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comparative opinion mining media study
University of Oulu Graduate School; University of Oulu, Faculty of Humanities, Science
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Acta Univ. Oul. B 184, 2021
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Digital humanities is a strongly emerging research field including various algorithm and big-data
based methods, suitable for various research topics. In this dissertation, an opinion mining
approach was taken to discover the global media sentiment toward renewable and nuclear power,
in order to test and compare the algorithm based approach utilizing a large dataset to traditional
ones. This thesis analyzes the media sentiment toward different near-zero emission power
production technologies in order to describe differences in different technologies. The method
used is opinion mining: big-data-based machine learning enhanced media analysis made by using
M-Adaptive tool for media monitoring. As a summary, sentiment towards different global power
production forms has been identified in this study, complemented by more qualitative human
analysis in the case of nuclear power. The differences are highlighted and also compared against
literature from communication, digitalization, social media influence and opinion mining, an area
belonging to the multidisciplinary field of computational linguistics.

A principal finding is, that an opinion mining approach can be used to reveal the global media
sentiment of different energy technologies, both in editorial publications and social media. The
media sentiment in social media provides a more unfiltered point of comparison to support that of
edited media, and represents one possibility to discover opposition groups communicating via
SoMe. Editorial media analysis can provide information from content created mostly in editorial
style, with news frames. The media analysis reveals solar and wind power being the best-known
technologies with positive media sentiment. Biomass power appears less known, yet with an
inclination towards positive sentiment. Hydropower is distinctly present in editorial media with a
bit lower inclination towards positive sentiment, and nuclear has clearly negative global SoMe
sentiment with differences on the local level, especially in editorial sentiment. This indicates a
possible presence of favourable attitude from Finnish press and corporate/PR -communication
activities, further studied via qualitative manual rhetoric analysis. Ultimately, a hybrid research
approach for studying this type of topics is presented.

Keywords: digital humanities, opinion mining, rhetoric analysis, technology sentiment





Nuortimo, Kalle, Hybridi-tutkimusote digihumanistisessa tutkimuksessa. Globaali
komparatiivinen mediatutkimus mielipidelouhinnalla
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Humanistinen tiedekunta, Tiedeviestintä
Acta Univ. Oul. B 184, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Digihumanismi on voimakkaasti yleistyvä humanistisen tutkimuksen ala, jossa hyödynnetään
digitaalisia menetelmiä, kuten algoritmejä ja tiedonlouhintaa suuresta massasta (ns. big-data).
Tässä väitöskirjassa analysoidaan mielipidelouhinnalla maailmanlaajuinen uusiutuvien energia-
tuotantomuotojen mediasentimentti, verrataan sitä ydinvoimaan ja menetelmää perinteisiin sisäl-
lönanalyysimenetelmiin. Tutkimuksessa hyödynnetään M-Adaptive ohjelmistoa. Tuloksena on
saatu globaali mediahuomiojakauma vuoden ajalta eri sähkön tuotantomuodoille, jota on täyden-
netty ihmisten tekemällä analyysillä ydinvoiman tapauksessa. Selkeät erot eri tuotantomuotojen
mediahuomion määrässä ja sentimentissä täsmäävät sekä toisiinsa että viestinnän kirjallisuuteen.

Yksi päätutkimustuloksista on, että mielipidelouhintaa voidaan käyttää mittaamaan eri ener-
giatuotantomuotojen globaalia mediahuomiota ja sentimenttiä sekä toimitetussa sisällössä, että
sosiaalisessa mediassa. Sosiaalinen media on sisällöltään suodattamattomampaa kuin toimitettu
sisältö, ja voi sisältää enemmän mm. aktivistiryhmien kommentointia. Toimitettu sisältö on teh-
ty ns. journalistisella rakenteella, jonka pitäisi olla sentimenttineutraalimpaa kuin sosiaalinen
media, ja tämä näkyy selvästi myös tutkimuksen aineistoissa.

Media-analyysin perusteella aurinko- ja tuulivoima ovat tunnetuimpia uusiutuvia energiatuo-
tantotekniikoita, joilla on myös positiivinen sentimentti. Uusiutuva energiatuotanto biomassasta
on vähemmän tunnettu, mutta sentimentti on positiivinen. Vesivoima on ollut paljon esillä toimi-
tetussa sisällössä ja sosiaalisessa mediassa positiivisella sentimentillä. Vaikka ydinvoiman senti-
mentti on selkeästi negatiivinen sosiaalisessa mediassa, paikallistason projekteissa on selkeitä
eroja etenkin toimitetussa sisällössä. Yksi mahdollinen selitys tälle ovat paikalliset tiedotustoi-
met, lehdistön myönteinen suhtautuminen sekä yritysviestintä, jota tutkitaan retoriikka-analyy-
sissä yhdestä esitteestä. Tämä täydentää väitöskirjan hybridi-tutkimusotteen.

Asiasanat: digihumanismi, hybridi-tutkimusote, mielipidelouhinta, retoriikka-analyysi
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Abbreviations and Definitions 

AI Artificial intelligence 

Big Data Information asset characterized by such a High Volume, Velocity 

and Variety to require specific Technology and Analytical Methods 

for its transformation into Value (DeMauro et al. (2016)) 

CLIR Cross language information retrieval 

CO2  Carbon dioxide 

COP  Conference of the Parties 

COP21  Conference of the Parties, 21st conference. 

DH Digital humanities 

IPR Immaterial property right 

MI  Market intelligence 

NGO Non governmental organization 

NIMBY  Not in my backyard 

NLP  Natural language processing 

OMSA Opinion mining and sentiment analysis 

RES Renewable energy sources 

SACI  Sentiment analysis by collective inspection 

SMI Social media influencer 

SoMe Social media 
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1 Introduction 

1.1 Background and Research Environment 

The communication field is constantly developing, mainly due to digitalization’s 

influencing a drastic increase in ways to communicate globally; the rise of social 

media in influencing communication channels has also affected the possible ways 

of conducting communication research (Fuchs, 2014). The global social media 

influence is not so easily tackled by traditional qualitative research methods.  

In the time, when traditional content analysis methods were mainly developed 

(Budd et al., 1967), the media channels available included mainly printed media, 

radio and television. Even now, from the Helsingin Sanomat and Aamulehti, 

performing manual analysis by socio-political scientists from their tone towards 

different subjects is a standard research method (Kojo et al., 2020). However, from 

that ages, the quantity of communication has increased vastly, increasing stress also 

for content analysis, if it is performed manually by human researcher mainly from 

editorial media. But at the same time, this sea of information, both from editorial 

and SoMe, is now available, and can be tackled with algorithms to extract 

information. 

Fig. 1. Research area. 

From Figure 1 it is evident, that the way in which research is done is evolving, and 

digital technology is playing a significant part in that change, thus it is becoming 

more and more evident that research is increasingly being mediated through digital 

technology (Berry, 2012). The definition of the digital humanities (DH) is changing, 
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and specific definitions can quickly become outdated or limit future potential 

(Warwick et al., 2012)  

Of course, this development varies depending on disciplines and research 

agendas, with some more reliant on digital technology than others, but it is rare to 

find an academic today who has had no access to digital technology as part of their 

research activity. 

Library catalogues are now probably the minimum way in which an academic 

can access books and research articles without the use of a computer, but, with card 

indexes dying a slow and certain death (Baker 1996: 2001 in Berry, 2012), and 

there remains only a few paths for the non-digital scholar to undertake research in 

the modern university. This has had an invigorating effect on both scholarly 

research and pedagogy (Vandegrift & Varner, 2013).  

Email, Google searches and bibliographic databases are become increasingly 

crucial, as more of the world libraries are scanned and placed online, while, 

libraries are undergoing a revolution and information technology evolves to make 

a librarian’s wildest dreams seem eminently possible (Vandegrift & Varner, 2013). 

While some decry the loss of the skills and techniques of older research traditions, 

others have warmly embraced what has come to be called the digital humanities 

(Schreibman et al. 2008). In processing textual data, digital humanities has a long 

history of digital edition, computational linguistics and natural language processing. 

Massive datasets are challenging traditional, human-driven approaches to content 

analysis, whereas computational methods present enticing solutions to these 

problems but in many cases are insufficient on their own (Lewis et al., 2013). 

From a selected group of studied non-CO2 -emitting power production 

technology sentiment analysis, direct causality, or even correlation is not possible 

to establish between different variables; however, increased probability and 

direction can be seen to be gained, such as how the technologies are presented in 

global media, and what has been the general global sentiment. It is to be noted, that 

this type of analysis would have not been possible even a few years ago. Thus 

algorithm-based sentiment classification technology for large datasets plays a 

crucial role in this type of research method development, and the accuracy of 

software tools, especially for this method area is constantly increasing. Therefore, 

this thesis pertains to a highly active digital humanities research field that includes 

large dataset utilization via algorithm- and machine-learning based research 

method development for humanities studies. In this dissertation, the global media 

sentiments, defined by algorithms (positive, negative, neutral, mixed and unknown) 

of different near CO2-neutral power production technologies are discussed.  
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1.2 Objectives and Scope 

This research is spurred by new ways of using the latest technologies, such as Big-

Data-based media sentiment analysis aided by machine learning. This research 

setting narrows the scope of the thesis to studying opinion mining as a 

communications research method. 

The research problem of this dissertation is formulated: 

How does opinion mining apply as a digital humanities research method? 

Subject matter includes a global comparative media-sentiment study of 

renewable power and comparison with nuclear power with implications to 

corporate communications. 

The analysis of the global media sentiment toward near-zero CO2 emission power 

production technologies includes comparisons among solar power, wind power, 

biomass power, hydropower and nuclear power, a half-year before and after Paris 

COP21 negotiations and one year after for hydropower. These are analyzed via 

media analysis application based on Big Data-analytics through opinion mining 

with machine learning. 

Furthermore, media study is divided between analyses of editorial media and 

social media. Several methodologies could have been chosen to study this research 

problem in details, but if applying solely traditional media analysis, it would not 

have been possible to evaluate global sentiment based on approximately 250,000 

media hits, including SoMe, for different technologies with fast data analysis. The 

global media-analysis is complemented with detailed human analysis in the case of 

nuclear power. 

The main objectives and scope are formulated as research questions and 

presented as Table 1. 
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Table 1. Research questions. 

Article RQ# Research question Article title Publication 

- Main RQ How does opinion mining 

apply as a digital 

humanities research 

method? Subject matter 

is media studies of global 

renewable power media 

sentiments with nuclear 

power as comparison 

and corporate-level 

influence. 

- - 

    

I  RQ1 What is the global 

opinion mined media 

sentiment of solar 

power? 

Exploring the global 

media image of solar 

power. 

Renewable and Sustainable 

Energy Reviews.  

  

II RQ2 What is the global 

opinion mined media 

sentiment of wind 

power? 

 

Linking public 

acceptance of wind 

power to technology 

deployment.  

Interdisciplinary Environmental 

Review 

III RQ3 What is the global 

opinion mined media 

sentiment of biomass 

power? 

Exploring the social 

acceptance of 

biomass power 

Interdisciplinary Environmental 

Review.  

- RQ4 What is the global 

opinion mined media 

sentiment of hydro 

power? 

Published in this thesis Published in this thesis 

IV RQ5 How does renewable 

energy sentiment 

compare to nuclear 

power sentiment?  

Exploring new ways to 

utilise market 

intelligence (MI) 

function in corporate 

decisions: Case 

opinion mining of 

nuclear power.  

Journal of Intelligence Studies 

in Business 
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Article RQ# Research question Article title Publication 

 RQ6 What are the strategies 

used by companies to 

counteract negative 

product sentiment in 

corporate 

communications, case 

nuclear power? How 

does human performed 

analysis complement 

hybrid research 

approach? 

Published in this thesis Published in this thesis 

Each research question aims to provide a partial contribution to the research 

problem, while supporting building the answer to the main research question. All 

the research questions are tightly related. To comprise this dissertation, each article 

aims to fill its specific research gap. The relevancy of these questions is the 

comparison to each other, where the end results are compared to each other, 

literature and opinion mining is compared against traditional communication 

research methodology. The level of comparability reached is not any means 100%, 

thus remining indicative. 

Article I’s objective is to describe the one-year media sentiment of solar power 

before and after the Paris COP21 meeting, thus being a point of comparison to other 

technologies, and to view from literature for method validation. Article II aims to 

describe the one-year media sentiment of wind power before and after the Paris 

COP21 meeting, thus being a point of comparison to other technologies, and to 

view from literature for method validation, this paper also presents the result 

comparison statistics. Article III tries to describe the one-year media sentiment of 

biomass power before and after the Paris COP21 meeting, thus being a point of 

comparison to other technologies, and to view from literature for method validation.  

Data for RQ4 aim describe one-year media sentiment of hydropower one year 

after all other datasets, thus being a point of less relevant comparison to other 

technologies. Article IV for RQ5 tries to describe one-year media sentiment of 

nuclear power before and after the Paris COP21 meeting, bringing analysis to the 

country and project levels to discover differences. Manual analysis made to support 

RQ6 tries to complement the nuclear power hybrid approach chain, bringing human 

made content analysis to the single company PR-communications info brochure 

analysis level.   
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The role of publications in the dissertation logic is described as Figure 2. 

 

Fig. 2. Research questions in the dissertation logic. 

Since there are numerous possibilities to apply opinion mining for different 

topics/research areas, it is essential to define the scoped in and scoped out research 

areas (table 2).  

The research scope is defined as Table 2. 

Table 2. Research scope. 

Research area Scoped in Scoped out 

Communication research methods, focused on most relevant X  

Corporate communications on digital era, focused on change X  

Social media studies X  

Brand image visibility studies  X 

Algorithms as a digital humanities research method, main focus communication 

research 

X  

Detailed ethical discussion of digital humanism  X 

IT and software comparison and development  X 

Techno-economic issues related to power/energy technologies/design details  X 

Sociological view on public acceptance  X 

Psychology  X 

Causality related to results  X 

All aspects related to NIMBY-syndrome  X 
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Research area Scoped in Scoped out 

All aspects related to marketing/brand image  X 

All aspects related to climate change theories  X 

Public acceptance indications from opinion mining of technology is discussed 

separately in PhD thesis (Nuortimo, 2020). Company strategy and brand related 

discussions also scoped out from this thesis.  

1.3 Research Process, Structure and Method 

When defining the research approach for this dissertation, it was decided to follow 

similar approach than in PhD thesis (Nuortimo, 2020), resulting to some possible 

similar method descriptions and partly referencing for this dissertation, although 

tried to be avoided. As a start, it is useful to look to epistemology, which deals with 

the level of knowledge from the social world—the essential question being if social 

studies can apply similar research process than in natural sciences (Bryman & Bell, 

2003). At the opposite end to epistemology is positivism, which implies that only 

phenomena and knowledge that can be assured through the senses can be called 

knowledge (Saunders, 2007). Interpretivism is a view from social science of people 

and their institutions that is fundamentally different compared to the natural 

sciences (Saunders, 2007). This study positions itself epistemologically a hint 

closer to positivism, while measuring media sentiment, a human emotion, via an 

algorithm-based method, which is basically advanced mathematics. Results, 

however, are indicative with increased probability and no direct positivistic 

correlations. When the results are analyzed to form the hybrid approach used in this 

thesis, they would fall more in the area of interpretisvm. 

Ontology includes aspects such as whether the social world is considered 

external to the social actors, with objectivism and subjectivism at opposite ends 

(Bryman & Bell, 2003). Objectivism relates to the idea that social phenomena 

confront social actors as external facts which are beyond our influence. 

Subjectivism, on the other hand, suggests social actors being external realities 

(Bryman & Bell, 2003; Saunders, 2007). So it would seem that this dissertation’s 

ontological positioning would fall a bit closer to subjectivism, mixed with 

pragmatism, where the researcher has chosen viewpoints from both approaches and 

estimated the applicability of the approach for studying the research questions 

(Saunders, 2007). This is especially visible in the diversity of used methods, 
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including opinion mining, comparative analysis and rhetoric analysis, while the 

timeline of used methods ranges from Aristotle’s Rhetoric to 2020 algorithms. 

The research is mostly qualitative with quantitative elements, thus bringing the 

Big Data analytics methods to aid in analysis. The approach is deductive; thus the 

studied literature examined how social media functions and what the current 

communication research methods are; then four cases of renewable power were 

studied with a new method: large dataset opinion mining enhanced with machine 

learning. These results were compared to the literature base, thus bringing inductive 

elements from the new method application to complement the research literature of 

the field. Furthermore, as a totally different comparison point from near-CO2-

neutral technologies, nuclear power was included as a chain starting from global 

media analysis and ending with rhetoric analysis from a single corporate 

communication brochure analyzed as a guided assignment by 20 students. 

In the first phase of this study, the research problem was scoped by examining 

existing communication research methods capable of large global dataset analysis. 

While the methodologies in general were applicable mostly to smaller datasets and 

based mainly on resource-intensive human labor, the next step was searching 

relevant methods for utilizing larger dataset media analysis, capable of global 

media hit sentiment classification, including influential social media, thus forming 

the possible solution to the problem.  

In this way, a framework was created, with early assumptions based on existing 

literature from both visibility and acceptability of energy technologies setting the 

boundaries for analysis. Then, the analysis was made by using opinion 

mining/sentiment analysis, a fairly new research method for global media analysis. 

The research setting generally is descriptive in nature. The study was based on 

commercial software as the dramatic increase in the number of online sources—

including discussion forums, blogs, tweets and many other forms—has resulted in 

a need to develop computational tools to analyze people’s perception and attitudes 

towards energy choices(Abdar et al., 2020).  

The main research method in this thesis utilizes Big-Data-based sentiment 

analysis aided by machine learning, via M-Adaptive software. The reason for 

selecting the current software was that although due to intellectual property issues, 

none of the search algorithms for commercial software are publicly available, the 

current software had previously been tested on several occasions and gained an 

adequate level of results validity. This includes the author’s master’s thesis 

(Nuortimo, 2015), dissertation (Nuortimo, 2020) and also detailed human 

validation (Nuortimo et al., 2020b) manually, by classifying approximately 300 



25 

points from approximately 3,000 and compared against traditional analysis. 

Therefore it was found to be applicable for this type of research with tested 74% 

accuracy, seen as adequate for a comparative study, and with certain limitations, 

mainly that sentiment classification fails in certain cases. Selecting the sources 

from a global feed including millions of sources, and then reading over 250,000 

posts, articles or tweets, would take a very long time or large resources, which are 

not usually available in the humanities research environment, and by the time the 

results for trend analysis came in, the trend could already have changed. 

Questionnaires and interviews would have the same challenge, thus they were left 

out of this study, although they were considered to be web-based in the research 

setting definition phase. However, due to the fact that algorithms are not capable of 

taking advantage of latent information, a human-based analysis by 20 students was 

also done on a nuclear project company´s brochure to discover different persuasive 

rhetoric. This work also complements the suggested hybrid research approach 

selected for this thesis. 

