
in certain firms and activities. This is reflected in the mention of other companies, technolo-
gies, and different types of organizations related to innovation. A good strategy could also
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be to attract new types of clients and investors using the promotion of sustainable goals
and boosting cooperation under the umbrella of the open innovation strategy.

Founded on the current findings, this work contributes to understanding the discourse
regarding innovation and the role of the SDGs in FinTech firms’ activity and showed
varying approaches to discourse in public information streams. The low usage of Twitter
indicates that these powerful media channels could be used more actively, including in
campaigns related to financial inclusion, green energies, and new types of novel business.
However, it appears that this channel is not properly exploited. Of the 358 firms we
examined at the beginning of this study, which were deemed to be significant technology
companies, only 65% undertook constant activity using this form of social media. Many
of these companies are start-ups in the process of expansion. Despite the relatively low
activity noted in these firms—except for the promotion of their services—technology and
innovation references were present in messages relating to activities in which they were
involved due to their business nature.

This research was based on the use of text mining and algorithm implementation
in a specific case study. This area has been less analyzed in social sciences, and the
current research thus adds knowledge to the use of quantitative methods in innovation
management studies. In addition, it would be valuable to reproduce new mixed methods
in other types of firms related to Twitter and other social media databases. This study
might contribute to the further development of organization models to generate knowledge
for innovation and SDGs, helping firms to evaluate their discourse based on the SMA.

This study is limited only to the conversation that occurs on social media. We focus
on the FinTech firms (where the majority included in this analysis are start-ups) within
the Twitter environment. The inclusion of other sources such as surveys and interviews
and variables such as income, number of employees, and other financial resources could
open new avenues for future analysis. Another limitation is the geographical approach,
where different means of complementing this research would be to contrast the results
among diverse countries or regions. However, our results can be applied to other regions
considering that many of the analyzed firms also have a presence in other countries.

The inclusion of other relevant topics such as social responsibility, firms’ reputation,
media influence, and bots activity should be considered for new approaches. Another topic
could refer to longitudinal studies to assess the impact of social media in entrepreneurial
activities related to networking, performance, communication, and engagement, not only
for innovation and SDGs’ purposes but also regarding performance measurement for both
FinTech firms and the entrepreneurial ecosystem.

In addition, to complement our SMA proposition, future studies could use other ana-
lytical tools, such as deep learning, natural language understanding, and other trend topic
relationships [76]. In summary, it would be of interest to examine how the entrepreneurial
discourse in innovation and SDGs differs between large and SME companies. It would
also be valuable to investigate how social media support the entrepreneurial process from
opportunity recognition and business planning to project execution and launch, in the
open innovation framework.
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