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A B S T R A C T   

The COVID-19 pandemic has consolidated some trends that already existed in our society. Perhaps one of the 
most visible is the transformation of society towards greater digitisation. Digitalisation has gained weight in all 
aspects of our lives, and from the point of view of the health system we find an example in the slow historical 
adoption of telemedicine, which contrasts sharply with the massive conversion to this technology as a tool for 
social distancing. In this sense, the homebound population is the one most affected by the pandemic and the one 
that could benefit the most from the use of telemedicine. Using a netnography approach and based on the 
stimulus-organism-response paradigm, this study proposes to analyse the evolution of perception about tele
medicine using the opinions expressed on Twitter. The primary technical tasks of the study incorporate the 
analysis of topics and the review of emotions and positive image perception using natural language processing. 
Specifically, tweets about telemedicine generated by the Spanish community are analysed in this work. The 
findings show that the COVID-19 pandemic has affected emotions and topics of interest related to telemedicine. 
This has changed the image that it had and the behaviour of the Twitter community in Spain. In conclusion, the 
study results suggest that changes in health systems affect people’s emotions and behaviours.   

1. Introduction 

Telemedicine consists of using information and communications 
technology (ICT) for the remote exchange of information to provide both 
assistance and medical education in the form of teleconsultation (Belvís 
et al., 2021). The World Health Organization has promoted the following 
comprehensive description “The delivery of health care services, where 
distance is a critical factor, by all health care professionals using infor
mation and communication technologies for the exchange of valid in
formation for the diagnosis, treatment and prevention of disease and 
injuries, research and evaluation, and for the continuing education of 
health care providers, all in the interests of advancing the health of in
dividuals and their communities” (World Health Organization, 2010). In 
this vein, four components apply to telemedicine: 1) It means to provide 
clinical support; 2) It is intended to overcome geographical barriers, 
connecting users who are not in the exact physical location; 3) It involves 
the use of several types of ICT; 4) Its objective is to enhance health results. 
Telemedicine is a valuable tool to reduce the costs of health organisations 
that build more sustainable public health systems. It has enormous po
tential to reduce the inconsistency of diagnoses and improve the clinical 
management and distribution of health care services worldwide by 
increasing access, quality, efficiency, and cost-effectiveness. 

The COVID-19 pandemic has consolidated some trends that already 
existed in our society. Perhaps one of the most visible is the trans
formation of society towards greater digitisation. We have continued to 
work, interact, or enjoy… but connected throughout the hard months of 
confinement (Castro-Martinez et al., 2021). Digitalisation has gained 
weight in all aspects of our lives, also in the face of public administra
tions. From the point of view of the health system, we find an example in 
the slow historical adoption of telemedicine, which contrasts sharply 
with the massive conversion to this technology as a tool for social 
distancing. In this context, people’s health and health services have 
become one of the main concerns, including on online social networks 
(Hermann and Govender, 2022). In this way, the homebound population 
is the one most affected by the pandemic and the one that could benefit 
the most from the use of telemedicine. Supporting telemedicine in pri
mary care reduced the time to consult with the medical specialist and 
the number of patients on the waiting list, allowing the sickest patients 
to access a specialist faster (Yang et al., 2022). Moreover, telemedicine 
can be a useful tool for complementing and improving the monitoring of 
chronic patients (Ye et al., 2022) and the elderly (Cao et al., 2020). To 
adequately implement telemedicine in health systems, it is necessary to 
have a holistic vision that makes it possible to analyse the phenomenon. 
In this regard, the recent netnography technique provides suitable tools 
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for this. Netnography is defined as a genealogical form based on virtual 
communities and their cultures, accessible via the Internet (Kozinets, 
2002). This technique overcomes many traditional quantitative and 
qualitative methods when working with freely-created user-generated 
content. The development of online social networks has provided a 
forum for discussion on almost every subject of interest, and telemedi
cine is no exception. They bring together the knowledge, news, opinions, 
and experiences of the key players involved in a particular issue. In this 
sense, online social networks have proven to play an important role in 
transitory and adverse circumstances such as natural disasters, crises or 
catastrophes that require rapid measures to minimise the consequences 
(Castro-Martinez et al., 2021). COVID-19 fits perfectly with this defini
tion of a global crisis. However, each country has managed the COVID- 
19 pandemic differently, with cultural, economic, social and, most 
importantly, health system differences (Tang et al., 2022). With this in 
mind, it is interesting to study the case of Spain, a country belonging to 
the Western economies, with a health system comparable in number of 
beds per 1000 inhabitants to that of the US or the UK. It also has one of 
the highest rates of use of masks in the world, and, due to its Mediter
ranean culture, which facilitates rapprochement between people, it 
faced a high rate of infections and deaths caused by COVID-19 (Tang 
et al., 2022). Considering this scenario, the question guiding our work is: 
What has been the impact of the COVID-19 pandemic on telemedicine 
among the online community members in Spain? 

To answer that question, we used the Stimulus-Organism-Response 
(SOR) model (Mehrabian and Russell, 1974). This theory maintains 
that the response to a stimulus is dependent on how the organism in 
question handles it. For example, Teng and Bao (Teng and Bao, 2022) 
have applied this model to explain how interactions between people and 
information serve as a stimulus and are perceived by people for adopting 
fitness applications. In the health field, Yang et al. (Yang et al., 2021) 
study how online social support stimulates the patients’ perception of 
telemedicine applications to stay in online pharmacy programmes. 
Similarly, Ye et al. (Ye et al., 2022) examine how online and offline 
doctor-patient interactions are understood and how this stimulates 
continued attendance at online medical consultations. The study will 
take the COVID-19 pandemic as a stimulus. To achieve this, we will 
distinguish three time periods: before lockdown, lockdown, and after 
lockdown. The lockdown periods were not homogenous worldwide in 
variables such as the start date, length, level of restrictions, etc. Spe
cifically, the lockdown period in Spain was between March 15, 2020, 
and June 21, 2020, lasting 98 days and with mandatory stay-at-home 
orders. For our analysis, in a total three-year period incorporating the 
lockdown period, we consider the period before lockdown between 
October 1, 2018, and March 14, 2020, and the period after lockdown 
between June 22, 2020, and October 30, 2021. As the organism that 
must process these stimuli, we will use the Spanish online community 
related to telemedicine on Twitter. Specifically, the raw material is the 
posts about telemedicine published on Twitter for three years by Spanish 
users. We will use big data techniques that enabled us, based on 334,652 
tweets, to identify 34,746 tweets from users located in Spain. Similar 
studies have been developed in different areas such as tourism (W. An 
and Alarcón, 2021), consumer behaviour (Bilro et al., 2021) and urban 
planning (El Hilali and Azougagh, 2021). An analysis of emotions based 
on (Plutchik, 2001) and topics (Mogaji et al., 2021) treated by it will be 
developed in this community. As the response, we will include the image 
(positive or negative) that this community offers about telemedicine and 
the interest shown at each period measured by the variation in the 
number of daily tweets published. 

This work contributes in several ways. Most of the research on the 
adoption of telemedicine has been conducted centred on models such as 
TAM or UTAUT (Kamal et al., 2020; Shiferaw et al., 2021) using 
questionnaire-based methodologies. In addition, along with other the
ories close to the above, such as PET (Jarl and Lundqvist, 2020), TRA 
(Zhang et al., 2014) or TPB (Ramírez-Correa et al., 2020), it is based on 
the relationship between perceptions and their relationship to 

behaviours. However, our work has a novel vision provided by the 
netnographic methods, big data techniques and accompanied by the 
theoretical framework provided by the SOR model. From managers’ 
point of view, a vision is proposed on critical elements to understand the 
current response to this technology. We will explore the implications 
that different agents, subjects, and emotions may have in the future of 
this technology. We analyse the perceptions of these agents, and their 
behaviours, based on a new perspective provided by these new tech
niques. In this spirit, telemedicine appears as a great change and 
simultaneously as a challenge to provide an essential service to society. 