The used research method relies on commercial software, capable of utilizing 

a large dataset both from SoMe sources and also content from payable editorial 

media. The software includes different lexicons for several languages, from which 

the algorithm defines first local sentiments of a document and then compares those 

to the search terms, following the step in which the result is presented for the whole 

document, whether it is negative, positive, mixed, neutral or unknown. In next step, 

these sentiments were grouped in Excel, and the general total sentiment from each 

power production technology can be observed (Figure 3). Editorial and SoMe are 

grouped separately to highlight the differences, thus SoMe mining is more 

unfiltered than editorial analysis, where the editorial content is mostly created by 

using editorial style. The machine learning is supervised by M-Brain staff to 

increase the sentiment accuracy from approximately 70% to closer to 80% (74% 

based on testing), so the approach for the software is also hybrid, combining a 

lexicon-based approach and a machine learning approach. 
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Fig. 3. Opinion mining as research method. 

Plenty of open access software exists, as do other commercial software tools, that 

provide methods for Big Data sentiment classification and clustering, such as 

Hadoop, MongoDB, Talend Open Studio, FICO Bigdata, Skytree Server, Pentaho, 

Cambridge Semantics, Alteryx, CISCO Bigdata, Cloudera Enterprise Bigdata, Intel 

Bigdata, Vmware Bigdata, IBM Big Data analytics, Teradata Bigdata, Tableau 

Desktop and server, Dell Bigdata, Oracle Bigdata, Talend, Viscovery SOMiner, 

HPCC Systems Bigdata, Pivotal Bigdata, Amazon Web Service, Microsoft Bigdata, 

HP Bigdata, Splunk, COGSA, Semantria, Daniel Soper Sentiment Analyzer, 

MarkLogic, SAP inMemory, Meltwater, Google Alerts, Werfamous sentiment 

analyzer, Sentiment140, Twitrratr, SAS Sentiment Analysis Tool, Trackur, 

Hootsuite, OpenText Sentiment Analysis, UberVu, Statsoft sentiment analysis, 

Twendz, Social Mention, HappyGrumpy, SentimentViz, TweetFeel, Streamcrab, 

Clarabridge Dictionary Sentiment Analysis, Opinion Crawl, Emotions, Twazzup, 

TheySay, LIWC, SentiStrengh, SentiWordNet, SenticNet, Happiness Index, 

NetOwl Extractor, NICTA, TweetDeck, CloudCherry, SSIX, SumAll, The research 

bazaar, DiRT and TweetReach (Kumar et al., 2017).  
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The main methods for sentiment classification and clustering techniques used 

by this type of software include the machine learning-based approach, the lexicon-

based approach, and the hybrid approach (Kumar et al., 2017) utilized in this thesis. 

These in turn include techniques like the Symmetric Matrix-based predictive 

classifier, comparative experiments using supervised learning, classifier ensembles, 

ranked word graph for sentiment polarity classification, sentiment classification via 

social context regularization, context-based sentiment analysis, semi-supervised 

subjective feature weighting and intelligent modeling, cross-lingual sentiment 

classification, similarity discovery, supervised study weighting scheme, SVM with 

the linear kernel as the classification model, unsupervised dependency parsing-

based text classification method, SACI (sentiment analysis by collective 

inspection), and a lexicon-based unsupervised method (Kumar et al., 2017). In this 

thesis, it was decided to narrow the scope mainly to utilization of a well-known 

supplier’s software and not to get too far into the details of the software itself, but 

rather describe the main basis of its operation logic and general level of accuracy, 

and validate the results based on input-output examination. The basis for selecting 

commercial software is described as Figure 4. 

 

Fig. 4. Software selection basis  

The selected language for global analysis was lingua franca, English, for global 

energy technology sentiment analysis. The software has lexicons for different 

languages but does not automatically translate search terms. So if a search is made 

by using company or project name, which is the same in different languages, then 

the searched data is global and different lexicons are used. Otherwise the search is 
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limited to English, which limits, for example, local SoMe sentiment. So global 

sentiment is more accurate, due to the large dataset and lingua franca. 

Selected search words are: nuclear power, biomass power plant, hydropower, 

solar power and wind power. The number of countries included in analysis are 

presented as Table 3. Due to the huge variety of sources (millions), both payable 

editorial content as well as several chatrooms, etc., it is not possible to list them all 

as a table. 

Table 3. Number of countries in analysis. 

Wind Hydro Nuclear Solar Biomass 

119 131 91 73  83 

The analyzed sources cover 236 regions, 71 languages in 3 million social media 

platforms and 100,000 news outlets (M-Brain). The sentiment analysis basis is a 

combination of  human-aided machine learning and linguistic knowledge, which 

means that the software makes classification suggestions, and humans then provide 

feedback on their correctness. Via this procedure the systems content classification 

into sentiment categories is improved (M-Brain, 2015). The method can be 

considered a more quantitative type of analysis compared to traditional methods 

such as surveys. The keywords of different technologies were inputted to M-

Adaptive media-monitoring software. The analysis was carried during the one-year 

period July 2, 2015-July 3, 2016 to include a half-year’s time both before and after 

the Paris COP21 convention (to establish both a base level of media attention and 

then the change in total volume during the negotiation. The hydropower data was 

gathered one year later, from June 5, 2016-July 9, 2017 with some limitations to 

comparability. 

In practice, the sentiment-coding expressions are first recognized among the 

analyzed texts and automatically classified for type— quantifying expressions or, 

positive terms. The amount and type of sentiments focused on the topic under 

analysis is then assessed, linking to the documents matching the topic. After that,  

the overall compound judgment is displayed with five options: negative, positive, 

neutral, mixed and unknown.  

When classifying sentiments, it is to be noted, that a global document sentiment 

can be more unreliable than the local sentiment (Nasukawa & Yi, 2003), and also 

human evaluators often fail to agree on that (Godbole et al., 2007), and the human 

evaluation can give preference over opinions in line with persons preferences, thus 

being biased (Liu et al., 2012).  
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At the moment, research focusing on sentiment analysis is seen to move 

towards social Big Data analysis, including technologies such as time-efficient 

parsing (Zhang et al., 2020).  

The reliability of machine-based approaches has been fairly moderate, in this 

dissertation, 80% of the sentiments are estimated to be correct on average (74% 

based on testing) for a given document (M-Brain, 2015), although inherent 

ambiguity in natural language can cause errors. Also, humor, sarcasm and irony are 

not recognized by the system, but as a comparison, humans are not 100% agreeing 

as well. When the number of analyzed documents increase, the machine-based 

analysis starts to qualitatively match human estimates. In the next step, this solution 

was tested by completing five different global analyses from near-CO2-neutral 

power production technologies. After that, the achieved results were compared to 

each other and to existing literature for result validation. If the algorithms reached 

the same overall results as had been done in more detailed sociological studies, it 

would partly validate the used approach. The resulting comparison is made as 

follows:  

1. Opinion mining results are compared against each other. 

2. Opinion mining results are compared against literature.  

3. Opinion mining as a method is compared against traditional methods.  

4. Traditional method results are compared against opinion mining results but in 

the end used to complement the hybrid research approach. 

In the last step, the limitations and error margins of opinion mining were integrated 

as part of a new methodology set for digital humanities studies, benefiting research 

mainly in scoping and formulating the big picture as a starting point for more 

detailed analysis. 

To fulfill the chain studying a hybrid approach (Lewis et al., 2013), in the case 

of nuclear power, a detailed rhetoric analysis from the Fennovoima company PR 

brochure was made with help of 20 students. This demonstrates the benefits and 

features of humans analyzing documents based on both latent content and their 

experience. 
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2 Theoretical foundation 

2.1 Background 

This literature review highlights the areas in the research setting depicted in Figure 

5, including a wide variety of literature. The scientific approach of this thesis 

consists of evaluation and application of a method to access more static global 

media sentiment, compared to for example social media firestorms. The results are 

then compared to results from literature, presented in this chapter. These field of 

studies are described as Figure 5. 

 

Fig. 5. Research fields with main focus areas 

While this dissertation belongs to the field of digital humanities, in which the 

automatic analysis of vast textual content has created the opportunity for analyzing 

millions of documents in multiple languages with limited human influence on 

results, it is mainly aimed for communication and digital humanities research 

method development. By utilizing Big-Data-based opinion mining methods with 

machine learning to analyze global media coverage, it is possible to make fast 

analysis of the global media sentiment/tone of a technology. By comparing results 

of this chapters literature study to analysis in Chapter 3, general summary can be 

made in the case of renewable and nuclear power production technologies, whether 

results seem to correlate with literature.  
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So next chapters describe the applicable literature base to support the research 

setting, digital humanities including algorithmic influence, changing corporate 

communication and communication research, computational linguistics and 

opinion mining as a background for research method description. Also public 

acceptance status of different technologies is presented. Due to versatile field of 

study, the literature which could be included is vast, so the literature presents a 

topical selection aiming to provide a general view and a comparison point. 

2.2 Versatile Field of Digital Humanities 

2.2.1 Digital humanities & algorithmic influence 

Digital humanities (DH) has emerged as a research field with an early focus on 

digital tools and archives in relation to these database collections of texts, artworks, 

scholarly works, dictionaries and lexicographic corpora. Digital humanities is a 

broad term that covers many kinds of scholarly work; however, despite differences, 

a common feature for all these applications is that the technology is allowing 

humanities work to be both more engaging and more accessible (Vandegrift & 

Varner, 2013). 

Digital humanists develop methods that are new to the humanities, such as 

computer statistical analysis, search and retrieval, or data visualization, and apply 

these techniques to archives and collections that are vastly larger than any 

conventional researcher or research group can handle comfortably (Berry, 2019). 

Digital humanities incorporates digital methodology, such as natural language 

processing and machine learning, to areas related to human society and culture, 

including research such as economic and industrial history, new research methods 

(such as text mining), semantic web, media studies, design, online learning, and 

cultural heritage (Aalto University, 2020). The term Big Data is often used to 

describe the enormous volume of information produced by and about human 

activity, made possible by the growing ubiquity of mobile devices, tracking tools, 

always-on sensors, and cheap computing storage (Lewis et al., 2013). DeMauro et 

al. (2016) define Big Data as “the Information asset characterized by such a High 

Volume, Velocity and Variety to require specific Technology and Analytical 

Methods for its transformation into Value.” The data quantity in this dissertation is 

such that it is on the borderline as to whether it can be considered Big Data. The 

term suggested here would be “large dataset global media analytics.” The quantity 
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to be processed is, anyhow, in millions, not billions or larger. Big Data in this 

context refers to applicable methods, which are similar also for larger datasets. So 

the term Big Data is used in this dissertation partly as a synonym when 

methodology is discussed. 

The Digital Humanities Stack (Berry et al., 2017) is a way to reconceptualize 

digital humanities, where the type of diagram is applied from computer science to 

show how technologies are “stacked” on top of each other with increasing levels of 

abstraction. One key questions is how we make the invisible become visible in the 

study of software; thus, computation involves making choices about what is to be 

captured (Berry & Fagerjord, 2017). The critique also concerns digital humanities 

tools; some scholars do not fully understand what happens to the data they input 

and place too much trust in the “black box” of software that cannot be sufficiently 

examined for errors (Dobson, 2015). This causes a need for results validation in 

algorithm-based digital humanities research and has also influenced the content of 

this dissertation. 

An algorithm can be defined as operating instruction, recipe or method; 

however, it is multidisciplinary in nature (Bucher, 2018; Rapaport, 2016). The 

study and research concerning algorithms should therefore be multidisciplinary as 

well (Danaher et al., 2017); algorithms are diverse and not dependent on the 

programming language used (Bucher, 2018). Algorithms are versatile and socio-

technical and cannot be separated from the context in which they are developed and 

used (Ananny, 2016; Bucher, 2018; Crawford, 2016). Generally, algorithm 

developers understand that complex math in algorithms is not magic as such, but it 

is difficult to follow the progress and detailed steps of the algorithms working 

behind SoMe platforms. A test made by Mikko Alasaarela (Yle, 2019), who tested 

algorithms by optimizing the content with keywords related to bullying in schools, 

gained tremendous media visibility and influence. The phenomenon concerned in 

this case is a filter bubble, which has been considered a risk for democracy and 

freedom of information on the internet and social media. This phenomenon can 

restrict users’ access to information sources outside their comfort zone and 

influence the polarization of opinions (McBride & Amrollahi, 2019). This test 

clearly proved that algorithms are working behind social media platforms, and 

messages can be optimized to take advantage of knowing how they work. The most 

important concerns about algorithms are therefore also mostly related to 

algorithmic decision-making and its varying effects (Sysky, 2019).  

Due to corporations protecting their algorithms, complexity can increase and 

visibility can decrease, leading to the black box dilemma. It is mostly related to 
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results verification in algorithm-based research, causing concerns about process or 

object with limited internal visibility, so that the operation of the object is unknown 

(Bucher, 2018). There are two alternatives to counteract this challenge: 1) open the 

box via studying the pseudocode or source code and programming of the box, 

requiring both access to the code and programming skills or 2) study inputs and 

outputs of the black box to find out the operating process (Bucher, 2018; Kitchin, 

2017).  

Solution to the black box issue in this dissertation was sought via the second 

approach—by formulating an adequate level of results validation via manually 

investigating inputs and resulting outputs of the used software by human 

researchers. Due to the similarity of used algorithms, this could be done also 

complementarily with different data series (see Nuortimo, 2015; Nuortimo, 2020; 

& Nuortimo et al., 2020b). The first alternative, opening the box, was not available 

due to IPR issues and lack of coding experience. 

2.2.2 The rise of Social Media 

In just one decade, the social media revolution has affected the life of many people 

and thus attracted much attention, not only from industry, but also from academia 

(Ngai et al., 2015). Web 2.0 and social media terms are used to describe 

applications such as blogs, microblogs like Twitter, social networking sites, or 

video/image/file-sharing platforms (Fuchs, 2014). Social media’s importance is 

increasing, while network sites are essential to also how people experience news 

(Bergström et al., 2018). Social media comprises many new interactive services, 

where users share and communicate information (Helasvuo et al., 2014). Because 

of social media, journalism has expanded from elite privilege to public right 

(Heinonen & Domingo, 2009). In addition to producing their own content, people 

use social media to add information and social media can today be considered the 

primary media for this (Westerman et al., 2013). For communication researchers, 

the dramatic growth of social network sites has provided an ocean of data that 

reflect new media activities: tweets, status updates, social recommendations, and 

more (Lewis et al., 2013). Climate change has been one of the most debated topics 

in the past few decades, and at the same time, social media platforms like YouTube, 

Instagram, Twitter, and Facebook have given the channel for the general public to 

share opinions and engage with the issue (Mavrodieva et al., 2019).  

Research into the impact of social media on public opinion indicates that it is 

more powerful than was assumed in the past (Hunter et al., 2008). A key 



35 

characterization of social media is that interest groups that want something specific 

to happen drive the issues. In the past, pressure groups were forced to depend on 

attention from conventional media; now they communicate directly with increased 

impact, when the messages enter traditional media, which still are considered 

influential (van Riel, 2013). The increasing amount of information flowing through 

social media forces the members of these networks to compete for attention and 

influence by relying on other people to spread their message, while a study on 

Twitter reveals that the majority of users act as passive information consumers and 

do not forward the content to the network, and in order for individuals to become 

influential, they must not only obtain attention and thus be popular but also 

overcome user passivity (Romero et al., 2011). Social media influencer (SMI) is a 

new type of independent third-party endorser who shapes audience attitudes 

through blogs, tweets, and the use of other social media (Freberg et al., 2011). 

Social media provides a interactive communication channel from groups, 

which were not able to access traditional media (van Riel, 2013), with more 

emotional content (Stieglitz and Lindh, 2013), which can be studied via digital 

discource analysis (Helasvuo et al., 2014). 

SoMe users can instantly create firestorms as a result to questionable 

statement, which can represent a challenge to crisis communications at the 

corporate level (Pfeffer et al., 2014, Nuortimo et al., 2020b). Large firestorm with 

breaking of moral codes can be defined as scandal (Thompson, 2000, Esser & 

Hartung, 2004), which editorial media can utilize in selling newspapers and 

increasing readers online (Dahlgren, Kivistö & Paasonen 2011). The editorial 

media firestorm headlines are either news headlines, follow-up headlines or 

reaction headlines, or a combination, with two issues:someones questionable action 

with the eruption of  SoMe firestorm (Nousiainen, 2017). In case of larger firestrom.  

Traditional journalism is in transition due to digitalization, and the idea that 

everyone is the journalist, has led to some groups claiming the end of the journalism, 

while others celebrate the idea (Jones & Salter, 2012). For example, are bloggers 

considered to be journalists, while they are not subject to same processes and 

pressures as traditional journalists, a subject depending on a blog case by case, 

while journalism is not associated with particular technology, although new 

technology toolkits, such as blogging, twittering, Facebooking, googling and the 

full range of technologies tend to be considered as threat to this practise (Jones & 

Salter, 2012). So when the media hits are divided to editorial and SoMe content in 

this dissertation, it is somewhat overlapping structure. This has been considered in 

limitations -section. 
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2.2.3 Linguistics and computational linguistics 

Linguistics investigates the way people use language in speech and writing, 

consisting areas such as lexicography, grammar, discourse, register variation, 

language acquisition and historical linguistics, while corpus based approach 

consists of large database analysis of real language examples stored on computer 

(Biber et al., 1998). Ever since the 1940s, the volume of corpus banks have risen 

steadily with increased multilingual nature (McEnery, 2012). Lexicography is 

concerned with the meaning and use of word, traditionally investigating the 

meaning of words and synonyms, which have recently been extended to corpus-

based techniques, which are central to descriptive and applied linguistics (Biber et 

al., 1998). Corpus data have emerged as the raw data/benchmark for several NLP 

applications, while it is described as a large body of linguistic evidence composed 

of attested language use (McEnery, 2012). 

The research area of recognizing attitudes automatically from text falls under 

computational linguistics. Computational linguistics deals with the rule-based 

modeling of natural language, it is an interdisciplinary field of applying 

computational approaches to linguistic questions. Computational linguistics 

presents a scientific and engineering discipline, which is concerned with written 

and spoken language from a computational perspective, and building artifacts that 

usefully process and produce language, either in bulk or in a dialogue setting 

(Stanford Encyclopedia of philosophy, 2014).  

The theoretical aim of computational linguistics is “the formulation of 

grammatical and semantic frameworks for characterizing languages in ways 

enabling computationally tractable implementations of syntactic and semantic 

analysis; the discovery of processing techniques and learning principles that exploit 

both the structural and distributional (statistical) properties of language; and the 

development of cognitively and neuroscientifically plausible computational models 

of how language processing and learning might occur in the brain” (Stanford 

Encyclopedia of philosophy, 2014). Text mining, or text data mining, equivalent to 

text analytics, intends to derive information from text with the devising of patterns 

and trends through means such as statistical pattern learning. One application of 

text mining is social media monitoring, in which sentiment analysis involves 

discerning subjective (as opposed to factual) material and extracting various forms 

of attitudinal information: sentiment, opinion, mood, and emotion. Text analytics 

techniques are helpful in analyzing, sentiment at the entity, concept, or topic level 

and in distinguishing opinion holder and opinion object (Full Circle Sentiment 
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Analysis, 2018). Text mining programs are available from both commercial 

companies and open source. 

