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Abstract
The subject of this thesis is everyday energy information literacy (EEIL) among Finns. The
purpose is to present a theoretical definition of EEIL and a related measure. The study has a novel
approach integrating information literacy and energy literacy.
During the research process, a narrow EEIL definition and measure emphasising
metacognitive competencies was elaborated and augmented to incorporate energy knowledge,
values, attitudes and behaviour in the context of energy and climate change. The empirical data
were collected from three populations: students of the University of Oulu (n = 1,390) in 2017,
residents of Ii, a pioneering municipality in striving for carbon neutrality (n = 92) and a random
sample of 2,000 Finns (n = 323) in 2018. The data were analysed statistically using multivariate
methods and classical linear models.
The results indicate that the Finns’ EEIL is multidimensional, and perceived competence
within these dimensions vary across their background characteristics. Younger Finns have more
energy knowledge and better access to information, while older Finns are more likely to have
better awareness in utilising energy information in everyday life. Women have more positive
attitudes towards energy in relation to climate change mitigation, while men are more likely to be
confident in finding and evaluating energy information. Educational level and familiarity with
energy-related matters were found to be positively associated with energy knowledge and access
to energy information. Based on the results, residence in a pioneering municipality in striving for
carbon neutrality is not reflected in the households’ EEIL.
This thesis provides novel knowledge of Finns’ EEIL. The results indicate that including
values, attitudes and behaviour are necessary for investigating context-specific information
literacy. Developing the concept by integrating subjective and objective measurements offers
insights for research within related fields. A measure based on a comprehensive definition can
provide a more nuanced understanding of the EEIL of different groups. These indicative results
may be utilised in energy education and communication striving for climate priorities.

Keywords: climate change, context-specific literacies, energy information literacy,
energy literacy, energy transition, everyday life, Finns, households, information literacy,
university students

Keränen, Teija, Arkielämän energiatiedon lukutaito. Käsitteen määrittely ja
empiirinen tutkimus suomalaisten keskuudessa
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Tiivistelmä
Väitöskirjan aiheena on arkielämän energiatiedon lukutaito suomalaisten keskuudessa. Tutkimuksen tarkoituksena on kehittää arkielämän energiatiedon lukutaidon teoreettinen määritelmä
ja siihen perustuva mittari. Väitöskirja yhdistää uudella tavalla informaatiolukutaidon ja energialukutaidon tutkimusta.
Väitöstutkimuksessa laajensin aikaisemmin esittämääni yksilön metakognitiivisiin kompetensseihin painottuvaa energiatiedon lukutaidon määritelmää ja mittaria. Laajennuksen myötä ne
kattoivat myös tietämystä sekä arvoja, asenteita ja käyttäytymistä energian ja ilmastonmuutoksen kontekstissa. Keräsin aineiston kolmesta populaatiosta: Oulun yliopiston opiskelijoilta vuonna 2017 (n = 1390) sekä väestöpohjaisella otannalla suomalaisilta kotitalouksilta (n = 323) ja
ilmastotyön edelläkävijäkunnan Iin asukkailta (n = 92) vuonna 2018. Analysoin aineiston tilastollisesti monimuuttujamenetelmiä sekä klassisia lineaarisia malleja hyödyntäen.
Tulokset osoittavat, että suomalaisten energiatiedon lukutaito koostuu useista osa-alueista, ja
koettu osaaminen näillä osa-alueilla vaihtelee heidän taustatekijöidensä mukaan. Nuoremmilla
ikäryhmillä korostuu energiatietämys sekä pääsy tietoon ja vanhemmilla painottuu energiatiedon hyödyntäminen arjessa. Naisten asenteet energia-asioihin ilmastonmuutoksen hillitsemiseksi ovat positiivisemmat. Miehet puolestaan ovat itsevarmempia energiatiedon löytämisessä ja
arvioinnissa. Koulutustaso ja osaaminen energia-asioissa korostuvat energiatietämyksessä ja tietoon pääsyssä. Kunnan edelläkävijyys hiilineutraalisuuteen pyrkimisessä ei tulosten mukaan heijastu kotitalouksien energiatiedon lukutaitoon.
Tutkimus tuottaa uutta tietoa suomalaisten arkielämän energiatiedon lukutaidosta. Tulokset
osoittavat, että informaatiolukutaidon aihe- ja tilannesidonnaisessa tarkastelussa on tutkittava
myös arvoja, asenteita ja käyttäytymistä. Käsitteen kehittämisessä subjektiivisen ja objektiivisen mittaamisen yhdistäminen tuo uuden näkökulman myös lähikäsitteiden tutkimukseen eri tieteenaloilla. Laajaan määritelmään perustuva mittari voi antaa entistä selkeämmän kuvan eri ryhmien energiatiedon lukutaidosta. Tulokset ovat suuntaa antavia. Niitä voidaan hyödyntää koulutuksen ja viestinnän suunnittelussa ilmastotavoitteiden saavuttamiseksi.