This article is structured as follows. First, the theoretical framework 
is developed, in which the SOR model and its application are explained 
in the current context of telemedicine. Second, the netnographic meth
odology used is discussed. In addition, the big data techniques used for 
analysing emotions, subjects, and feelings are described. The results of 
our analysis are described below. The study ends with a discussion of the 
results obtained, the main conclusions, and the limitations of the 
research. 

2. Literature review 

2.1. COVID-19, ICT and the healthcare industry 

At the start of 2020, emerging ICT, such as content sharing platforms, 
blockchain, robotics, and wearable devices, were helping pave the way 
for innovation. As organisations still had plenty of room to harness the 
full potential of digitisation, the COVID-19 pandemic significantly 
boosted the adoption of these technologies worldwide. These acceler
ated processes have occurred mainly in the health and education areas. 
On the one hand, society used all the benefits of bioinformatics, 
computational biology, and immunoinformatics to accelerate the dis
covery and development of vaccines against COVID-19. These results 
were achieved by the interdisciplinary application of data science, big 
data, and machine learning (Utku Kose et al., 2021). On the other hand, 
e-learning tools have been used worldwide, and all their pros and cons 
were shown, and, based on this, its bugs and drawbacks were corrected. 
The pandemic has led all academic structures to update their knowledge 
management and governments to invest in e-learning infrastructures 
(Alammary et al., 2021). And while it is a fact that the COVID-19 
pandemic has accelerated the trend towards the adoption of digital 
technologies, today, the embracing of these technologies can be hin
dered by external interests, nostalgia, opportunism, and adverse effects 
on well-being (Amankwah-Amoah et al., 2021). 

A solid health care system is vital to the development of a welfare 
state. As such, advancing technologies are a key tool in the sustainability 
of these systems (Alrahbi et al., 2022). Over the last few years, there has 
been a significant introduction of online services in a variety of ways. 
This has led to the development of telemedicine as a form of interaction 
with patients (Ye et al., 2022). One of the most significant impacts of the 
implementation of these technologies is the application of big data and 
artificial intelligence techniques with the information of patients 
themselves. Consequently, what has been called “P4 medicine” has been 
developed: predictive, preventive, personalised and participatory 
(Cuomo et al., 2020). As we can see, these new technologies have an 
impact on health care users by offering them benefits but also by forcing 
them to deal with certain problems. As a result, due to a significant 
change in the role of patients, these new technologies require a more 
active role on their part (Yang et al., 2022). Meanwhile, healthcare 
professionals are being forced to update for this new form of patient 
contact. 

Hermann and Govender (Hermann and Govender, 2022) examined 
comments from 128 countries on Facebook about COVID-19 during the 
lockdown period. Health logically played a particularly important role 
in the subjects covered. Oddly enough, most of the topics discussed were 
related to positive feelings, except for specific topics related to COVID- 
19. This illustrates the difference between people’s perceptions of 
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health services and the impact of the pandemic. Our work goes further in 
that regard. 

2.2. Stimulus organism response (SOR) 

Within the framework of environmental psychology, the SOR model 
has as an antecedent the Stimulus-Response (S-R) model. This S-R model 
describes how external factors motivate users to respond. Mehrabian 
and Russell (Mehrabian and Russell, 1974) revised the SOR model to 
include the concept of the organism in the stimulus-response relation
ship. The S-R model did not consider the organism’s characteristics -or 
person- in responding. Organisms with different traits may react 
differently in response to the same stimulus. The SOR model is used to 
study the impact of the environment on human emotions, which then 
impact behaviour. The central idea is that environmental factors influ
ence human cognitive and emotional responses, conscious and uncon
scious, and thus behaviour (Mehrabian and Russell, 1974). In other 
words, it mediates between the stimuli and the answer given. Overall, 
the SOR model has already been used to investigate the impact of 
environmental factors on emotional states and human behaviour (Bal
lester et al., 2021; Chao et al., 2021). Some studies have utilised this 
model for health systems (Yang et al., 2021) and telemedicine (Cao 
et al., 2020; Chang et al., 2019; Goyal et al., 2021). Applying the SOR 
model involves distinguishing three main groups of elements: stimulus, 
organism, and response (see Fig. 1). 

In terms of the impact of the COVID-19 pandemic on various health 
systems around the world, there is evidence (Tang et al., 2022) that 
environmental factors (economic, political, social, and cultural) have 
had a strong influence on the response of different health systems. This 
compels us to try to understand what the stimulus of the COVID-19 
pandemic has meant for Spain in a fundamental tool such as 
telemedicine. 

2.3. Stimulus: COVID-19 

The stimulus element is “the influence that arouses the individual” 
(Eroglu et al., 2001). Although these stimuli can be internal, such as the 
motivations of individuals, the primary stimuli come from the envi
ronment. As such, health issues are one of the most significant drivers of 
human behaviour (Pandita et al., 2021). COVID-19 may be considered a 
powerful environmental stimulus. The COVID-19 pandemic can be 
defined as a traumatic event, historically at the level of wars and eco
nomic depressions (Güngördü Belbağ, 2021). From the point of view of 
the SOR model, there are already a significant number of researchers 
(Chiu et al., 2021; Laato et al., 2020; Pandita et al., 2021; Song et al., 
2021; Zheng et al., 2020) who have treated COVID-19 as an external 
stimulus that causes responses in individuals. 

Our research considers COVID-19 as an external stimulus in our SOR 
model. To do so, we distinguish three periods. One is the time before the 
pandemic. Second, the months of strict COVID-19 lockdown. And as the 
last period, the months after a lockdown in which the pandemic is still 
present, although without the previous levels of freedom reductions. 

2.4. Organism: topics and emotions 

In the SOR model, the organism mediates between the stimulus and 
the response, affectively and cognitively. As we say, distinguish two 
large groups: cognitive and affective. The cognitive elements refer to 
individuals’ mental processes and “everything that goes in the con
sumers’ minds concerning the acquisition, processing, retention, and 
retrieval of information” (Eroglu et al., 2001). The affective elements 
reflect individuals’ emotions caused by environmental stimuli (Islam 
and Rahman, 2017). Our research has taken two parts within the or
ganism, one of an affective nature and a cognitive character. 

The cognitive elements considered are the topics covered and the 
agents that deal with these topics. The topics covered (El Hilali and 
Azougagh, 2021; Mogaji et al., 2021) discussed in the tweets published 
on telemedicine have been analysed. These topics are the main ideas 
that the researched community has addressed. And it perfectly fits the 
definition given above (Eroglu et al., 2001). On the other hand, the af
fective element analysed is the emotions related to the topics covered in 
the published tweets. Emotions are a primary aspect of human con
sciousness (Abramson et al., 2020). In the SOR model, many in
vestigations have included some emotions as an essential element of the 
organism (Chao et al., 2021; Chiu et al., 2021; Pandita et al., 2021). 
Specifically, we have included the eight basic emotions (Plutchik, 2001): 
anger, anticipation, disgust, fear, joy, sadness, surprise, and trust. Ana
lyses of emotions like ours have been carried out in other contexts 
(Hossain and Rahman, 2022). 

Based on the SOR model and the literature review, we propose the 
following proposition: 

Proposition 1. In the Spanish community that talks about telemedicine on 
Twitter, the evolution of COVID-19 affects the topics and their associated 
emotions. 

2.5. Response: sentiments and interactions 

Finally, in the SOR model, the response refers to the consequences of 
the stimulus after being mediated by the organism (Kamboj et al., 2018). 
As the last element, we consider two types of response: an effective 
response and another, behavioural response. 