2.2.4 Natural language processing 

Natural language processing (NLP) is a research area exploring how computers can 

be used to understand and manipulate natural language text or speech to do useful 

things (Chowdhury, 2003). NLP refers to the ability of a computer program to 

understand human language when it is spoken, thus being a component of artificial 

intelligence, or AI (Search Business Analytics, 2018). The natural language 

processing applications include machine translation, natural language text 

processing and summarization, user interfaces, multilingual and cross language 

information retrieval (CLIR), speech recognition, AI and expert systems 

(Reshamwala et al., 2013). Statistical approaches used for processing natural 

language text have become dominant in recent years (Manning & Schutze, 1999).  

The sheer volume of natural language text in the connected world, being 

difficult to disseminate by human, can be tackled via automated NLP effectively 

and with accuracy, like a human does it (for a limited of amount text)(Chowdhary, 

2020). Sentiment analysis and opinion mining as the fields of studies analyze 

people’s opinions, sentiments, evaluations, attitudes, and emotions from written 

language, and are one of the most active research areas in natural language 

processing and is also widely studied in data mining (Liu, 2012). 

2.2.5 Opinion mining/sentiment analysis 

Opinion mined sentiment is the concept used in this dissertation, an area of 

computational linguistics, where the sentiment is defined based on large dataset 

with automatic algorithms. Opinion mining can be seen to be highly active field 

consisting of 1)natural language processing, 2) computational linguistics and 3)text 

analysis technologies with a target to get informational elements from opinions of 

users (Penalver-Martinez et al., 2014). Defined as a simplification used in science 

communication, it is kind of thermometer, measuring how happy or angry the post 

is. You need to know where to measure, thus AI based systems are not able to put 

subjects into contexts, thus requiring human intelligence. The new transformed 

read-write Web has resulted in a rapid growth of user generated content on the Web 

resulting into a huge volume of unstructured data, which opinion mining and 

sentiment analysis (OMSA) as a research discipline has emerged during last 15 
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years to provide a methodology to computationally process the unstructured data 

mainly to extract opinions and identify their sentiments (Piryani et al., 2017).  

Sentiment analysis (also called mining) is one of the most important 

applications in the field of text mining. It computes people’s opinions, comments, 

posts, reviews, evaluations, and emotions which are expressed on products, sales, 

services, individuals, organizations, etc. (Kumar et al., 2017). Sentiment analysis 

systems are now widely applied in almost every business and social domain 

because opinions are central to almost all human activities and are key influencers 

of our behaviours, so our beliefs and perceptions of reality, and the choices we 

make, are largely conditioned on how others see and evaluate the world, 

furthermore, in need to make a decision we often seek out the opinions of others 

(Liu, 2012).  

Recent social media opinion mining studies have concentrated for example to 

aspect based opinion mining from product reviews (Asgar et al., 2019), multimedia 

sentiment analysis (Li et al., 2019), deep learning in short text analytics 

(Tsapatsoulis et al., 2019), Twitter text mining for tourism purposes (Ramanathan 

& Meyyappan 2019), role of semantics in social media (Dridi, & Recupero, 2019), 

Sarcasm detection (Katyayan & Joshi, 2019; Suhaimin et al., 2019), deep learning 

from sarcasm detection (Patro et al., 2019) and irony detection (Ortega-Bueno et 

al., 2019; Jia et al., 2019). 

Sentiment analysis in this dissertation covers social media aside the more 

traditional news media, while the quantity to be analysed can be increased and 

having challenges related to data mining, natural language processing, text mining, 

machine learning, sentiment analysis and social networks (Bello-Orgaz et al., 2016). 

Social networking, blogs, reviews, posts, comments, and tweets are mainly 

unstructured, rapidly growing and the most important source for sentiment analysis 

(Zhang et al., 2008). 

Sentiment analysis is a practical technique that allows businesses, researchers, 

governments, politicians, and organizations to know about people’s sentiments, 

which play an important role in decision-making processes. Sentiment 

classification techniques are mainly divided into lexicon-based methods, machine 

learning methods, and hybrid methods. There are limitations to each approach; 

although opinion mining and analysis methods based on machine learning or 

lexicon have been useful, the high training cost based on time or memory used, lack 

of enriched and complete lexicons, high dimensions of feature space and ambiguity 

in positive or negative detection of some sentences in these methods are examples 

of their downsides (Keyvanpour et al., 2020). 
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Despite these obstacles, public opinion is increasingly adopted to decision 

making (Liu et al., 2012), while analyzed from product reviews (Xu et al., 2020), 

financial markets (Nassirtoussi et al., 2014), marketing (Shetht & Kellstadt 2021) 

etc., with the possibility for gaining real-time information to target messages to 

media, and in corporate decision-making. 

Sentiment analysis is usually focused on different levels: document level, 

sentence level, and aspect level (Feldman, 2013). The document-level sentiment 

analyzes a piece of information, representing multiple opinions, however, not a 

single opinion view. Document-level sentiment analysis can hide insights and 

useful information, while it reduces a whole document into a single opinion. 

Sentence-level, on the other hand expresses overall opinions of each sentence, and 

aspect-level indicates the likes and dislikes of people. The importance of sentiment 

analysis is growing along with social media, due to reviews, forum discussions, 

blogs, micro-blogs, Twitter, and social networks being available for the first time 

in human history with a huge volume of opinion data recorded in digital form for 

analysis (Liu, 2012). 

Sentiment analysis as a terminology points out a classification problem due to 

the prediction of polarity words such as negative, positive, and neutral (Kumar et 

al., 2017). The accuracy, sarcasm, sparcity and data size, are seen to be the main 

uncertainty issues in sentiment mining classification and clustering. Whereas 

sentiment classification aims to mine the written documents (comments, posts, 

reviews, tweets, etc.) about products or services and classify the documents into 

positive or negative opinions (Ye et al., 2014), sentiment clustering aims to group 

the written documents (Kumar et al., 2017). 

2.2.6 Machine learning 

The machine learning approach can be applied to the opinion mining problem, thus 

determining positive or negative polarity is a binary classification problem (Kumar 

et al., 2017). Furthermore, the classification and clustering techniques are needed 

for providing meaningful information for polarity data. The data can be classified 

and clustered into positive, negative, and neutral polarities. Machine learning tasks 

can be classified in two categories, depending on whether there is a learning “signal” 

or “feedback” available to a learning system: unsupervised  and supervised learning.  

According to Brownlee (2016), the majority of machine learning is utilizing 

supervised learning, with input variables (x) and an output variable (Y) and an 

algorithm I used to learn the mapping function from the input to the output. Y = 
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f(X). The goal is to approximate the mapping function so well that when you have 

new input data (X), it is possible predict the output variables (Y) for that data, thus 

it is called supervised learning because the process of an algorithm learning from 

the training dataset can be thought of as a teacher supervising the learning process.  

In unsupervised learning, you have only input data (X) and no corresponding 

output variables, where the goal for unsupervised learning is to model the 

underlying structure or distribution in the data in order to learn more about the data. 

Thus the definition stems from the fact that because, unlike in supervised learning, 

there are no correct answers and there is no teacher, algorithms are left on their own 

to discover and present the interesting structure of the data (Brownlee, 2016). This 

dissertation utilizes supervised learning, which increases the sentiment 

classification accuracy from approximately 70% up to 80%. 

Traditional machine learning approaches are based on a complex features 

extraction process, and lexicon-based approaches suffer from scalability and are 

limited by unreliable sentiment lexicons that are commonly created manually by 

experts (Moussa et al., 2019). A new machine learning-based evaluation method 

for assessing the usability of the eLearning system has been proposed by Oztekin 

et al. (2013). 

2.3 Communication Literature and Research Methods 

The communication research field includes a very diverse field of theories and 

research methods, and in this chapter the most relevant methods for this field are 

described shortly. As a start, when discussing different basic concepts related to the 

research field, in communication research literature, image is defined in the 

Merriam-Webster Dictionary, 2020, as “a tangible or visible representation.” 

American marketing strategist Kotler defines image as: “the set of beliefs, ideas 

and impressions that a person holds of an object” (Barich & Kotler 1991). Nimmo 

& Savage’s (1976) definition of image is a “human construct imposed on an array 

of perceived attributes projected by an object, event, or person,” a definition which 

summarizes the view that an image is 1) a subjective, mental construct, 2) affecting 

how things are perceived, but also 3) influenced by projected messages. Karvonen 

describes the image as a partly external, visual and communicational and a partly 

internal, human mind or consciousness issue (Karvonen, 1999). It is to be noted 

that media images do not necessarily lead to higher (or lower) acceptance. 
Although scientists will continue to use traditional tools and typologies to answer 

questions about media use, they also need to be prepared to expand current 
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theoretical models, and researchers must be willing to explore interpersonal and 

qualitative aspects of mediated communication through a more holistic 

methodology (Ruggiero, 2000). 

Reputation can be generally defined as people’s statement (good or bad) 

concerning a person or subject. In the Concise Oxford Dictionary, reputation is 

defined as “what is generally said or believed about a person’s or thing’s character, 

state of being well reported of, credit, distinction, respectability, good report, the 

credit or discredit of doing or of being” (Concise Oxford Dictionary, 2018). Charles 

Fombrun (1998) has studied the concepts of corporate reputation, from which 

Smythe et al. (1992) conclude that “reputation is the sum of stories told about an 

organization.” The concept of context is fundamental in hermeneutics, social 

constructionism, semiotics, discourse analysis and rhetoric (Wolmari, 2009). 

Traditional communication research methods include conversation analysis 

(qualitative) and content analysis (quantitative). In the study of representations, 

rhetoric, framing and discourse analysis, are mostly applied. 

2.3.1 Conversation analysis 

Conversation and interaction analysis, which can be used as an example from 

traditional human-based research, is a qualitative method of analysis focusing on 

detailed exploration of the conversation and interaction between two or more 

people. Conversation and interaction analysis focuses on authentic real-life 

conversations. The method explores how the conversations are structured and what 

kinds of mechanisms, rules and negotiations are included in conversations (Koppa, 

2020b). 

In conversation and interaction analysis, strict transcription and literation 

practices must be applied, while conversation analysis produces a description of 

the various structures of interaction (Koppa, 2020b).  

2.3.2 Content analysis in the Big Data era  

Content analysis has traditionally been defined as a systematic technique for 

message content analysis, a tool for observing behavior of selected communicators, 

and manifest content of the communication (Berelson, 1952; Budd et al., 1967). 

Kimberly Neuendorf and Klaus Krippendorff are two of many contemporary 

scholars in the area of content analysis (Wilson, 2016), Content analysis can be 

defined as the systematic, objective, quantitative analysis of message 
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characteristics, including careful examination of human interactions (Neuendorf, 

2002). Past empirical studies have mostly analyzed the influence of manifest online 

content factors, while the influence of latent content factors, which are implied 

from the text and that result in the differential perceptions of receivers, have been 

ignored (Srivastava & Kalro, 2019). 

Content analyses generally proceed in the following way: 1) the research 

questions and/or hypotheses are formulated; 2) the sample is selected; 3) categories 

are defined for coding; 4) coders are trained, the content is coded, and reliability is 

assessed; and 5) the coded data are analyzed and interpreted (McMillan, 2000; Riffe 

et al., 2005). Most scholars agree that content analyses should be objective and 

systematic, so each step must follow explicitly defined rules and procedure; 

however, there is less agreement over the need for content analyses to be 

quantitative and to analyze only manifest content (Holsti, 1969).  

The traditional human content analysis method of sentiment classification is 

referred to as determining direction by Budd et al. (1967). It starts with the material 

familiarization process and defining scheme for classifying and counting direction 

(favorable/unfavorable/neutral), in which the main challenges are identified as 

completeness of the research and objectiveness, for which Gieber has defined some 

guidelines (Budd et al., 1967). This is similar to the classification discussed in this 

study as positive, negative, neutral and mixed, with the algorithm-based approach. 

The question of content analysis sample size has been brought up already by 

Budd et al. (1967), highlighting the issues of time and money use. So the question 

is, how can new algorithm-based methods be used to save time and money in 

content analysis of very large sample size compared to ones referred to by Budd et 

al. (1967), and what kind of benefits and limitations are inherent in this kind of 

approach? The goal of content analysis is the systematic examination of 

communicative material (originally from the mass media in particular), which does 

not have to consist exclusively of texts; musical, pictorial or other similar material 

may also be treated (Mayring, 2004). Rather than being a single method, current 

applications of content analysis show three distinct approaches: conventional, 

directed, or summative (Hsieh & Shannon, 2005). All three approaches are used to 

interpret meaning from the content of text data and, hence, adhere to the naturalistic 

paradigm. The major differences among the approaches are coding schemes, 

origins of codes, and threats to trustworthiness. In conventional content analysis, 

coding categories are derived directly from the text data. With a directed approach, 

analysis starts with a theory or relevant research findings as guidance for initial 

codes. A summative content analysis involves counting and comparisons, usually 
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of keywords or content, followed by the interpretation of the underlying context. 

Traditional content analysis has been used in social sciences and media studies for 

a long time (Neuendorf, 2002); however, the automation of content analysis has 

allowed a Big Data revolution in that field, with studies of social media and 

newspaper content that include millions of news items (Cristianini, 2011; Flaounas 

et al., 2011; Flaounas et al., 2012; Lampos et al., 2012; Lansdall-Welfare et al., 

2017).  

Most of the scholarly literature is in agreement that the web introduces a 

number of challenges to traditional conceptualizations of content analysis, and 

there is less consensus over whether classical approaches are adequate for studying 

online content (Lewis et al., 2013). Challenges applying content analysis to the web 

include obtaining a representative sample due to the large unstructured data of the 

web, defining the unit of analysis, and also ensuring that coders are presented with 

the same content for purposes of reliability (Lin, 2000; McMillan, 2000). 

2.3.3 Rhetoric analysis 

Aristotle introduced the concept of Rhetoric (1355b), and rhetoric links the context 

to the success of argumentation, thus the successful use of language and techniques 

of persuasion are context-dependent (Wolmari, 2009).The word rhetoric can be 

used to describe acts of persuasion, as well as analysis and worldview of the 

persuasive power of discourse (Leach, 2000). 

The function of rhetoric is not so much to persuade as to find out in each case 

the existing means of persuasion (Aristotle, Rhetoric, 1355b ). Studies have been 

made, for example, from persuasive rhetoric used by forest companies (Wolmari, 

2009) by investigating argumentative elements from customer magazine product 

articles, producing findings that there is common forest industry rhetoric with 

mostly technical and factual emphasis.  

This study is a bit similar to the rhetoric analysis made for Fennovoima 

brochure to complement the human part in the hybrid approach adopted in this 

dissertation. 

2.3.4 Discourse analysis 

Discourse analysis is a qualitative analysis method exploring the meanings 

produced by language use and communication, the contexts and processes of these 

meanings, and practices caused by these meanings (Koppa, 2020a). Discourse 
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analysis methodology involves a focus upon the sociocultural and political context 

in which text and talk occur and is concerned with a critical analysis of the use of 

language and the reproduction of dominant ideologies (belief systems) in discourse, 

defined here as a group of ideas or patterned way of thinking which can both be 

identified in textual and verbal communications and located in wider social 

structures (Lupton, 1992). Regardless of the orientation of the discourse analysis, 

conclusions of the research are always based on detailed analysis of the data, 

including texts, media texts, pictures, films, environments, practices or 

combinations of them (Koppa 2020a). 

Discourse analysis provides a linguistic approach to an understanding of the 

relationship between language and ideology, exploring the way in which theories 

of reality and relations of power are encoded in such aspects as the syntax, style 

and rhetorical devices used in texts (Lupton, 1992). A typical discourse analysis 

combines the analysis of language use at the micro level and the analysis of 

situations at the macro level (Koppa, 2020a). 

2.3.5 Media framing in the digital era 

News media plays an active role in framing public policy issues, and framing 

analysis is a constructivist approach to examining news discourse with the primary 

focus on conceptualizing news texts into empirically operationalizable 

dimensions—syntactical, script, thematic, and rhetorical structures—so that 

evidence of the news media’s framing of issues in news texts may be gathered (Pan 

& Kosicki, 1993). The framing analysis has been applied in political science, 

sociology and media studies (Harju, 2019; Vehkalahti, 2017), with expanding 

literature, however, not having settled on a core theory or basic set of propositions, 

nor has a widely accepted methodological approach emerged (Hertog & McLeod, 

2001). Given the diversity in definitions, theories and methods in framing research, 

it is essential that researchers outline their approaches to frames/framing study in 

detail (Hertog & McLeod, 2001). 

Stephen Reese, 2001, proposed a general definition of frames: “Frames are 

organizing principles that are socially shared and persistent over time and work 

symbolically to meaningfully structure the social world.” One of the most cited 

definitions of media framing was suggested by Entman (1993): “Framing 

essentially involves selection and salience. To frame is to select some aspects of a 

perceived reality and make them more salient in a communicating text, in such a 
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way as to promote a particular problem definition, causal interpretation, moral 

evaluation, and/or treatment recommendation for the item described.” 

Frames can be viewed as comprehensive structures of meaning made up of a 

number of concepts and the relations among those concepts. Although each frame 

provides principles for the organization of social reality, frames are more than just 

principles with their own content and rules for processing the new content (Hertog 

& McLeod, 2001). Recent media framing studies mostly involve the analysis of 

media in print or electronic format, using qualitative and quantitative content 

analysis techniques, while some studies will treat media frames as a dependent 

variable, analyzing a wide range of factors that influence the way journalists or 

other interest groups frame a topic (Provalis research, 2020). 

Much framing research focuses on ways that politicians, issue advocates and 

stakeholders use journalists to communicate their preferred meanings of issues 

(D’Angelo & Kuypers, 2010). Media framing usually manifests itself by the choice 

of keywords, key phrases and images that reinforce a particular representation of 

the reality and a specific emotion toward it, and the omission of other elements that 

could suggest a different perspective or trigger a different sentiment (Provalis 

research, 2020). 

Media framing is increasingly done via software such as WordStat and QDA 

Miner, diversity of studies including the type of questions they are attempting to 

answer and the methodology used to measure frames and related issues (Al-Rawi, 

2016; Arrese & Vara-Miguel, 2016; DeRosier et al., 2015; & Groshek & Al-Rawi, 

2013). Research concerned with the analysis of media frames over time was studied 

by Hellsten et al. (2010) while making an analytical distinction between implicit 

and explicit media frames and by introducing an automated method for the analysis 

of implicit frames. 

2.3.6 The changing role of corporate communications 

The aim of corporate communications is to project a consistent image of the 

organization (Cristensen et al., 2008). Recent environmental trends are forcing 

senior managers to give greater import to corporate identity and corporate 

communications, thus conventional methods of addressing identity problems are 

becoming progressively less effective because the traditional focus has viewed 

corporate identity and corporate communication as functional rather than as 

strategic (Balmer & Grey, 1999). A traditional mindset of top executives still 

remains; the focus is on primary stakeholders (customers, employees) instead of 
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secondary stakeholders (politicians, activists), while valuing mass media higher 

than social media and rating speaking as more important than listening (Zerfass et 

al., 2015). However, social media has also quickly changed the ways in which 

public relations is practiced, becoming an integral part of corporate 

communications for many companies and offering public relations practitioners 

new options for every aspect of the corporate communications process (Matthews, 

2010). 