Asiasanat: arkielämä, energialukutaito, energiamurros, energiatiedon lukutaito,
ilmastonmuutos, informaatiolukutaito, kontekstisidonnaiset lukutaidot, kotitaloudet,
suomalaiset, yliopisto-opiskelijat
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1

Introduction

1.1

Information competencies as a way to contribute to mitigating
climate change

Global warming is threatening life on earth. Greenhouse gas emissions are viewed
as one reason for this global development. Therefore, the need to reduce
greenhouse gas emissions to mitigate climate change is evident (Intergovernmental
Panel on Climate Change, 2018; International Energy Agency, 2015, 2020; United
Nations [UN], 2015). Better integration of research with a more problem-oriented
approach has been suggested to address climate issues (Pearce, Mahony, & Raman,
2018; Snoeijs-Leijonmalm et al., 2017; Sovacool, 2014). Energy consumption is
an issue whose impact on climate is clear, and the potential of renewable energy to
reduce greenhouse gas emissions has been increasingly discussed in several forums
over the years. For example, the UN’s (2015) Sustainable Development Goal
Blueprint aims for a sustainable future in several sectors, many of them related to
energy. The goals include climate action (Goal 13), affordable and clean energy
(Goal 7), responsible consumption and production (Goal 12) and sustainable cities
and communities (Goal 11).
People and the way they live their everyday lives have an important role in
moving towards a sustainable future. Global problems caused by energy
consumption can be addressed by reducing energy consumption and transiting
towards renewable sources (Kastner & Stern, 2015). The energy-related decisions
people and households make in their daily lives have a role in the energy transition.
However, according to the International Energy Agency (2015), predicting
everyday practices and transforming them in the residential sector can be even more
challenging than in industry. For example, there are difficulties in getting
households to coordinate their energy consumption to maintain the balance of the
power system – although, among other things, a change such as retiming home
electricity use enhances the reduction of greenhouse gas emissions (KopsakangasSavolainen, Mattinen, Manninen, & Nissinen, 2017). As people’s understanding of
energy issues guides these decisions, the need to educate people is considered
crucial in tackling the climate crisis (UN, 2017).
The energy transition requires people to have sufficient competencies to deal
with energy information. Information and agendas related to energy abound, and
people should be able to distinguish misinformation from such information they
17