In our research, the affective response assessed is the image, positive 
or negative, that is generated concerning the phenomenon of telemed
icine. For this, a positive or negative analysis of sentiments is a good 
solution. This type of analysis was successfully applied to the branding 
assessment (Bilro et al., 2021; Mingione et al., 2020; Mogaji et al., 
2021). On the other hand, the behavioural response collected in our 
research is the intensity of communication in each period. It is measured 
by the number of tweets published each day about telemedicine. In this 
sense, Luo et al. (2021) show that the increase in communications, 
especially on online social networks such as Twitter, can be a way of 
responding to the stimulus of COVID-19. The pandemic and lockdowns 
produce emotions in individuals that can be released through these 
types of interactions. Similar findings are provided by (Pandita et al., 
2021). Using the SOR model, they also find an increase in the in
teractions of individuals in online social networks and participation in e- 

Fig. 1. SOR framework applied to the study.  
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learning courses in response to COVID-19. 
Based on the SOR model and the literature review, we propose the 

following proposition: 

Proposition 2. In the Spanish community that talks about telemedicine on 
Twitter, the topics and their associated emotions affect the number of in
teractions that occur each day and the perceived image of this phenomenon. 

We will apply the netnographic methodology described below ac
cording to the SOR model described above. 

2.6. Netnography 

Kozinets (Kozinets, 1997, 1998) established the term Netnography in 
consumer behaviour research. In his words, netnography is defined as a: 
“new qualitative research methodology that adapts ethnographic 
research techniques to study the cultures and communities that are 
emerging through computer-mediated communications” (Kozinets, 
2002). In today’s Internet-driven world in which all events have a sig
nificant impact on online social networks netnography has now become 
one of the methodologies with the highest projection (Jeacle, 2021). 

The success of Netnography is due to its pragmatic and flexible na
ture to understand phenomena, combining quantitative and qualitative 
methodologies. It differs from other methodologies through three ele
ments (El Hilali and Azougagh, 2021): 

Cultural focus: Netnography focuses on culture to understand human 
behaviour in response to various phenomena. In our case, understanding 
how Spanish perceptions and behaviours have changed in response to 
telemedicine caused by COVID-19. 

Social media data: Netnography uses as its main data source the 
interactions and comments that occur on online social networks (Face
book, Instagram, Twitter, WhatsApp, …). Nowadays, everything that 
happens in “real” life has an impact on online social networks. Among 
these networks, the literature shows many reasons for choosing Twitter 
as a data source (Mingione et al., 2020): Firstly, it makes data available 
to researchers via an Application Programming Interface (API). Sec
ondly, it can accurately identify interactions between different in
dividuals. Third, Twitter reduces the text to 240 characters. That forces 
its users to work to select the most suitable words, which favours the use 
of an adequate lexicon for the analyses developed in our study. And 
finally, Twitter has played a particularly important role throughout the 
pandemic as an information channel that has contributed to managing 
the perception of risks through user interactions within this public space 
(Castro-Martinez et al., 2021). 

Participation: Netnography supposes the free participation of users in 
online social networks. This fact generates a participation with the so
cial, physical, and emotional characteristics of users within a commu
nity that facilitates their study. And as has been said, in our case, the 
Spanish community of Twitter users offers comments on telemedicine. 

For all these reasons, we consider that Netnography is an appropriate 
method for developing our research. 

3. Methodology 

This research is intended to be descriptive with a qualitative 
approach. Qualitative methodologies help researchers understand phe
nomena in context (Recker, 2013). Within these approaches, observa
tion is a crucial technique in data collection. This study draws on the 
netnography method proposed by Kozinets (Kozinets, 2002). Netnog
raphy is a modern form of observation that involves the observation of 
online behaviours or communities (Kozinets, 2010). According to Hei
nonen and Medberg (Heinonen and Medberg, 2018), netnography is a 
suitable method to study digital consumer behaviour, as people feel 
comfortable sharing personal ideas on the Internet. Additionally, we 
used quantitative data analysis to understand the main topics commu
nicated by users and evaluate emotions and positive sentiments in these 
communications. Fig. 2 shows the process followed in this study based 

on Kozinets (Kozinets, 2010). 
Next, we detail the research steps. 
Step 1: Definition of Research Questions. The research question 

defined in this study is: what has been the impact of the COVID-19 
pandemic on telemedicine among the online community members in 
Spain? 

Step 2: Community Identification and Selection. According to the 
research question defined, we identified the Spanish twitter community 
to study the phenomenon. Twitter is a popular social media platform 
with over 120 million active daily users, including individuals, organi
sations, celebrities, and political figures. The platform has made it easier 
for different social movements to communicate globally. Twitter fea
tures the ability to build a community and engage in online conversa
tions. Twitter users can post their thoughts in a short post, further 
comment on others’ posts, share others’ posts by “retweeting”, mention 
other users using an “@” character, and link their posts to an online 
repository of similar posts using hashtags (Kachen et al., 2021). Twitter 
was chosen on purpose for two main motives. First, this platform enables 
data access to interactions between users and organisations with few 
restrictions, thanks to the application programming interface (Mingione 
et al., 2020). And second, due to its 240-character limit on posts, the 
platform suits the NRC lexicon used to perform sentiment analysis 
(Mohammad et al., 2015). 

Step 3: Data Collection. We collected the data using Twitter’s API 
academictwitteR, an R package developed by Barrie and Ho (Barrie and 
Ho, 2021). We pulled 334,652 tweets posted in Spanish containing the 
word “Telemedicina” (Telemedicine in Spanish) from 1 October of 2018 
until 30 October of 2021, from all over the world. To avoid the inclusion 
of tweets that could amplify specific points of view or distort public 
communication, we used an R script to identify and delete automated 
messages (bots) based on the TweetBotOrNot R package. Additionally, 
we reviewed accounts with more tweets to determine if they were 
corporate accounts. The results reveal that their influence was minimal. 
Before analysing, we pre-process the data in two activities: 1) Geolocation 
filter. We aim to limit the analysis to the content generated in Spain. 
Following the procedure used by Agüero-Torales et al. (Agüero-Torales 
et al., 2021), we filtered the tweets in Spanish using the user profile 
localisation field. We searched for Spanish cities with a population of over 
25,000, province names, autonomous regions names, and any location 
identified as Spain. As a result, 34,746 tweets from users located in Spain 
were identified. 2) Tweets pre-treatment. We based the Tweets pre- 
treatment on Maier et al. (Maier et al., 2018); this procedure included: 
1. Turn all characters in lowercase; 2. Remove emoticons, digits, hash
tags, hyperlinks, punctuation, and special characters; 3. Eliminate stop- 
words; 4. Stemming; 5. Bigram tokenisation; and 6. Relative pruning, i. 
e., remove rare words occurring in less than 1 % of tweets. 

Step 4: Data Analysis and Iterative Interpretation of Findings. 
This step is composed of three sub-steps that are applied iteratively. 
Step 4.1: LDA-based Topics Modeling 
Natural language processing (NLP) is a challenging field in 

computing to allow computers to derive meaning from human language 
processing in textual documents (Jelodar et al., 2019). The topic analysis 
is an effective tool applied in NLP to extract topics from documents; this 
collection is known as a corpus. Latent Dirichlet Allocation (LDA) is an 
unsupervised statistical method to document modeling that uncovers 
latent semantic topics within extensive collections of text documents. 
LDA was proposed by Blei et al. (Blei et al., 2003), and the central insight 
of this approach is the notion that words contain reliable semantic in
formation about the document. Therefore, it is reasonable to assume that 
documents dealing with approximately similar topics will use the same 
set of words. Latent topics are thus uncovered by identifying a group of 
words in the corpus that occur often. The learning in LDA is unsuper
vised since the input data is incomplete: the corpus provides only the 
terms in the documents, and there is no set of training with topic an
notations. Thus, LDA models documents as a haphazard mixture of 
latent topics; each topic is described by its word distribution. LDA has 

J. Arenas Gaitán and P.E. Ramírez-Correa                                                                                                                                                                                               



Technological Forecasting & Social Change 190 (2023) 122420

5

become the most popular topic analysis method in the field (Campbell 
et al., 2015) and has been widely used to analyse user-generated content 
in Twitter documents (Jelodar et al., 2019). 