In corporate communication, public opinion is the oldest concept, followed by 

image, brand (image), and reputation. Usually these definitions have been used as 

somewhat synonymous to each other; however, all are related to public 

perception—how the public sees the product or organization. Terms like corporate 

image or brand image are commonly used in marketing communication. In this 

case, when considering the outcome of opinion mined technology-related sentiment 

based on a large dataset including both structured and unstructured data, new 

terminology would be needed to define the result. One suggestion is “global 

opinion mined technology sentiment,” a sort of thermometer measuring the 

temperature towards the subject in question.  

However, the assessment of an individual organization is also impacted by 

other sets of beliefs, such as product evaluations, industry reputation and public 

opinion, which, in contrast to reputation, is not specifically focused on one 

organization, but on individuals and organizations that dominate a public opinion 

debate, such as media and leaders of advocacy groups. Public opinion and 

reputation research are strongly related, and reputation can be seen as a subset of 

public opinion (van Riel, 2013).  

Social media has revolutionized corporate communications, rapidly changing 

the way that public relations campaigns or programs are distributed and measured, 

and it has forced corporate communications to shift to a dialogue in which the 

stakeholders, not just the companies, have power over the message (Matthews, 

2010). In the field of PR communications, organizations are starting to see the 

benefits of stakeholder communication while developing and protecting their 

reputations (Cornelissen, 2014). 

2.3.7 Media influence & science communication 

The debate concerning mass media, and any media influence, has been ongoing 

since the beginning of the first mass media technologies being deployed, and it can 

be stated that behind the deployment of the mass media technologies lies the 
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assumption that it has an effect (Scheufele, 1999). Historically, the media influence 

has been divided into different periods; in the beginning of the 1900s, there was a 

view that mass media effects on politics are direct and instant (Miller & Krosnik 

2000). Concepts such as “magic bullet” can be used to describe this, thus the 

recipients of the media message were considered as mass, where they would 

immediately respond and react to impulses (Pietilä, 1997). This was followed by 

empirical testing, which indicated the lack of direct effect, and was followed by an 

assumption of a lower level of effects (Druckman, 2004). By the beginning of the 

1970s, theories incorporating macro level media effects, such as “spiral of silence” 

(Noelle-Neumann, 1973) and cultivation theory (Gerbner & Gross 1976), were 

introduced, thus indicating strong, long-term effects of mass media, sprung from a 

continuous flow of media messages bombarding the recipient and therefore 

building up the influence. One of the most-known theories concerning public 

opinion is Elisabet Noelle-Neuman’s spiral of silence (Noelle-Neumann, 1973), 

suggesting that the fear of isolation might lead to silent opinions instead of voicing 

opinions, and media is seen as a factor relating to both the dominant idea and 

people’s perception of it. This era also includes the introduction of reception theory 

(Eco, 1972). 

However, in the continuum of the different theories in the past, currently, due 

to modern web technology, media studies have been concentrated to, for example, 

micro level media effects theories (Valkenburg, Peter, & Walther, 2016), with five 

identified features: selectivity of media use, media properties as predictors, and 

those that indicate media effects being indirect, conditional and transactional. 

One important theory in PR-communications literature (McCorkindale & 

DiStaso, 2013) related to this research field, is the rule of effects,  chain from media 

exposure to change in one’s behavior, with ratio of 0,78%. This would support the 

need for extensive media exposure to gain any effect, thus emphasizing also the 

quantities in media communication, when different power production technologies 

are compared. 

When concerning technologies in their different development phases, science 

communication relates to issues where technical or scientific information needs to 

be communicated to stakeholders, such as laypeople, in different parts of product 

development. One definition of science is the systematic organization of 

information, or the aim to achieve it (Niiniluoto, 1989). The process of production 

and publishing scientific content is largely dependent on the context in which it is 

used (Hulkkonen, 2013). It has been observed that in connection to global 

environmental challenges such as climate change, the public and political 
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discussion and debate has more and more relied on science while the science itself 

has become more political (Weingart, 1982). It is to be noted that science, or 

scientific communication, is not persuasive in nature, so researchers should actively 

promote scientific information in political arenas (Keränen et al., 2008). Scientific 

rhetoric can also be used in politics, in which science is seen as discourse to bring 

out unknown challenges, then conceptualize and socialize them (Lyne, 1990). 

Hellsten (2002) has studied the role of metaphors as mechanisms of communication 

between the sciences and the mass media, while metaphors are considered as 

dynamic and flexible tools of communication between the systems of science and 

the mass media. The creation of dominant images, as well as the struggle over the 

dominant images, the politics of metaphor, takes place in this interdomain 

communication (Hellsten, 2002). 

The traditional model of science communication is fairly simple and idealistic: 

communication seen as a straightforward, one-directional, diffusion-like process, 

where information is transferred as such, being popularized, to a passive target 

group (Bucchi, 2008). In the diffusion model, science communication is used to fill 

gaps in recipients’ knowledge, thus any true interaction does not exist. The 

diffusion model is therefore considered to be inadequate for describing modern 

science communication, where the levels of communication are constantly shifting 

from scientific level to popular level and vice versa, being multidirectional.  

According to Cloître & Shinn, 1985, the science communication continuum 

has the following stages:  

1. Intraspecialistic stage: specialist articles in scientific publications  

2. Interspecialistic stage: multidisciplinary articles 

3. Pedagogical stage: ”school book science”; historic cumulative knowledge is 

emphasized, and the current view is presented as correct one.  

4. Popular stage: scientific articles in magazines, science documentaries  

In the diffusion model (Bucchi 1998), the information is transformed via different 

stages of communication. Details are narrowing down towards the end of the funnel, 

and the nuances of information are transformed. This is affected by the recipient’s 

attitude and motivation, media and influencers. The development in the twenty-first 

century in science communication has reflected the discourse of the ones funding 

the research. Instead of communication, the term dialogue is used (Bucchi, 2008). 

Science communication has evolved to be involving and multidirectional, where 

the goals of science are changing via interaction.  
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To develop and deploy environmentally friendly technologies needs support 

from policies and regulations, as well as political decision making and dialogue 

between science and politics—science communications. According to Budd (2007), 

the connection between science and politics is simplified: political actors have trust 

in scientific information when they enact laws for the common good. One part of 

the role of a politician is to ask critical questions to scientists, thus helping in 

simplifying and easing the decision making process (Budd, 2007). This is a very 

straightforward view, and the real situation is much more complex due to cultural 

differences between science and politics. Science has a lot to offer to politics, 

however, the requirements include understanding the differences in communication 

(Baron, 2010; Madsen, 2007). The differences between scientific and political 

argumentation include nature, foundations and practices (Dessler & Parson, 2006). 

The information that is produced scientifically can be further questioned in political 

decision making (Budd, 2007).  

Despite cultural differences, science has the potential to rationalize politics 

(Keränen et al., 2008). Within politics, accurate answers to uncertain questions 

from future events, like estimates and prognoses, are needed, and science can 

answer this challenge with probabilities. Politicians typically lack the readiness or 

will to tackle uncertainties. Despite the fact that decisions can be made also without 

scientific information, the potential to influence politics via science 

communications exists (Baron, 2010).  

Both scientists and politicians should understand each other (Madsen, 2007). 

The interface between science and communications can be described by using 

discourse process thinking, in which the interpretation of information depends on 

discourse, in which it is represented. Scientific information is, as its nature, 

conditional and uncertain, and in the political arena it needs to be simplified with 

more straightforward conclusions. Scrase and Ockwell (2010) have studied how 

the framing affects solving political problems in the case of energy-related political 

decision making. The previous energy politics-related studies indicate that, for 

example, in Finland the media is dependent on their sources in public 

administration and energy companies (Ruostetsaari, 1998; Teräväinen et al., 2011). 

Nuclear power especially includes uncertainties, such as risk of nuclear hazard, 

or storing of nuclear waste. As science communication is concerned, 

communication of uncertainties and probabilities is the greatest challenge 

(Hulkkonen, 2013). Budescu et al. (2009) have researched the understanding of 

2007 IPCC reports probability concepts, from which they draw recommendations 

for communications. For example, actual uncertainty should be separated from 
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multi-interpretationality, and uncertainty should be presented both verbally and 

numerically. 

The special feature in climate change-related science communication is that the 

discussion includes both positive (scientifically approved) and normative (value-

dependent) arguments. Therefore it is important to separate conclusions based on 

scientific facts and the value-laden content from each other (Hulkkonen, 2013). 

This is also one factor influencing the accuracy of sentiment classification, whereas 

latent content is more difficult to analyze. 

Via social media, so-called digital reputation and stories can have an effect on 

decision making. Aula (2011) has studied how digital reputation affects emotional 

experiences of social media actors, and via that, to decision making (Aula, 2011).  

2.3.8 Comparative research approach 

Comparative research enables identification and exploration of the similarities and 

differences between chosen phenomena while focusing on different cases which 

are comparable, and via using multi-method or mixed method analysis (Koppa 

2020c). Comparison is one powerful tool used in intellectual inquiry, due to the fact 

that an observation made repeatedly is given more credence than is a single 

observation, and is applied in fields such as sociology (Peterson, 2005). In social 

sciences and humanities, the term “comparative research” is widely employed to 

describe studies of societies, countries, cultures, systems, institutions, social 

structures and change over time and space, while using same research tools to 

systematically compare phenomena in different settings (Hantrais, 2008). 

In this dissertation, the comparison is made via different energy technologies 

globally, albeit with discovery of regional and company/project-specific 

differences. Also, the comparison supports the research method development 

perspective, while it is also compared against traditional research methods and 

literature. So the scope is not specifically a traditional sociological setting, where 

the same phenomena are studied in, for example, different countries and compared 

to each other. 

2.3.9 Hybrid research approach 

According to Lewis et al. (2013) and Mahr & Scharkow (2013) the best result for 

digital humanities studies is a combination of large scale data-analytics and human-

based research approach.  
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Massive communication datasets are challenging traditional, human-driven 

approaches to content analysis; computational methods present enticing solutions 

to these problems, but in many cases are insufficient on their own (Lewis et al., 

2013). Researchers need to consider whether the analysis of huge quantities of data 

is theoretically justified, given that it may be limited in validity and scope, and that 

small-scale analyses of communication content or user behavior can provide 

equally meaningful inferences when using proper sampling, measurement, and 

analytical procedures (Mahr & Scharkow, 2013). A combination of computational 

and manual techniques can preserve the strengths of traditional content analysis, 

with its systematic rigor and contextual sensitivity, while also maximizing the 

large-scale capacity of Big Data and the algorithmic accuracy of computational 

methods (Lewis et al., 2013). So blending computational and manual methods in 

different stages of the content analysis process may have fruitful results. For 

example, media frames were used by Bursher et al. (2015) in addition with 

sentiment classification and clustering. Sjøvaag & Staveling (2012) indicated that 

a fruitful way forward combines computer-assisted methods for the coding of 

manifest content, while acknowledging that “human labor is still considered 

superior for the coding of latent content.” 

2.4 Public Acceptance Status of Renewable Energy in Comparison 

to Nuclear Power, research methods 

To build a base for results comparison, literature studies are reviewed for the ways 

renewable energy and nuclear power in comparison are perceived by the general 

public. The detailed Fennovoima study is included as a comparison point for project 

results. 

While the energy demand increases and the negative environmental impact of 

fossil fuels increases the need to deploy renewable energy sources (RES) (Stigka 

et al., 2014), public acceptance is seen as an important issue influencing their 

implementation (Devine-Wright, 2007). However, local resistance for projects may 

exist, from which many authors use the term NIMBY “not in my backyard”  

without any clear definition, simply equating it with local opposition (Burningham 

et al., 2015). An essential factor is perception of risk, which can either increase 

linearly with hazard; but can also instigate non-correlative behaviour (McGuire, 

2015). Technology acceptance, with relevant psychological and social factors, can 

be a challenge for the successful implementation of emerging energy technologies 
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(Emmerich et al., 2020). There is general support for renewable energies (Zoellner 

et al., 2008).  

For public acceptance of wind power technology, the latest studies by Bauwens 

and Devine-Wright (2018) indicate that participating in community energy 

initiatives can be seen to influence more positive attitudes towards renewable 

energy than attitudes among those who are not participating; further, non-members 

seem to be more indifferent or more uncertain but not more objecting than 

community energy initiative members to wind power.  

Most of the public acceptance research has been concentrated on wind power 

based on land, however, lately also on offshore wind power projects (Devine -

Wright & Wiersma, 2020). As in onshore developments, the public should be 

included in decision making on offshore wind farms, thus having a key role which 

should not be underestimated (Hagget, 2011).  

Factors related to acceptance of wind power include: ownership, visual impact, 

information and participation (Jobert et al. 2007), indication that probability of 

support of wind power will decrease with age and income (Ek, 2005),  older 

generations are more negative than younger people, people living near wind 

turbines have more negative attitudes (Ladenburg, 2008), trust, distributional 

justice, procedural justice and place attachment are important (Hall et al., 2013), 

resistance towards new wind parks and acceptance towards existing ones (Kaldellis, 

2005), the primary reasons why consensus is not reached, are related to conflicting 

values, such as community (dis)empowerment and aesthetics (Warren et al., 2009), 

political commitment and positive public image (Sovacool et al., 2012) 

Dhar et al. (2020) indicate, that even solar and wind energy have low GHG 

emissions and land use, are abundant in nature, they are not completely free of 

adverse environmental consequences and incentive and knowledge can change 

their public perceptions. 

The highly positive imagery of solar power energy on general abstract level, 

can be decreased if concrete level drawbacks are addressed, having several 

important implications for policymakers (Sütterlin & Siegrist, 2017). 

Biomass power consists of different fuels used in biomass power plants, such 

as peat and wood chips, also including agro-wastes such as cow manure, which 

were used as a search term for the media analysis and include wide scale of power 

plants. The future of bioenergy depends also on the economic, social and political 

environment (Wegener et al., 2008), while it requires effort by various actors 

collectively (Upreti, 2004), and forest based bio-energy has slightly less positive 

attitudes than renewable energy in general (Qu et al., 2011). The literature indicates 
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positive attitudes towards biomass power, although also with some negative 

rhetoric and claims (Orasuo, 2018), also students were negative about utilization of 

bioenergy (Halder et al., 2011).  

Hydropower, which was used as a search term, consists of hydropower plants 

in constructed water systems, as pumped storage plants used for grid control, as 

well as new technologies, such as wave power.  

Hydropower is characterized by the large variety of positive and negative 

effects it can have on the ecosystem, thus a large-scale hydro project with a 

reservoir will convert some amount of terrestrial ecosystem to an aquatic ecosystem 

with some positive and negative effects on the downstream river and benthic 

ecosystems (Frey & Linke, 2002). 

For hydropower, there are numerous beneficial societal effects, such as flood 

control, water supply, low-cost energy and increased opportunities for recreation, 

with a generally positive effect on the atmospheric ecosystem; however, on the 

other hand, the list of environmental parameters that can be affected is substantial, 

so the length of this list has adversely affected the opinions of some decision makers 

(Frey & Linke, 2002). 

To weigh the positive effects of hydropower against the negative ones can be 

a lengthy and complex task (Frey & Linke, 2002). 

Although nuclear power and renewable power are considered the main existing 

technology options for near-zero emission power production, their main difference 

is sustainability and acceptability, as where renewable power is considered to be 

sustainable, nuclear is not, while the public acceptance of nuclear power is also 

rather low (Verbruggen., 2008). There are indications that that people’s acceptance 

of nuclear power may be influenced by the available alternatives, whereas the 

previous nuclear accidents have increased the public’s opposition towards nuclear 

power (Siegrist et al., 2013). When comparing people’s perception of nuclear 

power to climate change, thus showing that if people are presented with the benefit 

of nuclear power to mitigate climate change and are asked to choose between 

nuclear power stations or climate change, cautious preference for or “reluctant 

acceptance” of nuclear power stations and related waste may arise over the 

consequences of climate change (Pidgeon et al., 2008). However, the increase in 

adoption of renewable power systems can be considered a decreasing factor for this 

when providing alternatives. Also, there have been studies examining the 

willingness to take action against, or in favor of, nuclear power stations, with the 

logical implication that the perception of nuclear risks seems to reduce the public’s 

acceptance of or their preference for nuclear power (Tanaka, 2004). This has also 
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increased people’s willingness for opposition (de Groot and Steg, 2010), whereas 

more perceived benefits increased the acceptance of nuclear power (Tanaka, 2004). 

The Fukushima Daiichi nuclear power plant accident in Japan on March 11, 2011, 

has influenced the acceptance of nuclear power globally (Siegrist et al., 2013). Also, 

research about the Chernobyl accident in the 1980s indicates that such accidents 

may influence formation of more negative attitudes towards nuclear power (Eiser 

et al., 1990; Verplanken, 1989). The more recent Fukushima accident also had a 

clearly negative impact on the acceptance of nuclear power; however, the mean 

change was considered moderate, and was strongly influenced by participants’ pre-

Fukushima attitudes (Siegrist et al., 2013). In general, media reporting about 

nuclear accidents does not increase knowledge and understanding of radiation risks, 

but rather increases negative feelings and risk perception (Perko et al., 2012). 

According to Keller et al. (2012), particularly strong images seem to affect people’s 

acceptance of nuclear power. Therefore, people who earlier may have opposed the 

replacement of nuclear power plants with other forms of energy may change their 

opinion when associating nuclear power with images such as radioactivity, nuclear 

accidents, risks and negative consequences for health and the environment, or even 

nuclear war (Siegrist et al., 2013). There are studies showing that those people who 

trust authoritative institutions such as government are usually also more supportive 

for nuclear technologies, and it is also shown that renewable technologies may not 

be so much liked as nuclear technologies are disliked (Sovacool & Ratan, 2012). 

The concepts of risk and dread can be more often expressed reasonably by people 

who are opposing the replacement of nuclear power plants than by those who are 

in favor (Siegrist et al., 2013). Different content analysis methods can be 

considered to study technology image, such as media framing (Teräväinen et al., 

2011); however, these were not applied in this dissertation. Also, few studies 

compare people’s acceptance of nuclear power to their acceptance of other energy 

sources (Ansolabehere & Konisky, 2009), from where it seems that people who 

supported the replacement of nuclear power often associated nuclear power plants 

with neutral and positive concepts such as energy, and to a smaller extent, with 

necessity (Siegrist et al., 2013). Furthermore, in content creation, many discursive 

strategies can be considered when communicating nuclear power technologies, 

such as necessitation, naturalization, scientification and rationalization (Teräväinen 

et al., 2011). This chapter is reprinted with permission from Article IV © 2019 

Authors.  

In a dissertation by Vehkalahti (2017) news material from Fennovoima project 

was analyzed through content analysis, frame analysis and discourse analysis, with 
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results of the content analysis indicating that Fennovoima and other companies get  

a lot of publicity in the press, not only while speaking in nuclear-positive stories, 

but appearing also as neutral sources. Based on this research, anti-nuclear NGOs 

mainly get publicity in the local and regional newspapers—their views are rarely 

represented in the national newspaper—furthermore, three different frames were 

discovered in the frame analysis: political decision-making, technical management 

and economic activity. It can be seen that these frames have in common a quest 

for ”solving” the issue of climate change (Vehkalahti, 2017). Concerning Finnish 

and Swedish attitude towards nuclear waste repository licensing, according to Kojo 

et al., 2020 study of 102 Finnish and 41 Swedish newspaper articles, in Finland, 

the predominant tone of news items regarding the issue was more neutral and pro-

technology, while in Sweden the tone was much more critical. 