We used a set of R packages related to topic modeling. The top
icmodels package (Hornik and Grün, 2011) provided tools to fit an LDA 
model based on data structures from the text mining package tm 
(Feinerer et al., 2008). The LDAtuning package (Nikita and Nikita, 
2016) was used to obtain metrics to find the optimal number of topics for 
the LDA models. And finally, the LDAvis package (Sievert and Shirley, 
2014) was used for the interactive display of topic models. 

The topicmodels package has been used in many studies over the past 
decade, for instance, to derive latent brand topics and classify brand 
sentiments (Liu et al., 2017), or based on Twitter data for identifying 
relevant public health topics (Ghosh and Guha, 2013), examine the 
public discourse about the coronavirus pandemic (Kurten and Beullens, 
2021), and determine sentiments and track perceived the service quality 
of healthcare services (Lee et al., 2021). Also, the Ldatuning package has 
been used previously in the literature, for instance, to measure shifts in 
public sentiment opinion about migration during the COVID-19 
pandemic in some European countries and the United States (Rowe 
et al., 2021)and determine both the origin and direction of technology 
transfer research (Noh and Lee, 2019). Finally, the LDAvis package has 
been used recently to propose a theoretical contribution that explains 
how local governments define their smart city policy agenda (Clement 
and Crutzen, 2021), to provide research agenda about smart lighting 
business (Zarindast et al., 2021), and to investigate latent temporal 
topics from tweets during a recent disaster event (Zhou et al., 2021). 

Step 4.2: Emotions and Sentiments Analysis 
Sentiments analysis refers to detecting, extracting and categorising 

opinions, sentiments, and attitudes regarding different topics, as 
expressed in the textual input (Montoyo et al., 2012). On the other hand, 
computational emotion processing is a sentiment analysis task that has 
achieved acceptable precision using NLP techniques (Plaza-del-Arco 
et al., 2020). Emotion is a complex reaction pattern involving experien
tial, behavioural, and physiological elements by which individuals 
attempt to deal with a personally significant matter or event (APA, 2020), 
and the literature suggests that emotion has affective and cognitive 
components; the first component is related to our immediate response to 
stimuli, while the last component is our more controlled and conscious 
evaluation after the rapid response. The research proposes that positive 
and negative outcomes are associated with emotions (An et al., 2017). 

We used Syuzhet to recognise eight emotions (Jockers, 2015). In 
particular, the emotions recognised by the software are based on Plut
chik’s proposal of basic emotions (Plutchik, 2001):  

• Anger: our way of reacting to an attack, mainly if that act is done 
intentionally.  

• Anticipation: the beliefs we generate for ourselves about a specific 
incident or state based on our knowledge and information.  

• Disgust: we express our rejection determination or want to avoid 
something or someone.  

• Fear: is the uncertainty we feel when we generate expectations about 
something we suppose will harm us.  

• Joy: a state of satisfaction and comfort with ourselves and what we 
must live.  

• Sadness: a state of misery; it requires social support. 
• Surprise: the way we respond when something unanticipated hap

pens to us.  
• Trust: is the attitude we take in a particular way when considering 

that there is no injury or damage in a situation after an action. 

In this study, we associate the emotion with something that happens 
in the organism before a more general reaction, such as the positive or 
negative sentiments towards something. 

Regarding sentiment analysis, the R package applied was Syuzhet 
(Jockers, 2015). This package comes with four opinion dictionaries and 
offers a robust but computationally expensive method of opinion 
extraction based on the Stanford NLP Group toolkit. Among other fea
tures, Syuzhet provides the percentage of positive or negative docu
ments. Like us in this study, recent studies assessment (Bilro et al., 2021; 
Mingione et al., 2020; Mogaji et al., 2021) has associated the positive or 
negative feelings detected through sentiment analysis with the brand 
image. 

Step 4.3: Discussion and Interpretation of Findings 
Steps 4.1. and 4.2 were done several times with different parameters. 

After each iteration, the researchers discussed and interpreted the 
findings. The procedure used was that each researcher performed their 
interpretation individually, then these were compared; if they were not 
the same, this was discussed, and a consensus was reached. 

One researcher is Spanish, an expert in consumer behaviour, and has 
lived in Spain throughout the analysis period; the second researcher is 
an expert in online social networks and with professional experience in 
implementing ITC to support health systems. 

Step 5: Report Research Findings 
In this step, the study’s findings are reported based on the iterations 

of the previous step. These findings are associated with the literature in 
this activity, and their implications are identified. 

4. Results 

Fig. 3 provides a time distribution of the number of tweets. We note 
that the COVID-19 pandemic significantly impacts the chosen issue. 

Table 1 summarises the findings regarding the SOR framework. The 
first column refers to the different stimuli concerning the COVID 
pandemic periods in Spain: Before lockdown, Lockdown, and After 

Fig. 2. Research process.  
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lockdown. The central columns refer to the organism, and the last two 
columns to the response. In the central columns, K and label indicate 
identity and description of the topics discovered in the period. The 
number of topics in each period was determined by optimising the 
possible LDA models. Topic labels were made using the LDAvis visual
ization tool. The topics are grouped in a general theme, in bold above 
them. The column size shows the number of terms in each case from the 
LDA model determined for each period. After this column is the per
centages associated with the eight emotions detected in the tweets 
belonging to each topic using Syuzhet. The highest rate among the topics 
is in bold, and the lowest is underlined. Finally, regarding response, the 
last two columns contain, for each period, first the average number of 
tweets per day, and second, the rate of positive tweets. 

Before lockdown, four topics were identified, three associated with 
publicity and advertising (Advertisements of telemedicine platforms and 
programmes, Benefits of teleconsultation, and Telemedicine news) and 
one associated with news (The collapse of primary care). 

In the lockdown, eight topics were identified, five associated with 
opinions (Telemedicine as a tool for social isolation in medical consul
tations, Covid as a turning point for the use of telemedicine, Telemedi
cine as a suitable solution for consultations, Telemedicine is here to stay, 
and Covid accelerates telemedicine in primary care), two associated 
with advertising (Insurance company campaigns and Telemedicine 
campaigns to face Covid), and two associated with training (Telemedi
cine as a new service, help with the configuration and Ethical consid
erations for the application of telemedicine). 

After lockdown, eleven topics were identified, four associated with 
opinions (Benefits of telemedicine, The role of consultation in tele
medicine, Communication with the patient: telemedicine versus face-to- 
face, and Covid has changed the way of practising medicine), five 
associated with training (Conferences on telemedicine for health pro
fessionals, Courses and master on telemedicine, Webinar for pro
fessionals on digital transformation, Telemedicine and pain, and Course 
on physical examination and telemedicine), one associated with 
advertising (Technology and insurance companies offer telemedicine 
services), and one associated with news (Problems in primary care due 
to lack of doctors). 

In the final row of each period, the percentages associated with the 
emotions of the total tweets of the period are presented. At the end of the 
table, the results of an ANOVA test are presented. This indicates that 
there are statistically significant differences in the means of emotions 
per period. There are also statistically significant differences in the 
means per period of both the tweets per day and the scores of positive 
sentiments. Finally, in the last row, the table shows that the Pearson 
correlations between the emotions and the positive sentiment scores of 
all the tweets are in all the cases statistically significant. A list of ex
amples of tweets by topic in each period can be found in Appendix A. 

To test the causality between the emotions and the positive 

sentiment score, and if these relationships change significantly accord
ing to the three different stimuli, we perform a multigroup analysis with 
partial least squares (PLS-MGA). Table 2 shows the results of this anal
ysis. It can be noted that emotions explain the variance of the positive 
sentiment score, and the effect of most of these emotions changes 
significantly according to the stimulus. 

5. Discussion 

The results obtained allow us to successfully answer the question and 
propositions posed in our research: What has been the impact of the 
COVID-19 pandemic on telemedicine among the online community 
members in Spain? The findings show that the COVID-19 pandemic has 
affected emotions and topics of interest related to telemedicine. This has 
affected the image it had and the behaviour of the Twitter community in 
Spain. We wish to delve deeper into the results. 