As traditional research methods for public acceptance studies, questionnaires 

and interviews are mostly used. An interview is a data collection method, in which 

researcher participates interactively in the production of the data (Koppa, 2020d). 

When the aim of the research is to produce knowledge of opinions, ideas, 

observations, attitudes, values and experiences of living people, it may reasonably 

to use interviews (unstructured or open interview, semi-structured interview and 

structured or form interview) to collect the data (Koppa, 2020d) 

A questionnaire is a data collection method, in which  a pattern of questions is 

presented to a selected group of people, while several factors in designing and 

conducting the questionnaire may influence the responses (Koppa, 2020e) The way 

the questionnaire is formulated influences whether or not quantitative methods of 

analysis or qualitative methods of analysis can be used (Koppa, 2020e). 

Table 4 summarizes the view from literature as a basis for media analysis. 
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Table 4.  Setting for opinion mining cases from literature. 

It is to be noted that the sentiment from literature towards renewable power is 

generally positive, thus presenting only minor challenges in corporate 

communication compared to nuclear power, the perception of which is clearly 

negative almost anywhere else but Finland. This leads to a research approach aimed 

at a more detailed nuclear power opinion mining study, resulting finally in a 

complementary hybrid approach with human analysis made from a single corporate 

brochure produced by PR-communications functions of a nuclear power company. 

2.5 Literature Synthesis 

Following the research area setting described as Figure 1, a large field of possible 

related studies is excluded from the scope of research, such as other fields of 

humanities, political studies, techno-economics, and social and environmental 

psychology. The focus is mining public sentiment of energy technologies and 

exploring the effects of social media with opinion mining, comparing the results to 

existing studies, and drawing preliminary conclusions about the applicability of 

Topic Results according to literature Main references 

Solar power Well known & positive Devine-Wright, 2007, 

Zoellner et al. (2008) 

Sütterlin, B., & Siegrist, M. 

(2017) 

Dhar et al. (2020) 

Biomass power Moderately known, positive with perceived negative 

claims, slightly less positive  

Qu et al., 2011 

Zoellner et al. (2008) 

Wind power Known and positive, with some perceived risks towards 

sustainability 

Devine-Wright, 2007 

Zoellner et al. (2008) 

Hydropower Known and positive, negativity towards dam 

construction 

Zoellner et al. (2008) 

Nuclear power Known and negative with observed risks, reluctant 

acceptance in some occasions 

Eiser et al., 1990; 

Verplanken, 1989 

Fennovoima 

project/company 

Traditionally, nuclear power project communication can 

be studied via content analysis, frame analysis and 

discourse analysis. Results of the content analysis 

indicate that Fennovoima and other companies get a lot 

of positive and neutral publicity in the press. Finnish 

editorial tone towards nuclear waste depository is more 

positive than in Sweden. 

Teräväinen, 

2011,Vehkalahti, 2017, 

Kojo et al., 2020. 
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opinion mining to communications studies. The supporting literature is synthesized 

as Table 5. 

Table 5. The main literature areas. 

Topic Key concepts Main references 

Communication literature & 

research methods 

Theory of effects 

Reception theory  

Communication funnel 

Comparative study 

Discourse analysis 

Content analysis 

Rhetoric analysis 

 

McCorkindale et al., 2013. 

Hunter et al., 2009 

Berendsen et al., 2015 

van Riel, 2013. 

Neuendorf, Krippendorff (Wilson, 

2016), 

Bucci et al., 2008 

Koppa 2020a,b,c,d 

Hybrid research approach Combinations of digital 

methods with human studies 

Lewis et al., 2013. 

Mahr & Scharkow, 2013 

Digital humanities Tools 

SoMe studies 

The Digital Humanities Stack 

Algorithmic influence  

Berry et al., 2012 

Berry et al., 2017 

Crawford, 2016 

 

Opinion mining Methodology application to 

communication studies. 

Belonging to research field of 

computational linguistics. 

Improved with machine 

learning, a subset of artificial 

intelligence(AI) 

Kumar et al., 2017 

Penalver-Martinez et al., 2014 
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3 Research Contribution 

3.1 The Global Media Sentiment of Solar Power  

Article I (Reprinted with permission from Article I © 2018 Elsevier) answers 

research question 1 and investigates the global media sentiment of solar power. 

The large number of data points provides a good basis for analyzing the media 

sentiment. In Figure 6, the sentiments towards solar power are visible both in 

editorial publications and in social media. 

 

Fig. 6. Sentiment analysis of SoMe vs. editorial publications (Reprinted with permission 

from Article I © 2018 Elsevier). 

The results suggest that the solar power resulted in mostly positive hits both in 

editorial publications (9,531), and also in social media (13,063). The amount of 

negative hits was 6,521 in editorial content and 7,771 in social media. The neutral 

hits were divided as a ratio of 3,327 in the editorial content, and 12,337 in SoMe, 

which indicates of more neutral views in the social media. Mixed hits, however, are 

concentrated in editorial content with 1,331 hits compared to 997 hits in SoMe. 

This indicates the editorial style includes more diverse views. Figure 7 illustrates 

how 46% of hits in editorial publications have been positive. Further analysis shows 

how 16% of hits in the editorial publications have been neutral indicating 
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journalistic types of discussions and rhetoric. The number of mixed (6%) and 

negative (32%) hits is relatively small, so it seems that there is an indication of a 

positive consensus towards solar power in editorial content.  

 

Fig. 7. Sentiment analysis of Editorial publications (Reprinted with permission from 

Article I © 2018 Elsevier). 

From Figure 8 it is visible that public sentiment toward solar power in social media 

has been also mostly positive (38%). Sentiment in social media appeared somewhat 

different compared to editorial publications. Figure 8 indicates that public 

sentiment toward solar power in social media is also more neutral (36%) with a 20 

percentage point difference compared to editorial publications. This can be seen as 

an indication that some groups have not yet decided their sentiment, which can be 

seen as a need to increase communication efforts in SoMe. On the other hand, the 

amount of positive hits was 8 percentage points smaller than in editorial 

publications, indicating, interestingly, less positive sentiment. In mixed hits the 

negative difference was 3 percentage points. 
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Fig. 8. Solar Power’s media sentiment in Social Media (Reprinted with permission from 

Article I © 2018 Elsevier). 

From Figure 9 it is visible how Twitter has attracted most of the social media 

attention with over 17,000 hits, which have been mostly neutral (10,175) or positive 

(4,283) towards solar power, with fewer negative (2,942) and mixed (21) hits. This 

can be considered as an indication of clear positive data concentration, and thus 

also general neutral or positive sentiment, since negative hits are generally 

considered to be the most influential. Blog writing has also been active with 4,431 

positive hits, and 3,098 negative, 672 mixed and 432 neutral. Comparing the total 

number of hits for Tumblr (1,281), Google Plus (1,697), Facebook (940) YouTube 

(2,030), VKontakte (183), Instagram (1,305) and Forums (678), short 

communication via Twitter (17,421) can be considered the most influential of 

SoMe sources. Therefore, social media can also be considered as quite large when 

public opinion towards technology is formed, although one editorial hit can have 

larger audience/coverage than one SoMe hit. 
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38 %
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Mixed
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Fig. 9. Deviation of social media sentiment analysis by media type (Reprinted with 

permission from Article I © 2018 Elsevier). 

One interesting addition to the media sentiment analysis is the impact of relevant 

large international events (Figure 10). During the Paris COP21 negotiations 

between November 30, 2015, and December 11, 2015, there were a total of 8,066 

hits (2,947 editorial, 5,119 SoMe), hence the media attention for solar power 

quadrupled from its regular levels compared to an average month of hits (calculated 

as monthly average over 12 months’ time). 
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Fig. 10. Solar Power Media attention during Paris COP21 (Reprinted with permission 

from Article I © 2018 Elsevier). 

From Figure 10, the effect of global Paris COP climate negotiations on solar power 

media sentiment in editorial publications and SoMe was observed. The preliminary 

conclusion that can be drawn is that media attention on solar power technologies is 

seen to have been emphasized at the time of the large global climate conference. 
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Fig. 11. Negative media sentiment in selected countries (Reprinted with permission 

from Article I © 2018 Elsevier). 

From Figure 11, there’s an implication that media sentiment seems to have also 

roughly followed solar power plant newbuilding in selected countries. Germany, 

having a large utilization of solar power, has clearly fewer negative sentiments both 

in editorial content and in SoMe. Germany also has renewable energy policies in 

place. Great Britain, Australia and India have clearly less negative percentages in 

SoMe content than in editorial, indicating a more one-sided positive sentiment 

towards solar power than in editorial content. From IEA (2016) statistics it can be 

seen that solar PV increased by 27.3 TWh, mainly driven by Japan, which increased 

electricity production from solar PV by 11.5 TWh, The second largest increase can 

be observed in the UK (3.5 TWh), followed by Germany (2.4 TWh). The overall 

increase in solar power newbuilding seems to correlate somewhat with media 

sentiment in respective countries, especially in the cases of Germany (lowest 

percentage of negative hits both in editorial and in SoMe) and the UK, where the 

less negative SoMe sentiment is in line with second largest solar power utilization 

increase. In the case of Japan, the hit count in SoMe was very low, limiting the 

possibilities for making conclusions. 
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3.2 The Global Media Sentiment of Wind Power 

Article II (Reprinted with permission from Article II © 2018 Inderscience) answers 

research question 2 and investigates the global media sentiment of wind power.  

The large number of data points obtained during the global media analysis 

provided a good basis for the sentiment analysis. The number of data points was 

adequate to base a further analysis of media sentiment on. In Figure 12 below, the 

sentiment toward wind power is depicted both for the editorial publications and the 

social media data hits. 

Fig. 12. The sentiment analysis of SoMe compared to that of editorial publications 

(Reprinted with permission from Article II © 2018 Inderscience). 

It can be seen in Figure 12 that for wind power, the results were mostly positive for 

both editorial and social media. Compared to, for example, the media attention for 

biomass power during about the same time frame, the level of hits was much higher, 

suggesting that wind power has been well presented in the media. The results also 

show that wind power produced more positive hits on social media and also in the 

editorial publications, but with the ratio being about 50% more in the SoMe content, 

namely, 24,790 compared to 16,396 hits for the editorial content. The neutral hits 

were in a ratio of 3,214 in editorial content and 13,893 in SoMe, with mixed hits, 

those which include conflicting elements. Thus, 3,164 hits were considered as 

mixed in SoMe, whereas the editorial content that number was 2,906. The negative 
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hits, important due to their effectiveness, were concentrated in social media with 

19,991 compared to 14,578 found in the editorial context. 

The ratio between the negative hits in SoMe is proportionally almost the same 

as those from the editorial publications. Further still, in the editorial publications, 

there were almost the same amount of negative hits as there were positive, while 

the emphasis on positive media sentiment results came mainly from social media. 

This result indicates a generally positive sentiment, due also to the high number of 

neutral hits, which indicate an extended exposure of the topic on social media 

channels. Figure 4 demonstrates that 44% of the editorial exposure was positive 

with neutral content over 50%. The number of mixed (8%) and neutral (9%) hits 

was relatively small, indicating a consensus for a viewpoint favoring wind power. 

Overall, this result can be seen as a positive indication of the general public 

sentiment of wind power in the editorial publications. The percentage of negative 

hits in the editorial publications (39%) was larger than the share of negative hits in 

the social media (32%), indicating slightly more negative sentiment toward wind 

power than seen in SoMe.  

 

Fig. 13. Sentiment analysis of the editorial publications (Reprinted with permission from 

Article II © 2018 Inderscience). 

From Figure 14 below, it is also evident that public sentiment toward wind power 

in social media was mostly positive with a 40% share, compared to 32% negative 

hits, while when taken together with the neutral hits (23%), the share is over 60%. 
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However, the relatively large amount of neutral hits indicates that some groups have 

yet to decide their sentiment, which can also be considered as an indication of the 

need to increase the communication efforts in SoMe. Generally, this distribution of 

hits can be seen as a strong indicator of a positive sentiment. 

 

 

Fig. 14. Media sentiment toward wind power found in Social Media (Reprinted with 

permission from Article II © 2018 Inderscience). 

Figure 15 illustrates the social media sentiment toward wind power across different 

media. Dividing the social media sentiment by type of media reveals that blog 

writing attracted most of the social media attention with 25,796 hits, wherein the 

largest share was positive at 11,508 hits, and negative opinion was almost the same 

with 11,162 hits. Also, the number of neutral (750) and mixed (2,376) hits held only 

a minor share of the total, compared to the positive and negative. This result can be 

considered as an indication of polarity in the views. Twitter was active with 22,816 

mostly neutral hits (11,822), and 6,810 positive, 81 mixed and 4,101 negative. 

When compared to Facebook (1,245), Google Plus (5,204), Forums (2,243), 

YouTube (2,326), VKontakte (227), Instagram (536) and Tumblr (1,473), Twitter 

and blog writing seemed to be the most influential of all the SoMe sources. Due to 

a more visible number of positive hits, the social media effect can also be 

considered as being quite large when the positive public opinion towards 
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technology was formed. This result is mainly due to the possibility of individuals 

expressing their opinions directly without need for objectivity, such as would be 

the case in the editorial media. 

 

Fig. 15. Expression of the social media sentiment analysis by media type (Reprinted 

with permission from Article II © 2018 Inderscience). 

On the global level, the gender differences are noted in Figures 16 and 17 with 

female sentiment being slightly more positive than male sentiment at only a 7 

percentage point difference. 
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Fig. 16. Female media sentiment toward wind power (Reprinted with permission from 

Article II © 2018 Inderscience). 

Fig. 17. Male media sentiment toward wind power (Reprinted with permission from 

Article II © 2018 Inderscience). 
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During the Paris COP negotiations that took place between November 30, 2015, 

and December 11, 2015, there were a total of 1,263 hits, and during that period the 

relative media attention paid to wind power was approximately more than half of 

the total media compared to a regular average month with 5,121 hits (calculated as 

a monthly average). The sentiment was found to be mostly positive; however, there 

were more negative views compared to a regular average month. During the Paris 

COP21, the deviation of media sentiment changed (see Figure 18). Proportionally, 

the number of negative hits increased during that period. The total number of 

negative hits was 512, largely concentrated on SoMe (280). The positive content 

contained a total of 208 editorial hits and 724 hits in social media, thus indicating 

a greater than monthly average negative content. Due to the low number of mixed 

hits (73), it appeared that the media attention during Paris COP21 was indeed more 

polarized. 

Fig. 18. Sentiment analysis of wind power for SoMe vs. editorial publications during 

Paris COP21 time period (Reprinted with permission from Article II © 2018 Inderscience). 

The media hits during the global climate negotiations also indicated some change 

in the media sentiment toward wind power. The media sentiment seemed to be more 

negative than normal with 43% compared to the 39% monthly average. At the same 

time, social media sentiment was also a bit more negative than normal with a 39% 

share (see Figure 19) of hits compared to 31% as the monthly average. 
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Fig. 19. The effects of the Paris COP21 negotiation on media exposure (Reprinted with 

permission from Article II © 2018 Inderscience). 

When moving from global media sentiment to a more local level, several 

differences appear. Figure 20 notes the media sentiment in different world regions. 

It seems that the largest negative sentiment was the US, compared to Europe, for 

example, with more than half of the total hits, but generally more positive ones. 
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Fig. 20. Media sentiment in different world regions by continent (Reprinted with 

permission from Article II © 2018 Inderscience). 

When moving to the country level in Europe, the sentiment clearly became more 

diversified. Table 6 summarizes the media sentiment differences in the European 

countries. 

Table 6. Media sentiment with possible correlation on deployment of wind power in 

European countries (Reprinted with permission from Article II © 2018 Inderscience). 

I 

Installed 
capacity, end 
2015  (MWe) 

Added wind 
capacity 2016 

(MWe)

Added 
wind 

capacity % 
of installed 

base Tot.Hits

Negative % 
media 

attention
Media impact 

(quantity/quality)

Position 
in 

installed 
capacity

Position 
in wind 
power 

increase 
2016

Pos. in 
negativ
e media-
attentio

n

Growth 
rate 

order
Germany 44941 5443 12 % 769 11 % Large, positive 1 1 13 6
France 10505 1561 15 % 108 26 % Small, medium 4 2 6 4
Turkey 4694 1387 30 % 152 93 % Small, negative 7 3 1 1
Netherlands 3443 887 26 % 62 24 % Small, medium 11 4 8 2
UK 13809 736 5 % 4825 37 % Large, negative 3 5 4 10
Poland 5100 682 13 % 9 22 % Small, medium 8 6 9 5
Sweden 6029 493 8 % 155 12 % Small, positive 6 7 12 8
Ireland 2446 384 16 % 313 55 % Medium, negative 13 8 2 3
Italy 8975 282 3 % 326 21 % Medium, medium 5 9 10 13
Portugal 5050 268 5 % 8 0 % Small, positive 9 10 15 11
Austria 2404 228 9 % 38 11 % Small, positive 14 11 14 7
Denmark 5064 220 4 % 326 26 % Medium, medium 10 12 7 12
Belgium 2218 177 8 % 37 32 % Small, medium 15 13 5 9
Romania 2976 52 2 % 20 40 % Medium, negative 12 14 3 14
Spain 23025 49 0 % 192 14 % Small, positive 2 15 11 15
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In Table 6 above, the statistics on deployment and the annual increase of wind 

power from GWEC are compared to the media sentiment in the respective country. 

From the table it is clearly visible that Germany had large positive media attention. 

France had a small quantity of media hits together with medium quality of media 

attention and with the second-largest yearly increase in wind power capacity. The 

largest annual growth was in Turkey, together with small negative media attention 

and no foreseen statistical effect on deployment. In the UK, large negative attention 

may have stalled wind power deployment; yet although UK has the third-largest 

installed capacity, it still is tenth in wind power growth rate order. So deployment 

may be stalling. Most of the countries with a low growth rate order (Spain, Austria, 

Portugal) had fairly small positive media sentiment, negatives also included 

Romania (medium/negative), Denmark (medium, medium) and Italy (medium, 

medium). This result is mostly in line with the literature basis, wherein the quantity 

of media attention is an important factor in positive development of public 

acceptance and also deployment of the technology. 

Media sentiment/project level of offshore projects 

To study the media sentiment on a project level, the media sentiment of three 

offshore wind farms currently in active development was summarized, namely 

Wikinger (350 MWe; 2017) and Nordsee One (332 MWe; 2017) offshore projects 

in Germany and the Dunkirk (2017) offshore project in France (750MWe). These 

results are presented in Figures 21 and 22 below. 
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Fig. 21. Media sentiment of three offshore wind projects (Reprinted with permission 

from Article II © 2018 Inderscience). 