First, from a theoretical point of view, the SOR model (Mehrabian 
and Russell, 1974) is a valuable theory for analysing and understanding 
the phenomenon of telemedicine application. In the same way, the SOR 
model has provided an adequate framework for applying netnographic 
techniques (Kozinets, 2002) to study this phenomenon. The results show 
how the pandemic caused by COVID-19 has generated new concerns and 
debate topics in the community and related to them, significant varia
tions in the associated emotions. And in response to this, the image 
projected concerning telemedicine in society has evolved, as well as the 
level of interaction of individuals in the face of this phenomenon. It has 
gone from a positive image before the lockdown to a worse image during 
the lockdown. And that image has been maintained during the current 
post-lockdown period. 

Regarding Preposition 1 (in the Spanish community that talks about 
telemedicine on Twitter, the evolution of COVID-19 affects the topics and 
their associated emotions), the three periods analysed (before lockdown, 
during lockdown, and after lockdown) affect the topics and their asso
ciated emotions that users offer on Twitter about telemedicine in Spain, 
and we find significant differences in the relationships (Tables 1 and 2) 
between topics, emotions and the affective response, and the image of 
telemedicine. Also, concerning the organism, we find remarkable dif
ferences between the three periods regarding topics covered and emo
tions generated. The ANOVA analysis indicates significant differences in 
the means of all emotions between the three periods. Before the 
pandemic, most of the topics covered were advertising and informative. 
Telemedicine was probably perceived more as a tool for the future and 
not so much for immediate implementation. Proof of this is the high 
values offered by the emotions of anticipation and trust. In this period 
appears the topic with the highest peaks, positive and negative, in the 
associated emotions. This topic is, logically, the news of the appearance 
of the COVID-19 pandemic. The second period, characterised by the 
lockdown, meant a meaningful change. The themes multiplied, and the 

Fig. 3. The timing of tweets from 2018-10-01 to 2021-10-30.  
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Table 1 
Analysis using SOR framework.  

STIMULUS ORGANISM RESPONSE 

COVID K Label Size Anger Anticipation Disgust Fear Joy Sadness Surprise Trust Tweets per 
day 

Positive 
Sentiment 

Before lockdown 
October 1, 2018, to 
March 14, 2020. 

Publicity and Advertising            
1 Advertisements of telemedicine 

platforms and programmes 
84.364  0.053  0.174  0.061  0.132  0.097  0.125  0.048  0.310   

2 Benefits of teleconsultation 77.665  0.059  0.170  0.063  0.133  0.099  0.150  0.055  0.271   
3 Telemedicine news 41.221  0.017  0.174  0.009  0.078  0.113  0.122  0.070  0.417   
News            
4 The collapse of primary care 14.749  0.152  0.124  0.142  0.250  0.000  0.207  0.104  0.021    

All tweets of the period   0.065  0.181  0.073  0.153  0.101  0.144  0.060  0.283  16.081  0.686 
Lockdown 

March 15, 2020, to 
June 21, 2020. 

Opinions            
1 Telemedicine as a tool for social isolation 

in medical consultations 
30.228  0.058  0.176  0.055  0.168  0.071  0.202  0.056  0.214   

2 Covid as a turning point for the use of 
telemedicine 

29.716  0.057  0.154  0.061  0.165  0.070  0.235  0.048  0.210   

3 Telemedicine as a suitable solution for 
consultations 

29.285  0.067  0.147  0.057  0.146  0.099  0.161  0.049  0.274   

5 Telemedicine is here to stay 27.069  0.056  0.189  0.056  0.165  0.077  0.159  0.051  0.246   
6 Covid accelerates telemedicine in 

primary care 
25.480  0.077  0.113  0.063  0.243  0.055  0.234  0.039  0.176   

Advertising            
7 Insurance company campaigns 22.466  0.058  0.111  0.131  0.190  0.053  0.157  0.013  0.287   
9 Telemedicine campaigns to face Covid 16.062  0.063  0.000  0.125  0.063  0.000  0.438  0.000  0.312   
Training            
4 Telemedicine as a new service, help with 

the configuration 
28.265  0.063  0.154  0.061  0.172  0.071  0.189  0.044  0.246   

8 Ethical considerations for the 
application of telemedicine 

22.429  0.055  0.161  0.084  0.044  0.028  0.183  0.013  0.432    

All tweets of the period   0.066  0.169  0.065  0.180  0.078  0.184  0.051  0.258  91.818  0.603 
After lockdown 

June 22, 2020, to 
October 30, 2021. 

Opinions            
1 Benefits of telemedicine 22.463  0.050  0.178  0.039  0.158  0.096  0.141  0.044  0.294   
3 The role of consultation in telemedicine 21.507  0.056  0.190  0.047  0.173  0.082  0.169  0.060  0.223   
6 Communication with the patient: 

telemedicine versus face-to-face 
20.733  0.044  0.199  0.052  0.123  0.096  0.140  0.037  0.309   

8 Covid has changed the way of practising 
medicine 

18.818  0.037  0.158  0.044  0.221  0.080  0.240  0.044  0.177   

Training            
2 Conferences on telemedicine for health 

professionals 
22.131  0.032  0.186  0.052  0.106  0.089  0.125  0.064  0.345   

4 Courses and master on telemedicine 21.504  0.043  0.172  0.064  0.130  0.090  0.163  0.071  0.265   
5 Webinar for professionals on digital 

transformation 
20.962  0.043  0.171  0.071  0.104  0.083  0.144  0.062  0.323   

9 Telemedicine and pain 18.810  0.032  0.141  0.103  0.207  0.029  0.351  0.049  0.087   
10 Course on physical examination and 

telemedicine 
16.908  0.029  0.046  0.123  0.215  0.031  0.428  0.033  0.095   

Advertising            
7 Technology and insurance companies 

offer telemedicine services 
19.050  0.080  0.189  0.055  0.123  0.105  0.102  0.073  0.273   

News            
11 Problems in primary care due to lack of 

doctors 
15.114  0.168  0.012  0.159  0.318  0.006  0.161  0.016  0.161    

All tweets of the period   0.056  0.166  0.073  0.167  0.082  0.198  0.055  0.257  34.575  0.601   
ANOVA F-Test Statistics for period means  262.6***  714.5***  188.5***  423.2***  433.5***  222.2***  248.4***  909.7***  521.6***  1460.2***   
Pearson Correlation with Positive Sentiment Score  0.141**  0.561**  0.077**  0.126**  0.580**  0.071**  0.298**  0.664**   

The highest values for each emotion in each time period considered are shown in bold. The underlined values refer to the lowest values for each emotion in each time period. 
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associated emotions changed drastically. During this period, there is an 
important nucleus of conversations around issues related to the imple
mentation of telemedicine in this new context. One of the main ideas is 
that telemedicine has come to the health system to stay. This implies the 
need to have the right tools for its application. A validation of this is the 
crucial role that training has among the topics dealt with. In this period, 
it is observed how extreme emotions are more recorded in the topics 
related to opinions than in other topics where communication has an 
informative nature. Finally, the number of topics increased in the post- 
lockdown period, although with a very different distribution between 
the groups. Opinion debates have been reduced, and training has gained 
more weight. This is in line with the previous idea that the community 
understands telemedicine to be a tool that will remain within the 
Spanish health system. During this period, fear probably decreases 
because telemedicine is now perceived as a complementary tool rather 
than the main medical consultation form. Our findings are in line with 
previous studies in other online communities of users. In general, and as 
our analysis shows, emotional perceptions changed as the pandemic 
unfolded. Chandrasekaran et al. (Chandrasekaran et al., 2020) reviewed 
the topics of the tweets related to COVID-19, and the sentiments asso
ciated with them changed over a period before and after the illness was 
declared a pandemic. Sentiment scores were negative throughout the 
review period on topics such as case growth, symptoms, and the policy 
impact of COVID-19. On the other hand, the authors reported a shift in 
sentiment from negative to positive for topics such as the prevention, 
economic impact, government response, and impact on the healthcare 
industry. Furthermore, as our findings show, the emotion of fear di
minishes over time. Xue et al. (Xue et al., 2020) studied tweets related to 
COVID-19 from January to March 2020 and discovered several topics; 
among them, fear was the most prominent emotion. Nevertheless, and 
based on tweets across 12 countries from January 2020 to April 2021, 
Oliveira et al. (Oliveira et al., 2022) reported that over the period of the 
study anger was steadily the most prevalent emotion, followed by 
sadness, optimism, and joy. In relation to online opinions on telemedi
cine, the previous literature, as well as our findings, details changes in 
the topics that are discussed at different periods of the pandemic. Mas
saad and Cherfan (Massaad and Cherfan, 2020) inquired about tweets 
related to telemedicine in a short period at the beginning of the 
pandemic, from March 30, 2020, to April 6, 2020. Mental health and 
health insurance were the most common health-related topics found by 
these authors, which reflects a high need for mental health care during 
the pandemic, and accelerated access to telemedicine with a change in 
coverage policies. Also, Anderson et al. (Anderson et al., 2022) reviewed 
tweets about telemedicine early in the COVID-19 pandemic (March/ 
April 2020) and a year later (March/April 2021). Their findings indicate 
differences among the periods regarding the topics. Specifically, at the 
beginning of the pandemic, in line with Massaad and Cherfan (Massaad 

and Cherfan, 2020), topics included the use of telemedicine in general, 
telemedicine for mental health applications, and health insurance for 
telemedicine services. More recently, the topics have focused on 
telemedicine-related events and the growing importance of telemedicine 
services. As in our results, different topics are associated with different 
emotions in the communities associated with telemedicine. Krittana
wong et al. (Krittanawong et al., 2022) explored more than one million 
tweets from non-telemedicine healthcare professionals from July 1, 
2020, to August 1, 2020. They divided the tweets into two groups, 
positive sentiments with 71.4 % and negative sentiments with 28.6 %. 
Positive tweets are linked to four topics: very safe and convenient; 
beneficial in psychotherapy; avoiding excessive transport; and envi
ronmental benefits. Negative tweets are related to five topics: lack of 
insurance coverage; poor broadband Internet access; cybersecurity and 
data security; interface or software problems; and correspondence with 
the doctor’s office. Analogous to the effect in online communities by the 
pandemic, in communities associated with telemedicine, some results 
indicate that activity levels and emotions have changed throughout the 
pandemic. Champagne-Langabeer et al. (Champagne-Langabeer et al., 
2021) studied tweets containing telemedicine between November 2019 
and April 2020. Their results show that the COVID-19 pandemic caused 
an increase in tweets related to telemedicine and COVID-19 and that, in 
general, most people feel positive or neutral emotions towards tele
medicine. Nitiema (Nitiema, 2022) reviewed the opinions of health 
professionals about telemedicine services from 2013 to 2020. The 
analysis revealed that comments about the quality of care delivered 
through telemedicine are associated with an overall negative rating. 
However, the average rating was less harmful during the pandemic than 
in the pre-pandemic. Additionally, there were positive views about the 
perceived benefits of telemedicine, but the thoughts about these benefits 
were less favourable during the pandemic compared to the pre- 
pandemic period. This last result for health professionals is in line 
with the results of our analysis. 

As we can see, our research findings are consistent with other 
research in the area of health and telemedicine in online social net
works. These works indicate that there is an evolution, both in topics and 
in emotions, associated with the progress of COVID-19. 

Finally, in relation to Proposition 2 (in the Spanish community that 
talks about telemedicine on Twitter, the topics and their associated emotions 
affect the number of interactions that occur each day and the perceived image 
of this phenomenon), we have found statistically significant relationships 
between the organism, topics and emotions, and the affective response, 
in the form of a positive image level of the telemedicine phenomenon. 
These results are associated with qualitative reports that recognise 
challenges for telemedicine due to the biases of patients and health 
personnel (Chitungo et al., 2021; Mbunge et al., 2022). In general, all 
emotions affect the image, although not all to the same extent. And its 

Table 2 
PLS-MGA results.   

Beta coefficients Path coefficients’ differences and significance levels 

Antecedent of positive sentiment Before Lockdown After Before 
versus 
Lockdown 

Before 
versus 
After 

Lockdown 
versus 
After 

Anger 0.095*** − 0.015ns 0.051*** 0.110*** 0.044*** − 0.066*** 
Anticipation 0.325*** 0.284*** 0.321*** 0.041** 0.004ns − 0.037** 
Disgust 0.036*** − 0.020* − 0.037*** 0.056*** 0.073*** 0.017ns 
Fear − 0.071*** − 0.088*** − 0.122*** 0.017ns 0.051*** 0.034** 
Joy 0.213*** 0.202*** 0.205*** 0.011ns 0.008ns − 0.003ns 
Sadness − 0.020*** 0.056*** 0.061*** − 0.076*** − 0.081*** − 0.005ns 
Surprise − 0.094*** 0.007ns − 0.059*** − 0.101*** − 0.035** 0.066*** 
Trust 0.446*** 0.442*** 0.455*** 0.004ns − 0.009ns − 0.013ns 
R2 0.568 0.556 0.555    

ns: not significant. 
* p<0.05 
** p<0.01 
*** p<0.001 
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weight has varied from one period to another. In any case, the analysis of 
the structural equations tells that anticipation, trust, and joy are the 
emotions that most contribute to creating a positive image. Possibly, in 
this case, joy should be understood, more than as fun, as an idea related 
to the ease of use of this platform. As the topics with a higher level in this 
emotion point out. On the contrary, fear is the emotion that most hinders 
the positive image of telemedicine. The latter issue is consistent with 
reported concern about the security of personal health information 
when considering telemedicine (Kichloo et al., 2020). From a behav
ioural point of view, we also found significant differences in the number 
of tweets published each day in each of the periods. These findings are in 
line with other research with different methodologies, where the impact 
of perceptions on attitudes and behaviours in relation to health services 
was analysed. For example, Alrahbi et al. (Alrahbi et al., 2022) found 
that perceptions of the health system in the United Arab Emirates had an 
impact on the implementation of telemedicine in that country. For their 
part, Cao et al. (Cao et al., 2020) found that the perceptions of users of 
mobile health applications about the excess of information and functions 
of these applications, their fatigue and technological stress affected their 
behaviours related with resistance to the adoption of this technology. 
Using a methodology similar to ours, Boursier and colleagues (Boursier 
et al., 2021) found that for parents of children with Down syndrome who 
shared information through online communities, their perceptions 
affected their attitudes and behaviours through group learning. Simi
larly, Eriksson and Salzmann-Erikson (Eriksson and Salzmann-Erikson, 
2018) found that perceptions of the use of robots for geriatric care ser
vices affected attitudes towards this type of technology. In short, the 
perceptions expressed by individuals are the basis for subsequent atti
tudes and behaviours related to technologies in the health sector. 

6. Academic, managerial and social contributions 

Our work makes various academic contributions, but mainly social 
and for managers. From a scholarly point of view, most of the research 
on the adoption of telemedicine has been conducted using models such 
as TAM or UTAUT (Kamal et al., 2020; Shiferaw et al., 2021) using 
questionnaire-based methodologies. However, our work has a novel 
vision provided by the netnographic methods and big data techniques 
(W. An and Alarcón, 2021; Hossain and Rahman, 2022). On the other 
hand, many works carried out from netnography have a strong 
descriptive character (El Hilali and Azougagh, 2021; Kachen et al., 
2021); however, our research is guided by the theoretical framework 
provided by the SOR model (Mehrabian and Russell, 1974). Recently, 
Cambra-Fierro et al. (Cambra-Fierro et al., 2022), based on a systematic 
literature review and a focus group, have revealed a trend associated 
with COVID-19 of the application of technological advances in the ser
vice industry, such as telemedicine, and suggest the SOR model as a 
theoretical base, and SEM and text mining as quantitative methods for 
its future study. Like other studies (Amin et al., 2022; Goyal et al., 2021), 
our work used the SOR model to analyse telemedicine. Also, we used 
quantitative methods such as PLS-SEM and text analysis, which are 
consistent with the previous suggestion. But in addition, we add the 
netnography approach as a method of analysing the evolution of 
perception of the online community. This addition allows a pragmatic 
and flexible understanding of phenomena in the service industry, 
combining quantitative and qualitative methodologies. 