Fig. 22. Media attention given three offshore wind projects currently under development 

(Reprinted with permission from Article II © 2018 Inderscience). 
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In Figures 21 and 22, it is clearly visible that the three selected offshore wind 

projects have had a similar type of media sentiment, generally very positive. The 

main attention was concentrated in the editorial media. Only small media attention 

was given to offshore wind power with a low amount of negative SoMe hits. 

3.3 The Global Media Sentiment of Biomass Power 

Article III (Reprinted with permission from Article III © 2017 Inderscience) 

answers research question 3. The media sentiment analysis was made by inputting 

keywords “biomass power plant” to M-Adaptive media monitoring software. The 

analysis was made for the time period July 2, 2015-July 3, 2016, and it included 

total of 21,802 data points from both editorial publications and SoMe sources. 

SoMe had attracted almost three times less of hits in that time period. This period 

also included Paris agreement negotiations.  

Due to the large amount of data, and despite some inaccuracy in machine-based 

analysis, this type of dataset will be adequate to base further analysis of media 

sentiment on. In Figure 23, sentiments towards biomass power are depicted both in 

editorial publications and in social media. 

 

Fig. 23. Sentiment analysis of Some vs. editorial publication (Reprinted with permission 

from Article III © 2017 Inderscience). 

From Figure 23 it can be seen that biomass power resulted in mostly positive hits 

both in editorial publications and also in social media; however, the media 

sentiment in SoMe is proportionally more negative than in editorial content. This 
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can be seen as an indication of strong positive editorial sentiment, which indicates 

an extended exposure in editorial media channels. 

Fig. 24. Sentiment analysis of editorial publications (Reprinted with permission from 

Article III © 2017 Inderscience). 

In Figure 24, it is visible that 58% of hits in editorial publications have been 

positive, and together with the share of neutral content, general share goes to 64%, 

thus indicating a relative high technology acceptance among the journalists, and 

also a slight absence of journalistic types of discussion and rhetoric, which would 

include multiple views. The number of mixed (9%) and neutral (6%) hits is 

relatively small, so it seems that there is an indication of a positive consensus 

towards biomass power in editorial content. 
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Fig. 25. Biomass Power’s media sentiment in Social Media (Reprinted with permission 

from Article III © 2017 Inderscience). 

However, the picture is completely different when looking at the social media 

(SoMe). From Figure 25 it is visible that public sentiment toward biomass power 

in social media has been equally positive and negative with 42%. This can be seen 

as indicator of more negative, split sentiment amongst the lay people. 
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Fig. 26. Deviation of social media sentiment analysis by media type (Reprinted with 

permission from Article III © 2017 Inderscience). 

In Figure 26, the deviation between sentiments in different social media sources is 

described. From the figure you can see that blog writing has attracted most of the 

social media attention with over 4,000 hits, which have been mostly negative 

towards biomass power (2,029). The popularity of blog writing can be considered 

the means to make more thorough statements of the issue, thus influencing more 

negative sentiment than engendered by editorial content. Due to over two times 

lower amount of social media hits, the social media effect can also be considered 

to be of smaller influence in the case of biomass power, and is an indication of 

technology being less known. 

From Figure 27, the effect of the global Paris COP climate negotiations on 

biomass power media sentiment in editorial publications and SoMe was observed. 

The preliminary conclusion that can be drawn is that biomass power technology’s 

media sentiment is seen to be rather neutral, and it largely did not change during 

the time of large global climate conference. 
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Fig. 27. Media attention during Paris COP21 negotiations (Reprinted with permission 

from Article III © 2017 Inderscience). 

3.4 The Global Media Sentiment of Hydropower 

This chapter answers research question 4. For hydropower (Figure 28), the results 

denote mostly positive hits both in editorial publications (20,619), and also in social 

media (4,692); however, with less than one quarter the SoMe attention, there is the 

possible implication of more interspecialistic level of communication. The number 

of negative hits was 11,594 in editorial content and 2,534 in social media. The 

neutral hits were divided as a ratio of 3,250 in the editorial content, and 2,739 in 

SoMe, which indicates somewhat polarized views due to lower hit rate compared 

to positive and negative hits. Mixed hits, however, are concentrated to editorial 

content with 2,745 hits compared to 588 hits in SoMe. This may indicate the 

dominance of editorial style in communication with inclusion of more diverse 

views, and also a smaller effect of pure opinion. 
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Fig. 28. Media sentiment of hydropower. 

Figure 29 illustrates that 54% of hits in editorial publications have been positive. 

Further analysis shows how 9% of hits in the editorial publications have been 

neutral, whereas the number of mixed (7%) and negative (30%) hits is smaller, so 

it seems that there is an indication of a positive consensus towards hydropower in 

editorial content. 
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Fig. 29. Media sentiment of hydropower in editorial content. 

However, the media sentiment for hydropower somewhat different when looking 

at social media. It can be seen from Figure 30 that the public sentiment towards 

hydropower in social media also has been mainly positive (44%), with 6% mixed, 

24% negative and 26% neutral. This can be seen as an indicator of a greater split in 

attitudes amongst the lay people due to the larger share of neutral hits. 
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Fig. 30. Media sentiment of hydropower in SoMe. 

The deviation between sentiments in different social media sources is indicated in 

Figure 31. It can be seen that blog writing has attracted most of the social media 

attention with over 4,700 hits, writings which have mostly been positive for 

hydropower (2,229). The popularity of blog writing, and also forums (2,515), can 

be considered to be explained as the means to make more thorough statements on 

the issue, thus communication more similarly than to the editorial content. Due to 

over four times lower amount of social media hits, the social media effect can also 

be considered to be of smaller influence in the case of hydropower, with an 

implication in intraspecialistic communication stage, due to channels with a longer 

type of communication being emphasized. 
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Fig. 31. Media sentiment of hydropower in SoMe. 

3.5 The Global And Local Media Sentiment of Nuclear Power 

Article IV (Reprinted with permission from Article IV © 2019 Authors) answers 

research question 5, and this chapter is complemented with detailed human-made 

rhetoric analysis answering research question 6. 

In Figure 32, the sentiments towards nuclear power are described as both in 

editorial publications, and in social media. 

 

Fig. 32. Sentiment analysis of SoMe vs. editorial publication (Reprinted with permission 

from Article IV © 2019 Authors). 

The results denote that nuclear power resulted mostly in negative hits both in 

editorial publications (8,976), and also in social media (11,458). The amount of 

positive hits was 3,737 in editorial content and 5,183 in social media respectively, 

which is a fairly low number compared to the large amount of total hits. Neutral 

hits comprised 726 in editorial content, 9,899 in SoMe; mixed hits: editorial content 
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1,043 hits, 569 hits in SoMe. This seems to indicate that the press has adopted a 

negative tone towards nuclear power during the time period in question. 

Figure 33 shows the 62% of negative hits in editorial content. Only 26% of hits 

in the editorial publications have been positive, indicating a relative low technology 

acceptance among the journalists, and also the absence of the journalistic type of 

discussion and rhetoric, which would include multiple views. The amount of mixed 

(7%) and neutral (5%) hits is quite small. 

Fig. 33. Sentiment analysis of editorial publications (Reprinted with permission from 

Article IV © 2019 Authors). 

Figure 34 indicates public sentiment towards nuclear power in social media to be 

negative (42%). This seemed somewhat different compared to editorial 

publications with slightly less negative share. Figure 34 indicates that public 

sentiment toward nuclear power in social media is also more neutral (37%) with a 

32 percentage point difference compared to editorial publications. This can be seen 

as an indication that the press has already adopted more negative discourse than the 

individuals on SoMe.  
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Fig. 34. Nuclear power’s media sentiment in social media (Reprinted with permission 

from Article IV © 2019 Authors). 

Figure 35 indicates that Twitter had most of the social media hits with almost 

18,000 hits, mostly neutral (9,231) or negative (5,425), with fewer positive (3,185) 

and mixed (44) hits. This can be observed as a negative data concentration. Blogs 

had 4,288 negative hits, and 1,253 positive, 411 mixed and 226 neutral. In 

comparison with Tumblr (238), Google Plus (1,345), Facebook (471) YouTube 

(404), VKontakte (45), Instagram (109) and Forums (434), Twitter (17,885) can be 

considered an influential social media source.  
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Fig. 35. Deviation of social media sentiment analysed by media type (Reprinted with 

permission from Article IV © 2019 Authors). 

From Figure 36, it can be observed that media sentiment has also followed roughly 

the nuclear newbuilding in the selected countries. Finland, now building, thus 

delayed, the Olkiluoto 3 unit and also the Hanhikivi plant by Fennovoima (subject 

to building permit), clearly has fewer negative sentiments both in editorial content 

and in SoMe. As its counterpart, Japan, after the Fukushima accident, experiences 

the most negative sentiment. France, China and Russia, as major countries with 

nuclear capacities, fall in between. Britain, now with Hinkley Point considerations, 

has interestingly a more negative tone compared to Germany with its significant 

nuclear decommissioning program and large renewables capacity. It may be an 

indication that supply security issue might rise in importance. India has the largest 

difference between editorial content and SoMe, where sentiment in SoMe is 

interestingly 23 percentage points less negative. 
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Fig. 36. Media sentiment in selected countries (Reprinted with permission from Article 

IV © 2019 Authors). 

Figure 37 illustrates the effect of the global Paris COP climate negotiations on 

nuclear power media image in editorial publications and in social media. The 

preliminary conclusion that can be drawn from this is that the nuclear power 

technology media sentiment is mostly negative. This is visible from the media 

emphasis at the time of a large global climate conference. 
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Fig. 37. Media emphasis during global Paris COP21 climate negotiations (Reprinted 

with permission from Article IV © 2019 Authors). 

From the general data analysis, it is visible that public sentiment towards nuclear 

power in both social media and editorial publications has been mostly negative, 

therefore agreeing with the results from the literature view. 

However, when moving from global level to country level, there exist some 

variations in media sentiment. Two countries with ongoing nuclear developments, 

namely Finland and UK, were selected as examples. On a country level, Finland 

clearly had the lowest negative editorial media sentiment from selected countries, 

and also the second lowest percentage in SoMe after Germany. So this would 

indicate a more positive tone towards nuclear power in Finland. 

Project media sentiment at the half-year (December 1, 2016-May 25, 2017) 

was observed in the case of two projects, namely Fennovoima in Finland and 

Hinkley Point C in UK, both in early construction phases of development. Figure 

38 illustrates the sentiments of Fennovoima, a project company established to build 

a Hanhikivi nuclear reactor in Finland. 
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Fig. 38. Media sentiment in Fennovoima (Reprinted with permission from Article IV © 

2019 Authors).  

From Figure 38 it is visible that Fennovoima has attracted mostly neutral and also 

positive attention both in editorial content and in SoMe. This indicates the general 

positive sentiment in Finland, visible in country analysis, and may indicate also the 

presence of PR-activities by the company. 
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Fig. 39. Media sentiment in Fennovoima/by source (Reprinted with permission from 

Article IV © 2019 Authors). 

When looking more closely at the media sources in the case of Fennovoima, it can 

be observed that the mostly positive editorial media attention has had some contrast 

from Twitter, which is more negative, somewhat indicating presence of local 

opposition groups. Comparing to the editorial media, which is clearly more positive, 

this indicates that SoMe channels can be used as means for communicating local 

opposition in the case of large onshore projects. 

When moving on to UK, and to the Hinkley Point C project (Figure 40), the 

media attention seems to follow the general consensus of the country clearly with 

more negative sentiment; however, still mainly positive in editorial media, but 

mostly negative in SoMe with approximately one tenth as many hits than in 

editorial media. 
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Fig. 40. Media sentiment in Hinkley Point C (Reprinted with permission from Article IV 

© 2019 Authors). 

Figure 40 describes the spread of Hinkley Point C between editorial media and 

SoMe, with an clear indication that editorial media is emphasized in both positive 

and negative communication. The general sentiment is anyhow positive. However, 

the negative percentage is a bit larger in SoMe (Figure 41).  
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Fig. 41. Media sentiment of Hinkley Point C, Editorial/SoMe (Reprinted with permission 

from Article IV © 2019 Authors). 

Fig. 42. The comparison of nuclear power negative sentiment in global, country and 

project level(Reprinted with permission from Article IV © 2019 Authors). 
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From Figure 42 it can be observed in the comparison of negative sentiment of 

nuclear power that although globally the sentiment in editorial media (62%) and in 

SoMe (42%) is clearly negative, there exist differences on a country and project 

level. Finland and the UK have less negative editorial sentiment compared to global, 

and the specific nuclear projects also have less negative media sentiment than on a 

country level, thus there is slightly larger % share of negative SoMe sentiment for 

single project (Finland/Fennovoima (2%) and UK/Hinkley Point C (7%)). On a 

nuclear project level, the media attention is less negative both in editorial and in 

SoMe than on a global or country level. This positive sentiment in editorial media 

is a possible indication of corporate/PR communications, especially from Hinkley 

Point C and Fennovoima project companies, selected for detailed media content 

study, in order to discover applied rhetoric in corporate communications. Similarly, 

negative tweets could be studied to find negative arguments from local opposition 

groups. 

As for continuation of the hybrid approach, in addition to opinion mining 

analysis of nuclear power with a focus area of Fennovoima company, where 

positive and neutral editorial sentiment was discovered (matching analysis by 

Vehkalahti, 2017), detailed discourse/rhetoric analysis from a single corporate 

brochure was made. The idea was to discover 1) what kind of persuasive elements 

are used by a utility power company in communications, 2) what type of positive 

claims/elements aimed at influencing the general public in editorial media, 

especially with latent content (hard for algorithms to analyze), was discovered by 

20 students, namely in corporate PR-communications (info brochure for local 

households/date January 31, 2015, Fennovoima, 2015). This was made with the 

help of a guided student assignment, students consisting of 20 master level science 

communication students (some leading questions: what type of elements could be 

found and what is meant by rhetoric). Reviewer analyses were classified in 

categories, e.g., what influencing elements from corporate PR-communication 

were discovered by a number of students, and 3)The purpose was twofold: a) to 

support large-scale data analytics findings from positive editorial sentiment and b) 

to support results generalization in a discussion section concerning hybrid research 

approach. If this document had gone through human- and algorithm-based 

sentiment classification, it would clearly be positive, due to the sheer quantity of 

positive expressions relevant in machine-based sentiment classification, and built 

in positive latent messaging visible only in human analysis. Table 7 summarizes 

the findings from this study. 
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Table 7. Analysis of rhetoric from Fennovoima household info brochure by 20 persons. 

Positive claims/rhetoric   

Co-

operation 

between 

stakeholde

rs/compan

y as part of 

community 

Positive 

influence to 

employment/

economy 

Environment

al 

friendliness 

Supply 

security in 

electricity 

production 

More facts 

than emotion 

Affordable PositiveCom

parison 

against 

negativity of 

coal plant 

Tourism 

benefits 

12 19 17 16 9 9 5 4 

Skilled 

design 

team 

Company 

investments 

also to 

renewable 

energy 

Continuous 

development 

Supports 

education in 

University of 

Oulu 

Heavy 

logistic 

transportatio

n seldom 

Constructi

on project 

is located 

far from 

people 

Domestic 

labour used 

Training 

for 

foreign 

labor 

4 4 1 1 1 3 1 1 

How is experience of risks mitigated 

Domestic 

project 

Low level of 

back ground 

radiation 

State of the 

art 

technology/ 

quaranteed 

safety 

Security 

measures 

Safe deposit 

of nuclear 

waste 

Open 

communic

ation 

Regulation of 

nuclear 

industry in 

Finland(stuk) 

Project 

HSE 

during 

construct

ion 

6 3 16 1 9 13 11 5 

Long 

history of 

safe 

nuclear 

plants in 

Finland 

No urane 

mining in 

Finland 

Local 

environment 

not 

disturbed(se

aside 

meadows) 

     

5 2 1      

Understandable for lay-people 

Picture 

from CEO 

as a sign 

of 

commitme

nts 

Language is 

clear and 

informative 

Pictures,Gra

phs and 

charts bring 

positivity 

Positive 

colour 

scheme, 

white, green 

and blue 

Persuasivea

nd 

informative 

images 

Specialist 

information 

included 

Short 

length/essen

tial 

information 

included 

Long 

and 

detailed 

indexing 

1 15 10  9 8 11 1 1 

Delegating the communication discourse/rhetoric analysis research problem to the 

group of 20 persons resulted in 16 different positive claims/elements, 11 risk 

reducing elements and 8 features increasing the understandability for lay-people, 
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found from mostly latent content of the text. As a comparison to opinion mining 

results, this is far more versatile and accurate output, giving the final result 

implications for a hybrid approach. However, the main difference in contrast to the 

algorithm-based approach, where different element from text could be scanned, is 

that this type of grouped exercise brings out different latent elements from each 

person, so it is clearly more subjective than the algorithm-based approach, and 

discovery of all positive elements would require a large group of researchers. There 

was a large difference in discovered persuasive elements, whereas economic 

benefits were discovered by almost all (19), things such as benefits for local 

education were discovered/highlighted by only one person. This end part of the 

hybrid research approach would then be more accurate, but also more subjective. 

The accuracy would increase to some point by increasing the number of researchers 

going through the material. It is to be noted that this type of analysis could also 

have been made with algorithms, but it would have needed to know what research 

words and categories to use, and wo. discovery of latent content. The positive 

rhetoric found in this analysis presents one possible explanation for more positive 

sentiment found also in algorithm-based results. 

3.6 Opinion Mining Results Summary 

To summarize the media sentiment of power production technologies, clear 

differences between different power production technologies do exist in global and 

local sentiment, as well as differences between editorial content and SoMe.  

For total media attention, wind resulted in the most hits (98,944), with solar 

the second (54,878), hydro (48,761), nuclear power (41,591), and biomass power 

(21,802) received the least attention. For different power production technologies, 

the results split between different media show that wind power resulted in the most 

hits in social media (61,835), followed by solar power (34,168), nuclear (27,109), 

hydro (10,553) and biomass (6,072). For editorial media, hydropower received the 

most hits in editorial media (38,208). Close behind in editorial media attention was 

wind power (37,106), followed by solar (20,710), biomass (15,730) and nuclear 

(14,482). There seems to be also a clear indication that communication concerning 

biomass and hydro power is concentrated to editorial media, and probably also 

between experts, thus with possible indication of an absence of technology 

popularization efforts. In contrast to other low-CO2-emitting power production, 

namely wind, solar and nuclear, the media attention in SoMe has been much more 

intensive, which would indicate a more popular type of communication. 
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Furthermore, this can be studied when comparing different forms of SoMe, where 

wind power resulted in the most positive hits and nuclear the most negative, on 

Twitter with its short popular communication; hydropower was popular in positive 

blog writings with more content. So this would give some implication of the 

communication funnel status of a single technology from Bucchi et al. (2008). The 

results of looking at this aspect are summarized in Table 8. The results are taken 

from the same one year time period for each technology, except for hydropower—

the period is of the same length but one year forward. Generally, hydropower was 

the most quoted  technology in editorial media (38,208), closely followed by wind 

(37,094). Solar (20,710) and biomass (15,730) resulted in clearly fewer hits. The 

majority of hits for hydro-, wind-, solar-, and biomass power in editorial 

publications have been positive. There is an indication of a negative consensus 

towards nuclear power in editorial content.  