From the point of view of managers, our work also makes contri
butions. Since the appearance of COVID-19, telemedicine has been the 
first line of defence for doctors, maintaining social distancing and 
providing personal care services only in the most urgent cases (Vidal- 
Alaball et al., 2020). There are yet significant barriers in its imple
mentation today. In this way, although the challenge of having a 
communication instrument to inform and educate the population on the 
recommended use of telemedicine has been identified since the begin
ning of the pandemic (Ohannessian et al., 2020), there are still pop
ulations in the world with little knowledge of it (Omboni et al., 2022). 

Consequently, there is a call for these elements of communication; this 
study provides specific ideas on these elements. We provide a collection 
of the topics covered in each period and the evolution in related emo
tions. Together with this, we offer a quantitative view of the image of 
telemedicine as a tool. The managers of companies related to the health 
system, both public and private, should consider this information when 
making decisions about the role of telemedicine within their range of 
services. Similarly, our results have shown that to achieve a positive 
image of telemedicine it is necessary to foster, especially, the emotions 
of anticipation and trust, and at the same time combat the emotion of 
fear. The communication policy of these companies must collect these 
emotions to be successful, both when generating new topics for debate 
that improve the image of the phenomenon and when managing the 
communication of existing topics. For example, after lockdown some of 
the most critical topics are related with training, and within them, we 
can highlight “Course on physical examination and telemedicine”. If we 
analyse the emotions related to this topic, we see that they are mainly 
negative: fear, sadness, and anger. On the other hand, positive emotions 
such as trust and anticipation are relatively low. In this situation, we 
understand that the agents, public or private, in charge of carrying out 
these courses should take this data into account to manage future 
training programmes. The new training programmes must offer and 
make visible greater security and trust, and demonstrate their effective 
responsiveness. At the same time, these must combat the most negative 
emotions. An idea could be to mention success stories with online pa
tients using physical exams in different contexts. 

Finally, our research has exciting contributions to society, especially 
technological changes. First, telemedicine is a necessary tool for the 
long-term sustainability of health systems. Our results show that tele
medicine should be understood as a complementary tool, not a substi
tute for face-to-face medical consultation. However, the pandemic has 
accelerated its implementation, which has generated image problems 
for this tool. In this sense, we want to highlight how one of the main 
contributions of our work is the demonstration that technological 
changes, especially in sensitive areas such as health, affect people’s 
emotions and behaviour. The significant differences in the ANOVA test 
of emotions between the different periods analysed demonstrate this. 

7. Conclusions 

In conclusion, COVID-19 has affected the adoption of telemedicine as 
a tool in the healthcare system. This impact is certainly positive for the 
health system to ensure long-term sustainability. However, it also de
mands a more active involvement of the agents involved - professionals, 
organisations, companies and particularly patients - which generates 
feelings and emotions that are not always positive. The results of our 
study indicate that in the Spanish community that talks about telemedi
cine on Twitter, the evolution of COVID-19 affects the topics and their 
associated emotions, and this, in turn, explains the image and number of 
tweets published. In short, these are technological improvements that 
promote change related to sensitive elements of society, such as medicine 
and health. The future of medicine is seen with a greater weight of 
technology and the involvement of patients themselves in adopting these 
technologies. The emergence of wearables, such as watches to measure 
the pulse, or new devices aimed at online monitoring of chronic patients, 
for example, diabetes, are good examples of the current implementation 
of health-related technologies. Our work suggests that changes in health 
systems affect people’s emotions and behaviours. 

8. Limitations and future lines of research 

Finally, our work suffers from limitations that serve as a stimulus for 
future research. First, natural language recognition by computers has its 
limits. For example, sarcasm, or metaphors, may not be well understood. 
In this sense, we must recognise that Twitter is an excellent tool to 
capture the opinions of a community due to the need to communicate 

J. Arenas Gaitán and P.E. Ramírez-Correa                                                                                                                                                                                               



Technological Forecasting & Social Change 190 (2023) 122420

10

through concise messages, which means that the ideas that are to be 
conveyed must be very well defined. We hope that improvements in 
natural language recognition algorithms through computers will solve 
these problems in the future. Secondly, in our data cleaning, there may 
be Spanish tweets that have not been considered due to the lack of in
formation offered by Twitter. Our approach to georeferencing messages 
was indirect. One solution could be to analyse more specific commu
nities, such as telemedicine by chronic patients in a particular 
geographical area. Lastly, the statistical techniques used to search for 
causality between the elements of the SOR model use linear relation
ships. In this sense, we believe that it would be interesting to address 
non-linear cause-effect relationships, especially in human emotions. 

In addition, further research needs to apply and compare the findings 
of our study in other countries to ensure the robustness of the results. 
Specifically, we believe that the netnography-based method’s usefulness 
in other virtual communities to study the effects of the COVID-19 
pandemic and the consequences associated with telemedicine should 
be explored to improve the strength of our findings. Related to the first 
idea, for example, netnographic research to understand scholarly com
munities impacted by the COVID-19 pandemic is an area that should be 
revisited. The effect of the pandemic on the explosive use of ICT for 
education is a remarkable fact that requires a detailed exploration of the 
emotions and feelings of its users to understand its future development. 
Associated with the second idea, studies in countries with cultures other 
than the Mediterranean, such as Asians and Anglo-Saxons, are good 
options to explore their online communities about telemedicine. Cul
tural differences are relevant to explain the acceptance of technologies, 
and it is possible that, in the case of telemedicine, such effects exist or do 

not exist. Despite the academic relevance of the studies suggested above, 
given the importance of the use of telemedicine to reduce health gaps in 
Latin American countries, the cultural and language proximity to Spain 
indicate that the replication of this study in those regions can provide 
relevant inputs for public policies for national governments and inter
national organisations. 
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Güngördü Belbağ, A., 2021. Impacts of Covid-19 pandemic on consumer behavior in 
Turkey: a qualitative study. J. Consum. Aff. 1–20. https://doi.org/10.1111/ 
joca.12423. 

Heinonen, K., Medberg, G., 2018. Netnography as a tool for understanding customers: 
implications for service research and practice. J. Serv. Mark. 32 (6), 657–679. 
https://doi.org/10.1108/JSM-08-2017-0294. 

Hermann, C., Govender, M., 2022. eHealth engagement on Facebook during COVID-19: 
simplistic computational data analysis. Int. J. Environ. Res. Public Health 19 (8). 
https://doi.org/10.3390/ijerph19084615. 

Hornik, K., Grün, B., 2011. Topicmodels: an R package for fitting topic models. J. Stat. 
Softw. 40 (13), 1–30. 

Hossain, M., Rahman, M., 2022. Detection of potential customers’empathy behavior 
towards customers’reviews. J. Retail. Consum. Serv. 65 https://doi.org/10.1016/j. 
jretconser.2021.102881. 

Islam, J., Rahman, Z., 2017. The impact of online brand community characteristics on 
customer engagement: an application of stimulus-organism-response paradigm. 
Telematics Inform. 34 (4), 96–109. https://doi.org/10.1016/j.tele.2017.01.004. 

Jarl, G., Lundqvist, L.O., 2020. An alternative perspective on assistive technology: the 
person–environment–tool (PET) model. Assist. Technol. 32 (1), 47–53. https://doi. 
org/10.1080/10400435.2018.1467514. 

Jeacle, I., 2021. Navigating netnography: a guide for the accounting researcher. In: 
Financial Accountability and Management, Vol. 37, Issue 1. Blackwell Publishing 
Ltd., pp. 88–101. https://doi.org/10.1111/faam.12237 

Jelodar, H., Wang, Y., Yuan, C., Feng, X., Jiang, X., Li, Y., Zhao, L., 2019. Latent dirichlet 
allocation (LDA) and topic modeling: models, applications, a survey. Multimed. 
Tools Appl. 78 (11), 15169–15211. 

Jockers, M.L., 2015. Syuzhet: Extract Sentiment and Plot Arcs From Text. Retrieved 
October, 21, 2015.  

Kachen, A., Krishen, A.S., Petrescu, M., Gill, R.D., Peter, P.C., 2021. #MeToo, #MeThree, 
#MeFour: twitter as community building across academic and corporate institutions. 
Psychol. Mark. 38 (3), 455–469. https://doi.org/10.1002/mar.21442. 

Kamal, S.A., Shafiq, M., Kakria, P., 2020. Investigating acceptance of telemedicine 
services through an extended technology acceptance model (TAM). Technol. Soc. 60, 
101212 https://doi.org/10.1016/j.techsoc.2019.101212. 

Kamboj, S., Sarmah, B., Gupta, S., Dwivedi, Y., 2018. Examining branding co-creation in 
brand communities on social media: applying the paradigm of stimulus-organism- 
response. Int. J. Inf. Manag. 39, 169–185. https://doi.org/10.1016/j. 
ijinfomgt.2017.12.001. 

Kichloo, A., Albosta, M., Dettloff, K., Wani, F., El-Amir, Z., Singh, J., Aljadah, M., 
Chakinala, R.C., Kanugula, A.K., Solanki, S., 2020. Telemedicine, the current COVID- 
19 pandemic and the future: a narrative review and perspectives moving forward in 
the USA. Fam.Med.Community Health 8 (3). 

Kozinets, R.V., 1997. “I want to believe”: a netnography of the X-philes’subculture of 
consumption. Adv. Consum. Res. 24 (1), 470–475. 

Kozinets, R.V., 1998. On netnography: initial reflections on consumer research 
investigations of cyberculture by Robert V.Kozinets. Adv. Consum. Res. 25 (1), 
366–371. 

Kozinets, R.V., 2002. The field behind the screen: using netnography for marketing 
research in online communities. J. Mark. Res. 39 (1), 61–72. https://doi.org/ 
10.1509/jmkr.39.1.61.18935. 

Kozinets, R.v., 2010. Netnography: Doing Ethnographic Research Online. Sage 
Publications. 

Krittanawong, C., Narasimhan, B., Hahn, J., Narasimhan, H., Jneid, H., Virani, S.S., 
Wang, Z., Lavie, C.J., Arena, R., Tang, W.H.W., 2022. Individual sentiments on 
telehealth in the COVID-19 era: insights from twitter. Prog. Cardiovasc. Dis. 71, 100. 
https://doi.org/10.1016/j.pcad.2022.04.011. 

Kurten, S., Beullens, K., 2021. # coronavirus: monitoring the belgian twitter discourse on 
the severe acute respiratory syndrome coronavirus 2 pandemic. Cyberpsychol. 
Behav. Soc. Netw. 24 (2), 117–122. 

Laato, S., Islam, A.K.M.N., Farooq, A., Dhir, A., 2020. Unusual purchasing behavior 
during the early stages of the COVID-19 pandemic: the stimulus-organism-response 
approach. J. Retail. Consum. Serv. 57, 102224 https://doi.org/10.1016/J. 
JRETCONSER.2020.102224. 

Lee, H.J., Lee, M., Lee, H., Cruz, R.A., 2021. Mining service quality feedback from social 
media: a computational analytics method. Gov. Inf. Q. 38 (2), 101571. 

Liu, X., Burns, A.C., Hou, Y., 2017. An investigation of brand-related user-generated 
content on Twitter. J. Advert. 46 (2), 236–247. 

J. Arenas Gaitán and P.E. Ramírez-Correa                                                                                                                                                                                               

https://doi.org/10.1016/j.neubiorev.2020.03.023
https://doi.org/10.1016/j.neubiorev.2020.03.023
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110923506450
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110923506450
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110923506450
https://doi.org/10.1080/0144929X.2021.1973106
https://doi.org/10.1108/JKM-03-2020-0224
https://doi.org/10.1016/j.jbusres.2021.08.011
https://doi.org/10.1016/j.jbusres.2021.08.011
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110957359482
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110957359482
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110957359482
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110925325219
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110925325219
https://doi.org/10.1016/j.jdmm.2020.100549
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110925403008
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110925403008
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110925403008
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110926539336
https://doi.org/10.1108/SJME-11-2020-0189/FULL/HTML
https://doi.org/10.1108/SJME-11-2020-0189/FULL/HTML
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110928297385
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110928297385
https://doi.org/10.1016/J.NRL.2021.01.018
https://doi.org/10.1111/ijcs.12747
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110929487633
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110929487633
https://doi.org/10.3109/13668250.2021.1964153
https://doi.org/10.3109/13668250.2021.1964153
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930114663
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930114663
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930114663
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930234742
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930234742
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110930234742
https://doi.org/10.3390/ijerph17186658
https://doi.org/10.3390/ijerph18168390
https://doi.org/10.3390/ijerph18168390
https://doi.org/10.3390/healthcare9060634
https://doi.org/10.2196/22624
https://doi.org/10.1016/j.pec.2019.04.018
https://doi.org/10.1016/j.ijhm.2021.102978
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931268991
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931268991
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931268991
https://doi.org/10.1002/cb.1998
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931464431
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931464431
https://doi.org/10.1002/mar.21327
https://doi.org/10.1002/mar.21327
https://doi.org/10.1016/j.cities.2021.103233
https://doi.org/10.1080/10376178.2017.1364972
https://doi.org/10.1016/S0148-2963(99)00087-9
https://doi.org/10.1016/S0148-2963(99)00087-9
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931482871
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931482871
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931515631
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931515631
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110931515631
https://doi.org/10.1108/MD-02-2021-0268
https://doi.org/10.1108/MD-02-2021-0268
https://doi.org/10.1111/joca.12423
https://doi.org/10.1111/joca.12423
https://doi.org/10.1108/JSM-08-2017-0294
https://doi.org/10.3390/ijerph19084615
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110932106010
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110932106010
https://doi.org/10.1016/j.jretconser.2021.102881
https://doi.org/10.1016/j.jretconser.2021.102881
https://doi.org/10.1016/j.tele.2017.01.004
https://doi.org/10.1080/10400435.2018.1467514
https://doi.org/10.1080/10400435.2018.1467514
https://doi.org/10.1111/faam.12237
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958137321
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958137321
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958137321
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110939470451
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110939470451
https://doi.org/10.1002/mar.21442
https://doi.org/10.1016/j.techsoc.2019.101212
https://doi.org/10.1016/j.ijinfomgt.2017.12.001
https://doi.org/10.1016/j.ijinfomgt.2017.12.001
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933187169
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933187169
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933187169
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933187169
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933341779
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110933341779
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110934038908
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110934038908
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110934038908
https://doi.org/10.1509/jmkr.39.1.61.18935
https://doi.org/10.1509/jmkr.39.1.61.18935
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110954238946
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110954238946
https://doi.org/10.1016/j.pcad.2022.04.011
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958320161
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958320161
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110958320161
https://doi.org/10.1016/J.JRETCONSER.2020.102224
https://doi.org/10.1016/J.JRETCONSER.2020.102224
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110959006940
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110959006940
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110959070600
http://refhub.elsevier.com/S0040-1625(23)00105-1/rf202302110959070600


Technological Forecasting & Social Change 190 (2023) 122420

19

Luo, P., Wang, C., Guo, F., Luo, L., 2021. Factors affecting individual online rumor 
sharing behavior in the COVID-19 pandemic. Comput. Hum. Behav. 125, 106968 
https://doi.org/10.1016/j.chb.2021.106968. 

Maier, D., Waldherr, A., Miltner, P., Wiedemann, G., Niekler, A., Keinert, A., Pfetsch, B., 
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