From the general data analysis, conclusions can be made, therefore, agreeing 

with the results from the literature study. Table 8 summarizes the findings from 

both literature and media analysis as an internal comparison against each other and 

external comparison against literature. 

Table 8. Summary and comparison of renewable power media sentiment against each, 

other, literature and nuclear power. 

Technol

ogy 

Meets 

sustainab

ility 

criteria 

Amount 

of media-

attention 

Effect of 

media-

attention 

during 

Paris 

COP21 

Sentimen

t in 

editorial 

press 

Sentiment 

in SoMe 

Results 

correlate 

against 

internal 

structure 

(each 

other) 

Results 

correlate 

with 

literature 

(reference) 

Suggested 

stage in 

communica

tions funnel 

(Bucchi et 

al., 2008) 

Solar Yes Medium Positive Positive Positive Yes Yes 

(Devine- 

Wright 

2007) 

Popular 

Wind Yes Large Less 

attention 

Positive Positive Yes Yes Popular 
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Technol

ogy 

Meets 

sustainab

ility 

criteria 

Amount 

of media-

attention 

Effect of 

media-

attention 

during 

Paris 

COP21 

Sentimen

t in 

editorial 

press 

Sentiment 

in SoMe 

Results 

correlate 

against 

internal 

structure 

(each 

other) 

Results 

correlate 

with 

literature 

(reference) 

Suggested 

stage in 

communica

tions funnel 

(Bucchi et 

al., 2008) 

(Devine- 

Wright, 

2007, 

2012; 

Sovacool et 

al., 2012; 

and 

Hagget, 

2011) 

Biomas

s 

Yes Small Neutral Positive Mixed Yes Yes 

(Zoellner et 

al., 2008; 

Halder et 

al., 2011) 

Interspecial

istic/ 

pedagogica

l 

Hydro Mostly(w

ater 

constructi

on) 

Large/edit

orial 

- Positive Positive Yes Yes 

(Zoellner et 

al., 2008; 

Frey & 

Linke, 

2002) 

Interpecial 

istic/ 

pedagogica

l 

Nuclear No Large/So

Me 

Negative Negative Negative Yes Yes 

(Siegrist et 

al., 2013; 

Verbrug 

gen, 2008) 

Popular 

Fennov

oima 

No Large - Positive/

Neutral 

Positive/ne

utral 

Yes Yes 

(Vehkalahti

, 2017, 

Kojo et. al. 

2020) 

Popular 

The findings of this study are comparable to the previous findings from literature, 

and also follow logically the results from the media sentiment of coal power and 

CCS, researched with a similar method in the author’s PhD thesis (Nuortimo, 2020). 

Also in the case of nuclear power, findings from more detailed text analysis well 
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complement the general opinion mining results, bringing a complementary view on 

the hybrid research approach. 

From Table 8 it is visible that solar power has a clearly positive media 

sentiment both in the editorial press and in SoMe, and communication can be 

considered popular. Wind power has at the same time the largest media attention 

with some perceived risks from literature, bird mortality, landscaping, etc., less 

sustainable landfilling of used windmill blades, etc., but large positive popular 

media attention especially in SoMe, mainly on Twitter. The offshore wind, which 

isn’t in anyone’s backyard, received almost fully positive hits in editorial and social 

media. Biomass power has also a positive sentiment, however, it is lacking 

exposure in media, especially in SoMe. There are also some negative claims related 

to biomass power described in literature, such as discussion about actual CO2 

neutrality, this being a political decision. The SoMe sentiment for biomass is also 

clearly mixed, with equal shares of positive and negative attention. Biomass power 

is clearly not seen to be as popular as solar or wind, thus benefitting from some 

communication and popularization efforts. Hydropower resulted clearly in the most 

hits in editorial media, which were positive. However, due to the lower amount of 

SoMe hits, hydropower, in addition to biomass, would seem to benefit from 

popularization efforts, although it is well present in editorial media. 

The global media analysis of energy technologies was made by inputting 

keywords to M-Adaptive media monitoring software. The analysis was made for a 

time period of one year (July 2, 2015-July 3, 2016), except for hydropower with 

the same time duration one year later (June 25, 2016-July 9, 2017), and it included 

the large amount of data points (265,976) gained from media hits, from which the 

deviation was between editorial (126,236) and SoMe (139,746). The total media 

sentiment relating to power production technologies varied, generally following the 

view from literature.  

Renewable production had positive media sentiment, whereas wind and solar 

power received most of the hits, biomass fewer. Nuclear power sentiment was 

clearly negative with regional differences. 

3.7 Results Synthesis 

In this chapter, the results are synthesized to form a coherent picture from the 

research methodological side, as well as compared against traditional methods to 

form out the hybrid approach view.  
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Generally, from the results validity point of view, it can be said that these 

results are in line with the literature (Devine-Wright, 2007), where it was stated that 

wind and solar are considered iconic, and biomass and CCS are more unknown. 

This partly validates the approach used. The comparison of traditional content 

analysis with accuracy testing in the master’s thesis (Nuortimo, 2015), together 

with results validation from case ihmisroska (Nuortimo et al., 2020b), and the 

results support the accuracy estimate provided by M-Brain via internal testing to 

be in line with 80% estimated correctness (74% for a difficult case) in sentiment 

classification. Furthermore, there were clearly hits which were incorrect that further 

emphasized that the machine had “correctly failed” in the cases in which it should 

have failed. In those cases, the global document sentiment was rather a result of 

human intelligence based on latent content, in contrast to local sentiment 

classifications. For example, the substance of a document can be such that it lowers 

the risk associated with technology, but the document itself contains negative local 

sentiments. Also the length of the document generally seems to lower the sentiment 

accuracy, where short tweets seem to be classified more accurately than long 

newspaper articles (Nuortimo et al., 2020b). In comparison with a human estimator, 

the definition of correctness is equally challenging, and also the quantity processed 

is in totally different scale—remarkably lower. Based also on the results of the 

thesis, it seems that the results from opinion mining analysis would be 

complemented by full text content analysis; however, for this type of data quantity, 

it would be practically impossible to make with normal research budgets. Therefore 

the large scale analytics were complemented with fairly narrow human researcher-

based analysis from nuclear power PR-communication.  

When choosing the main research approach, and relevant software, the main 

benefit compared to open access software in this study was the inclusion of payable 

editorial sources, which widens the sourcing compared to free software. The 

selected software provider is a well-known global supplier; also references for 

utilizing similar types of software in research, such as Google analytics, media 

framing software, etc., exist, thus validating this type of approach for opinion 

mining. The scale of analyzed sources vary, for example, from Suomi24.fi/Varkaus, 

a local discussion forum for people living in small town Varkaus in Finland, to 

Financial Times, a major influential newspaper, so the data is based on both 

structured and unstructured sources. In that way, the comparability of both SoMe 

and editorial content gives some extra insight, which is not so much present in 

traditional studies based exclusively, for example, on editorial media framing. This 

is the most significant advantage of this approach (Figure 43). 
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Fig. 43. Comparison of traditional research methods and opinion mining. 

Table 9. Comparison between human-based and machine based media analysis. 

Type of media-study Human-based Machine-based 

Quantity of data-sources 

analyzed 

Small Very large 

Subjectivity Subjective Objective, dependent on used algorithms 

Accuracy in sentiment 

classification 

Less than 100% App. 70-80% with large sets, depending 

on selected software 

Framing and classification 

possible 

Yes Framing possible, however, more 

challenging for large unstructured data. 

Classification possible by type and 

sentiment, gender, geography, source 

etc. defined by used method/software 

1. Machine-based methods have been developing recently thus gaining a level of 

reliability and speed, which make possible rapidly analyzing a vast quantity of 

datapoints, media hits in this case, in comparison to traditional methods. 

2. Machines are objective; they make the same mistakes always the same way, 

thus making comparison between large datasets possible. Human analysis is 
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dependent on an evaluator and is not 100% accurate either. The comparability 

of data series is valid. 

3. The speed of analysis makes possible rapidly analyzing trends and time series, 

thus helping largely in communications-related decision making in companies, 

as well as identification of SoMe firestorms erupting.  

4. There exists previous research using commercial software in data-gathering 

and analysis, which has been seen as a relevant method for bringing more value 

to research. The accuracy of algorithms can be tested manually, as was done in 

this case, or by comparing the results to other algorithms or utilizing statistical 

methods. Manual content checking of hundreds of thousands of datapoints is 

not possible purely with research purposes and low budgets, such as is 

frequently done with large corporations operating, for example, in India, with 

hundreds or thousands people checking the algorithm results. Statistical 

methods have their limitations as well. However, to answer the question: ”Are 

we measuring what we should be measuring?” would require extensive results 

validation. In this study, the main idea is the comparison of a large dataset to 

offset the effect of classification failures made by the machine in the case of a 

single media hit, and this thesis indicates the comparability, being in line with 

the literature and against other data series. The achieved accuracy of 

approximately 74% for large datasets is clearly adequate, if the comparison 

point would be making the same analysis by human labor and research setting 

is indicative with increased probability, not causal. The main argument for the 

global energy media sentiment studies in this dissertation can be described as 

follows. 
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Fig. 44. Error effect to data series comparability. 

From Figure 44 it is visible that the error which is presented in a similar way in all 

the analyzed data series does not largely affect the comparability of data. So 

statements like: globally, people seem to know and like wind power don’t so much 

know, but like biomass power, are possible. 

1. The dataset analysis for single technology is approximately 74% correct, and 

is comparable against other data series, thus taken from the same time range 

with same method, which is objective (Figure 44).2) The fact that differences 

exist is one relevant result.  

2. The fact that results match literature (Devine-Wright 2007; Wallquist 2011) 

partly validate the used methodology.  

3. This is a basis for further research: can this type of method be used in similar 

cases elsewhere and refined for more detailed analysis and also accuracy?  

4. The standard for an adequate level of results validation would need to be 

created in order to further advance the research in this field via standard 
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research practices and also an approval process. In this dissertation, a large 

amount of extra effort was put to the results validation.  

The main challenge was that also based on literature, the algorithm-based methods 

can be labeled as “black box”; due to the complexity of the algorithms used and 

IPR issues protecting them, you can in most cases only describe the principles of 

how the method works and then compare the results. Sure, there are plenty of 

statistical methods, but these have limitations in results validation as well. In this 

dissertation, it could be said that the method is “validated box”; it is based on 

commercial software (due to observed reliability and inter-company validation 

during several years), it has been described how it generally works, and results have 

been reviewed in ten journal articles, one master’s thesis (Nuortimo, 2015), one 

doctoral thesis (Nuortimo, 2020), and also specifically in one research article from 

the difficult SoMe firestorm case (Nuortimo et al., 2020b) to verify the accuracy of 

sentiment classification (result 74% with difficult case). This results validation is 

described as Figure 45. 

Fig. 45. Research method validation. 

To answer the open issue of what level of results validation is required in algorithm-

based digital humanities research is challenging, while the method accuracy is in 

many cases algorithm-dependent. At the same time, the complexity of algorithms 

make the comparison challenging, so that it can be usually made mostly by 

comparing the inputs and outputs requiring human labor. So how much results 
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validation would you need in an academic dissertation? The requirement of reading 

through over 250,000 data points would fall far beyond any doctoral thesis, thus it 

could take thousands of years or a very large group of people to go through that 

amount of data, or several hundreds of thousands €’s worth of human labor. As such, 

this type of approach seems mostly not feasible in algorithm-based digital 

humanities research. Also, if the algorithm transparency requirement would be 

placed as a first priority in approval process, then the utilization of commercial, 

well-established software with observed accuracy and long lead time for 

development and testing, in this case accompanied by several years of 

computational linguistics research, with possible other advances such as inclusion 

of payable sources, would get disadvantaged 

Table 10 presents an example research case with a comparison of algorithm-

based results and human-made analysis, with comparison to traditional analysis. 

Table 10. Example comparison of algorithm-based research with human analysis. 

Topic Algorithm-based approach Human-based approach 

Research question:Do they prefer/like 

my product/technology/company 

globally over other solutions? 

Opinion mined sentiment, 

500,000 data points: fast, 1-2 

days, software license can 

cost €1000/month, app. 80% 

accuracy 

Researchers doing manual 

content reading/interviewing 

globally: researchers reviewing 

500,000 people/media hits 10 

minutes/hit or person:avg cost 52 

man years with 1600 h/year, 

yearly salary €20,000, total app. 

cost €1,040,000 

What are the main themes/topics 

presented  

Needs human validation to 

discover main topics 

Inherent in 

classification/discourse analysis 

etc. possible to discover latent 

content 

One day media hits classified/PCS 200,000 30 

Example classification accuracy 

between 8-10 

80% 95% 

Accuracy between 10-12 80% 85% 

Accuracy between 12-14 80% 75% 

Accuracy between 14-16 80% 45% 

Also, when comparing to qualitative methods such as research interviews, they 

might possess some advantages, including possible facilitation of a more complete 

flow of knowledge when the answers are not confined to the responses and 

categories anticipated by the researcher. This might help in dealing with value-
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laden and subjective issues, so the suggestion for the best result would be to use a 

compilation of automated methods and human-based methods. In this study, no 

content analysis for the global data was committed in the case of energy 

technologies. Any framing or other discourse analysis methods were chosen to not 

be used for this dataset. Also, the global energy technology media sentiment does 

not reveal the factors behind the local differences in the media sentiment, ones that 

have value at local and detailed levels, so it was complemented with further 

analysis in some cases. 

The answers to research questions are presented as table 11. 

Table 11. Answers to research questions. 

RQ# Research question Answer to question 

RQ Main research question: 

How does opinion mining apply as a digital 

humanities research method? 

Opinion mining provides possible means 

to analyze both static sentiments 

towards different topics, as well as 

SoMe firestorms/scandals fast from 

large dataset. Does not provide any 

details, would be best if complemented 

with human analysis with hybrid 

approach.  

RQ1 What is the global media sentiment of solar 

power? 

What has been the sentiment towards solar 

power in editorial content/social media?  

Answer is: large, positive. 

RQ2 What is the global media sentiment of wind 

power? 

What has been the sentiment towards wind 

power in editorial content/social media?  

Answer is: large, positive with 

differences in country level 

RQ3 What is the global media sentiment of biomass 

power? 

What has been the sentiment towards biomass 

power in editorial content/social media?  

Answer is: positive, with smallest 

amount of hits. Fairly unknown 

compared to other renewables 

RQ4 What is the global media sentiment of 

hydropower? 

What has been the sentiment towards 

hydropower in editorial content/social media?  

Answer is: positive, mainly in editorial 

media. 

RQ5 How does renewable energy sentiment compare 

to nuclear power?  

The global nuclear power media 

sentiment is more negative than for 

renewable power, also with regional 

differences. 
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RQ# Research question Answer to question 

RQ6 What are the strategies used by companies to 

counteract negative product sentiment in 

corporate communications, case nuclear power? 

How does human made analysis complement 

hybrid approach? 

There are multiple ways to create 

persuasive and risk mitigating content in 

corporate PR-communication function. 

In human part of hybrid approach, latent 

content is possible to be analyzed, 

however, different people find different 

things in texts, being more subjective. 

Further discussion of research questions: 

Main RQ: On the basis of the literature and data analysis, it seems evident that the 

opinion mining approach can be utilized mostly for large dataset analysis as the 

first part of a hybrid approach, mainly in the beginning of the research with certain 

limitations, and would be complemented with more detailed analysis in the latter 

parts of the research. Opinion mining provides a possible means to analyze both 

static sentiments towards different topics as well as SoMe firestorms/scandals fast 

from a large data set. Generally, when editorial attention is compared against SoMe, 

it can be observed that wind and solar have increased SoMe attention, compared to 

biomass and nuclear. Usually in communication literature, if something is unknown, 

it also has a more negative outcome (McCorcindale et al., 2013). 

However, with opinion mining, it is more difficult to get to a detailed topical 

level and would be best if complemented with human content analysis and hybrid 

approach. Results validation is emphasized; thus the used algorithms are not 100% 

reliable. Human interaction is needed in several phases of research to make sure 

that we are measuring what was intended to be measured. The analogy of opinion 

mining as a thermometer inserted to social media brings almost immediate 

reasoning that you should know where to insert the thermometer, how long, and in 

what way it should be kept there. In this context, the knowledge of computational 

linguistics will be emphasized.  

Concerning the media influence on power technology sentiment in this 

dissertation, it has been left indicative, but with increased possibility, so that, for 

example, solar power’s positive sentiment would also most probably influence 

deployment of the technology, but this would not be by far as straightforward as in 

the case of SoMe firestorms (Nuortimo et al., 2020b). This issue has been discussed 

in more details in the author’s dissertation (Nuortimo, 2020). 
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RQ1. The media sentiment of solar power has been clearly positive in both 

editorial content and especially in SoMe. 

RQ2. Wind power seems to be well accepted in editorial media and in SoMe, 

having the largest amount of positive hits, mainly on Twitter. Especially 

offshore wind, which isn’t in anyone’s backyard, received almost fully positive 

hits in editorial and social media. 

RQ3. Biomass power is clearly not perceived to be as popular as solar or wind, 

with the lowest amount of media hits and polarized equally positive/negative 

sentiment in SoMe, thus clearly benefiting from some communication. 

RQ4. For hydropower, due to the largest-of-all amount of editorial hits and 

over four times lower amount of social media hits, the social media effect can 

also be considered to be of a smaller influence in the case of hydropower, with 

an implication to interspecialistic communication stage, due to channels with 

longer types of communication emphasized. The deviation between sentiments 

in different social media sources indicate that blog writing has attracted most 

of the positive social media attention, so the longform SoMe communication 

can be considered to make more thorough statements on the issue, thus 

communicating more similarly to editorial content.  

RQ5. In comparison with renewable power, global nuclear power media 

sentiment is more negative, also with regional differences. This is evident with 

sentiment on the country- and project/company-levels, where seemingly, for 

example, PR-communication has provided content to editorial media. 

RQ6.There exist plenty of ways to incorporate persuasive rhetoric in corporate 

communications of companies deploying technologies with perceived risks. 

Also in the human research-based part of the hybrid approach, latent content 

can be analyzed, however, with the implication that different people find 

different things in texts. This is a subjective process and would benefit from 

larger groups of researchers. In the case of Fennovoima, positive claims 

included issues like cooperation between stakeholders/company as part of 

community, positive influence to employment/economy, environmental 

friendliness, supply security in electricity production, etc., in addition to risk 

mitigation and popularization content, falling under the area of science 

communication (Table 7). 
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4 Discussion 

4.1 Theoretical Implications 

Findings from results have mainly implications for the research method 

development perspective. This dissertation focuses on literature from 

communication and social media influence and highlights public acceptance status 

of power technologies as a comparison point to global power technology sentiment 

analysis. Furthermore, as a method application, computational linguistics and 

opinion mining are presented as a part of hybrid research approach. Based on 

opinion mining analysis, when different power production technologies are 

concerned, it is clear that solar and wind power have the most positive global media 

sentiment. Biomass power is clearly more unknown with some perceived risks. 

Hydropower is more present in editorial media.  

However, as a comparison, the media sentiment of renewable power is 

completely opposite to nuclear power, matching the view from sociological 

literature. So algorithms got mostly similar results to human-based researchers 

during years of study, of course without getting to a detailed level. This is also an 

issue which has been questioned in journal article review processes: is there any 

contribution in this thesis, because we all knew the results beforehand? The main 

point is that algorithms got seemingly fitting results while mining global media 

sentiment in a fraction of the time compared to several years of sociological studies, 

while making its contribution to research method development. This is a new type 

of approach compared to several questionnaires, or interview-based studies with 

moderate datasets of some hundred data points in addition to human-made media 

analysis committed via reading articles and making content, framing and discourse 

analyses, or rhetoric studies. The method has its pros and cons when compared to 

more qualitative studies. The theory base is constructed by using applicable 

literature and is tested empirically. From the ratio between communication in 

editorial media and SoMe, there could be found implications to the communication 

funnel of Bucci et al. (2008), where the stage in the funnel could have some 

implication by observing the editorial/SoMe communication ratio. This could be in 

cases of wind and solar power with larger shares of SoMe hits, contrasted with 

biomass and hydropower with more editorial hits. Furthermore, this study 

emphasizes the importance of technology media sentiment, and especially social 

media sentiment, as a driver for corporate-level actions. 
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The main methodological implication is related to opinion mining and large 

dataset analytics-based methods, and to the hybrid approach. As a scientific 

implication, this study agrees with the findings by Lewis et al. (2013) and Mahr & 

Scharkow (2013) that the best overall result would be obtained with a hybrid 

approach, combination of algorithm-based tools and human researchers. This was 

visible in the group exercise of 20 students analyzing the corporate brochure and 

finding several different persuasive elements, bringing more accurate analysis, but 

at the same time, more subjective as well. Thus, it seems that we are on the verge 

of a possible methodological paradigm shift, and this thesis is a forerunner in 

shedding light on possible changes to come. This application is evidently part of a 

much larger digitalization megatrend, where machines and AI are taking much 

larger roles in different research fields. 

Table 12. Theoretical implications. 

Key findings Research 

question 

Theoretical implications 

According to the literature, solar power is well 

accepted 

RQ1 The issue can be researched with opinion 

mining with similar results.  

According to the literature, wind power is well 

accepted 

RQ2 The issue can be researched with opinion 

mining with similar results.  

According to the literature, biomass power has 

some challenges is media-coverage 

RQ3 The issue can be researched with opinion 

mining with similar results.  

According to the literature, hydro power is well 

accepted 

RQ4 The issue can be researched with opinion 

mining with similar results 

In contrast to renewable energy, according to 

the literature, nuclear power has challenges in 

public acceptance 

RQ5 The issue can be researched with opinion 

mining with similar results 

Companies use different strategies to 

counteract negative product sentiment in 

corporate communications, in the case of 

nuclear power. Human made analysis can 

complement hybrid research approach in 

research of this topic. 

RQ6 There is implication, that used corporate 

rhetoric is visible in company sentiment 

analysis in case on nuclear power. Human 

made analysis found several persuasive 

elements from corporate communications 

brochure to deepen the machine made 

analysis in hybrid research approach. 
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Key findings Research 

question 

Theoretical implications 

Existing digital humanities/communication 

research methodologies do not yet fully take 

advantage from large dataset sentiment 

analysisc 

Overall 

implication 

In the future, opinion mining can be utilized 

to form global media sentiment from any 

issue. Algorithms can not yet entirely 

replace human due to inaccuracies, thus 

hybrid approach is preferred. Software 

development will decrease the error % due 

to development of sarcasm and irony 

detection etc. 

Due to error presented in large-scale data analysis, and also challenges in 

discovering details with opinion mining, the following comparative hybrid 

approach, a combination of automated analysis and detailed human analysis, is 

suggested as Figure 46. 

Fig. 46. Hybrid research approach:combination of algorithm based research with 

human work. 

Based on research questions 5 and 6, and also RQs 1-4 as a comparison point for 

the first stage, from Figure 46 it is visible that algorithm-based research is 

beneficial in focusing the research from large-scale data analytics fast to a detailed 

topical level, where mainly human-made detailed analysis is preferred, especially 

to discern the latent content and get the concrete-level outcome—for example, to a 

corporate communications function. The figure is indicative, in a way, that analysis 
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methods such as media framing can already be applied for larger datasets, and the 

whole research process is supervised by humans. This approach was demonstrated 

in this dissertation with nuclear power as follows: 1) Large-scale data analytics 

were compared to renewable power with the implication that despite being near-

CO2-neutral, nuclear power has more negative global media sentiment than 

renewable power. 2) This finding focused the research to nuclear power media 

sentiment in different countries with observed differences, with Finland and UK 

clearly more positive than other countries. 3) This led to the case selection, focusing 

on the Fennovoima company in Finland deploying nuclear power, which as a 

project company had clearly more positive, especially editorial, media sentiment 

than nuclear power globally, indicating a possible means of influence in the 

communications, marketing and PR-communications function of the company 

locally. 4) From the selected Fennovoima case, a more detailed analysis was made 

to discover means of influence via corporate PR-communications/marketing 

communications used to counteract the negative global nuclear power media 

sentiment. This was studied with a qualitative human researcher-based 

communication analysis method with the help of 20 students making 

rhetoric/discourse analysis, which were classified and counted. This method’s 

results were also compared against opinion mining results. This step finally gave 

the details of communication content used by the company, and also an example of 

how human content analysts find different, also latent, elements from the text; for 

the comparative study, this process brought out the final comparison point to form 

the hybrid approach used in this dissertation.   

In the case of wind power, this similar research process went like this: 1) Wind 

power has high positive global media sentiment compared to other renewables, and 

nuclear power especially, in social media. 2) There exist differences in country-

level sentiment suggesting that some factors influence media sentiment locally. The 

differences on the country level can be seen to somewhat correlate against 

deployment on the country level, where large positive media sentiment would 

increase the deployment, but this result is left unproven and speculative in this 

dissertation due to inadequate level of data analysis. 3) As a comparison to literature, 

offshore wind would possess the lowest level of local resistance. 4) Project-specific 

analysis indicated that offshore wind projects have generally a very low quantity of 

negative sentiment posts, especially compared to nuclear power. At the detailed 

level, offshore wind projects are on a completely different positive scale compared 

to nuclear projects. This is an indication that communication efforts related to wind 

power would be need to be directed to land-based windmills and do not necessarily 
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need to consist of only risk-mitigating messages. Detailed human-based analysis of 

media content would not be the first priority in this case; some conclusions can be 

made solely from large-scale analytics->wind power has large positive global 

sentiment and, on a local level, offshore power does not have much presence in 

SoMe, as such indication of near-zero negative content. 

This generalization highlights that the main benefit from large dataset analysis 

comes from data series comparability, which helps in focusing the research subject 

reliably enough. Results of analyses can be used for focusing communication 

efforts inside the companies/organization or in research. Compared to traditional 

framing analysis, such as utilized by Harju (2019), algorithm-based analysis could 

be used as a first step in a hybrid approach to get a wider global view on a subject 

to get a comparison point for deeper local content analysis fast. The more-detailed 

level would then include traditional communication analysis methods, such as 

framing and discourse analysis by human researchers; humans are also needed for 

results validation in first steps. The whole research process would anyhow need 

human guidance. The summary of comparing the results roughly follows: 1) 

Opinion mining results compare against each other; logical differences exist in data 

series; 2) Opinion mining results are almost a complete match to literature; 3) 

Opinion mining differs from traditional methods in ways described in this 

dissertation; 4) Traditional method results match opinion mining results; also the 

end result of the comparison is to use traditional research methods to complement 

opinion mining results in the hybrid research approach. 

It is to be noted that now when algorithm-based methods are developing, for 

example, sarcasm and irony detection, the whole suggested research process can 

move to the direction where the role of a human researcher is continuously 

diminishing., and general standards for digital humanities studies apply (Figure 47). 
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Fig. 47. Research method development timeline. 

Figure 47 describes indicatively the development of digital humanities research 

methods on a timeline. During the making of this dissertation, the research still 

concentrated more on experimental phase 1, although available methods and 

software, both commercial and open-source, already exist (Kumar, 2017). These 

are not, however, completely standardized yet for research purposes and would 

need some further validation, general standards for quality, and approval in 

different stages. As the computational and algorithms develop dramatically, it is yet 

a question of time, when the accuracy and reliability surpass human capabilities in 

some areas. When latent contents in texts, etc. are in question, this can be a very 

long process. However, also visible from this dissertation is that for some tasks 

methods can already fairly reliably be applied to gain new research insights, which 

was not previously possible.  

This development can result in the increase of ethical questions related to 

algorithm-based research in the future with wide implications, such as is now the 

case, for example, in self-driving cars (e.g., where the car hits when avoiding a 

collision, Nyholm & Smids, 2016). As one particular point of comparison with the 

previous example: if the self-driving car also had the same accuracy as in this 

opinion mining study, it would be driving 20% off-road and hitting objects 

predefined by the algorithms. More related to this dissertation study field, 

algorithm-generated SoMe filter bubbles, which can restrict users’ access to 
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information sources outside their comfort zone and polarize opinions, can be 

considered an ethical challenge. 

4.2 Practical Implications 

Managerial implications of this thesis are mainly related to the utilization of new 

media analysis research methods to check out media sentiment to aid in corporate 

communication. This method can be applied to finding out media sentiments and 

also changes in them—for example, during the time of international events, 

towards technologies. Furthermore, for managers planning or involved in corporate 

communications, this thesis highlights the need for public engagement and 

addresses the urgency of social media participation. Also, from the detailed 

Fennovoima analysis, possible ways to influence the public are presented, 

affirming the need for detailed analysis as the last part of a hybrid approach from 

larger dataset analytics to human-based rhetoric analysis. From the detailed human-

made analysis, persuasive rhetoric can be discovered to aid in communication. 

By using SoMe scanning, the points of most resistance can be identified and 

targeted with further actions (for example, positive PR communication), and results 

from action can be monitored in real-time. The presence of opposition groups is 

also fairly easy to spot from social media.  

Findings from results indicate that from the case of media technology 

sentiment, the role of popular communication via SoMe seems to be emphasized. 

So when thinking of resourcing a company’s PR-communication function, it could 

be an obvious point of focus for power companies with technologies having a less-

positive sentiment or for large projects, such as those of companies deploying 

nuclear power. When considering the effect of relevant international events, such 

as the global climate negotiation Paris COP 21, media attention seems to be 

somewhat affected. International events seem to polarize the media sentiment, 

furthermore, for more popular technologies, and technologies in earlier stages in 

the communication funnel could be one possible place to target PR-communication 

efforts. 

It would seem that the main benefits of the results are in figuring out global 

trends by using a larger dataset than previous studies, although this dissertation 

presents one year of levelized cut from that trend for better comparability. Also this 

study highlights well the differences in channels of communication. The role of 

SoMe is continuously increasing and presents challenges for communicators: a 
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firestorm can erupt or product sentiments can decrease with possible negative 

effects, requiring crisis communication efforts.  

Table 13. Practical implications. 

Key findings Research 

question 

Practical implications 

Solar power has large positive global media 

sentiment 

RQ1 Companies and research organizations 

dealing with solar power can utilize (and 

further measure solar power sentiment) in 

their communication. Positive sentiment 

gives possibilities to highlight benefits in 

corporate communications. No need for 

extensive communication to diminish risk 

experience. 

Wind power has large positive global media 

sentiment 

RQ2 Media sentiment is positive with possibilities 

to highlight benefits in corporate 

communications. Especially offshore wind 

power projects have low SoMe negative %, 

so that communication efforts would need to 

be directed to land-based windmills. No 

need for extensive communication to 

diminish risk experience. 

Biomass power has small but positive global 

media sentiment 

RQ3 Companies and research organizations 

dealing with biomass power can utilize this 

information in their communication. Media 

analysis can reveal issues that need to be 

tackled in corporate communications 

concerning perceived risks in biomass 

power production. 

Hydropower has large positive editorial media 

sentiment 

RQ4 Companies and research organizations 

dealing with hydropower can utilize this 

information in their communication. Media 

analysis can reveal issues that need to be 

tackled in corporate communications 

concerning perceived risks in hydropower 

production, mainly related to reservoir 

construction. 

As a comparison with renewable energy, 

nuclear power has large negative editorial and 

SoMe sentiment with differences at country- 

and project level. 

RQ5 Nuclear power would need completely 

different actions/communication in corporate 

level compared to renewable power 

including persuasion and risk mitigation. 
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Key findings Research 

question 

Practical implications 

Companies use different communication 

strategies to counteract negative product 

sentiment in corporate communications in 

case of nuclear power. 

RQ6 Human-made analysis can complement 

hybrid approach in finding out persuasive 

elements with latent content from text after 

finding correct topical focus via larger scale 

data analytics. This can be utilized in 

corporate communications. 

Digitalization increases the opportunities for 

large-scale steady state and SoMe firestorm 

data analysis, thus helping to focus corporate 

communications.. 

Overall 

implication 

Companies and research organizations can 

take advantage of opinion mining in 

research and communication planning and 

execution. Allows faster reaction in 

corporations to events such as SoMe 

firestorms and trend changes. Due the 

increase in algorithm sentiment 

classification accuracy in the future, the 

relevance of algorithm-based approach is 

seen to increase. Level of achieved data 

validation is emphasized. 

4.3 Reliability and validity 

The limitations of this study include the analyzed media sentiment being limited to 

those classifications possible with the keywords, and also to the language used (in 

this case, English). Hence, utilizing other keywords might provide slightly different 

results. Results correctness level, after extensive validation, remains still somewhat 

undefined, however, it is assumed to be on the level of 70-80%. The selected scope 

of data includes, for example: 1) editorial hits reposted to social media, 2) opinion 

writings in editorial media, 3) all news, SoMe posts etc. made for PR purposes, and 

4) spam, trolls, fake news, etc. in social media. It is to be noted that with large-scale 

data analysis, the effect of these is somewhat diluted. 5) Only mostly English SoMe 

posts are included in the case of energy technologies, thus the SoMe sentiment is 

most accurate in English-speaking countries in that case. 6) Expert opinions are 

also presented in SoMe, not just those of laypeople. 7) This study also does not 

consider deeply ethics related to opinion mining issues 8) 20 students is only a 

limited validation for the Fennovoima brochure analysis.  

In 10 journal articles, one master’s thesis (Nuortimo, 2015), dissertation 

(Nuortimo, 2020) and in SoMe firestorm analytics article (Nuortimo et al., 2020b), 

this method was tested and also complemented with human analysis, with an 
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indication that it fails in cases where the subject of the document is decreasing risk 

related to the issue in question but is not visible in the text structure, having more 

latent content. Furthermore, shorter texts are easier to classify than longer ones.  

So it is fairly evident that this type of approach would be well complemented 

by qualitative human researcher-based methods, presented as Figure 46. Also, the 

ability of the software does set some limitations on the extent of possible time 

periods to be analyzed, yet still allowing enough time to analyze extensive datasets. 

The important local media sentiment has also not been fully analyzed. 

According to Bryman and Bell (2003), the reliability and validity of qualitative 

research can be assessed by answering the following four questions: 

1. How trustworthy are the results? 

2. Are the results valid in another environment? 

3. Are the findings likely to occur at other times (repeatability)? 

4. To what extent have the researcher’s own values influenced the results? 

Reliability 

The overall reliability of the study is a summary from partial reliability of each 

technology media sentiment analysis. This is largely affected by the accuracy of 

software used in media sentiment analysis enhanced with machine learning, which 

is estimated to be 80% (tested 74% with difficult case), and is more accurate with 

large datasets, which are also fairly reliably comparable to each other. The general 

external validity is good, since results can be fairly well generalized worldwide; 

thus the analysis made is based on global sources. The internal validity of the study 

is based on the thesis structure. The internal logical structure is tightly connected 

to the literature view, so that results are in line with literature. Comparison against 

other data series matches with the estimated end result, being relevant as data series 

are comparable against each other. 

Validity in another environment 

It is to be noted that media sentiment can change, causing yet another uncertainty 

factor. Currently, a high level of factors causing uncertainty for all renewable 

energy forms exists. 
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Repeatability 

The study is repeatable as such—just buy the software license and type in the search 

words, or read through the Fennovoima brochure. However, due to the uncertainties 

in the method used, it is not 100% sure that the conclusion reached is correct in the 

long term, or that the solution would be similarly valid, for example, after five years. 

This thesis provides the conclusion from the basis of the current situation, and if 

these factors change based on technical, commercial, political, or media sentiment-

related issues, it might result in a different conclusion after some time has passed. 

This type of approach would form a basis for trend follow-up. 

Objectivity 

Due to the nature of this study, it is to be noted that the results of this study are 

anyhow partly the views of the researcher, who has made most of his career in the 

international energy industry doing market and media analytics. Although backed 

up by several media study examples and current common understanding of the 

digital humanities research branch, the data on which the conclusions of this study 

is based still is incomplete, subject to errors both from algorithms and from humans, 

not 100% validated, and subject to change. The objective and subjective views 

related to this research are presented as Table 14. 

Table 14. Views of researcher vs. objectivity. 

Views of researcher/partly subjective, experience-

based 

What can be said scientifically/objective 

Machine makes sentiment analysis reliably 

enough and fast for trend and SoMe firestorm 

analysis. Based on user experiences from several 

years, sentiment classification has proven the 

general accuracy level of app. 80% with the used 

software. Only rare cases of corporate 

communication are usually classified as negative. 

a) In the case of static global technology sentiment 

analysis, machine-made analysis is not accurate 

enough for purely sociological purposes requiring 

more qualitative approach. It does not tell exactly, 

what the respondents are thinking. However, they 

might not tell that to themselves either.  

b) In the case of SoMe firestorms (Nuortimo et al., 

2020b), the benefits of visualizing the negative media 

spike are essential for definition of actions. In this 

case, 10% of the data set was manually validated 

(total hits 3330/328 selected, app 74% were correct). 



120 

Views of researcher/partly subjective, experience-

based 

What can be said scientifically/objective 

Results validation level in this study is adequate 

enough for indicative study purposes with method 

testing scope. 

Results validation level would be beneficial to be 

increased. Due to lack of standard for data validation, 

it would be beneficial for the general requirements to 

be created for digital humanities studies.  

4.4 Recommendations for further research 

Agreeing with the results from literature, there seems to be a need for research that 

combines algorithm-based research with human research. The more quantitative 

type of approach used in this dissertation might be most useful to spot larger trends 

and could be complimented by human-based analysis to further deepen the text 

analysis, such as rhetoric, framing and discourse analysis, along with 

questionnaires and interviews, as a part of hybrid research approach. An obvious 

topic for further studies is trying to find correlations between technology’s media 

sentiment and deployment, a task which would require significant research 

contribution. This was partly also discussed separately in the author’s dissertation 

(Nuortimo, 2020). 

One topic to consider is the formulation of general standards for results 

validation in digital humanities research. This would address the “black box” 

dilemma and would be an essential factor in advancing the whole digital humanities 

research branch. 

A completely different large research area would be ethical questions related 

to an algorithm-based research. 

A totally separate and thus interesting area for further research would be 

automated machine learning methods, to develop and compare systems for different 

applications, falling in the area of information technology. There are several 

subjects that could be researched with Big Data analytics. 
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