can rely on in their everyday decisions on energy issues. This has importance –
misinformation and how to deal with it is pointed out as a relevant aspect to climate
change research (Luís, 2018). However, finding, evaluating, understanding and
using energy information is not a simple task. The energy system and related
terminology are complex. In addition, this societal challenge is a delicate issue that
is related to political and financial agendas. Besides information access and
evaluation, there is an ongoing discussion of examining people’s attitudes related
to climate issues (Alexander, Freeman, & Angel, 2018; Sovacool & Blyth, 2015)
and those of experts (Saxena, Qui, & Robinson, 2018). The debate in contemporary
society concerning climate change and energy is complex and exceeds scientific
facts. Therefore, information literacy (IL) is a vital competence in the context of
energy.
In this study, I examined people’s competencies related to information by
referring to the notion of energy information literacy (EIL) to offer a novel
perspective on people’s awareness of energy issues. This is justified, as people’s
competencies related to energy information may be one of the key issues associated
with tackling the climate crisis. EIL can be understood as people’s energy-related
information competencies that are the basis for making informed choices regarding
energy, and EIL has the potential to provide the means to support people’s decisionmaking in their everyday lives.
The importance of involving people’s everyday life perspectives in discussions
and policies related to mitigating climate change is recognised. The UN (2017)
states, ‘Improving awareness and understanding of climate change and creating
solutions to facilitate access to information on a changing climate are key to
winning public support for climate-related policies’. Since Finns have a high
academic educational level (Organisation for Economic Co-operation and
Development, 2018) and Finns’ literacies are of a high international standard
(Programme for International Student Assessment, 2015), the Finnish population
favourably exemplifies the required context to study literacies in different forms.
Finland has a high level of technology development, and its domestic fossil fuel
resources are scarce (Official Statistics of Finland, 2019a). Thus, Finland has the
potential to be amongst the world leaders in enhancing renewable energy resources.
As a part of the European Union (2019), Finland is committed to the Green Deal
launched by the body. The Green Deal addresses the challenges of global warming
and aims for Europe to be the first climate-neutral continent by 2050 (European
Commission, 2020). Also, in this road map, renewable energy and energy
efficiency are determined as essential in achieving this goal since over 75% of the
18

greenhouse gas emissions within the European Union are derived from producing
and using energy (European Commission, 2019). Furthermore, Finland is a fruitful
test field for this study because of the ambitious goal of the Finnish government to
be carbon neutral by 2035 (Finnish Government, 2019; Institute for Global
Environmental Strategies, Aalto University, and D-mat Ltd, 2019). Achieving this
goal requires increasing the supply and use of renewable energy sources, which
may challenge Finns’ everyday activities.
My doctoral thesis increases understanding of people’s and households’
everyday energy information literacy (EEIL). The thesis contributes theoretically
to the conceptions of IL in everyday life contexts, as I have developed a novel
concept and a related measure for EEIL. The process of developing the concept and
the measure is based on empirical studies among Finns. I started the process in my
master’s thesis (see Keränen, 2017; Keränen, Hirvonen, & Huotari, 2018) by
adapting the Everyday Health Information Literacy (EHIL) screening tool
(Niemelä, Ek, Eriksson-Backa, & Huotari, 2012) to an energy context. In this
doctoral thesis, I further develop the EEIL concept and the measure from a skillbased approach to a broader citizenship perspective. As part of the BCDC Energy
consortium (http://www.bcdcenergia.fi/en/), which strives to find solutions to
maximise the potential of wind and solar energy in the electricity market, and in
collaboration with households, this thesis brings new insights to households’ EEIL.
The novel EEIL measure I present in this thesis may be utilised in practice to
increase the impact of communication related to energy issues for gaining general
acceptance for actions required to mitigate climate change. This represents the
societal impact of my doctoral thesis, as it may support the change in people’s
energy behaviour and therefore contribute to meeting the ambitious climate
objectives of Finland and beyond.
1.2

Information literacy and energy literacy as competencies in
contemporary society

In this doctoral thesis, I integrate the notion of IL with that of energy literacy (EL).
Both refer to information competencies but have different emphases and
approaches. IL stresses information skills and competencies (see Association of
College and Research Libraries [ACRL], 2015; Virkus, 2003), while EL focuses
more on attitudes and contexts (see DeWaters & Powers, 2011). The EL concept is
used in various fields of study. It highlights different dimensions, depending on the
approach – for example, the environmental (see DeWaters & Powers, 2011) or
19

financial point of view is commonly included in EL studies (see Blasch, Boogen,
Filippini, & Kumar, 2017; Brounen, Kok, & Quigley, 2013; Filippini, Kumar, &
Srinivasan, 2020; Kalmi, Trotta, & Kazukauskas, 2017). EL competencies are
rather context-specific and therefore require knowledge of substance. IL, in turn, is
a meta-competency and, to some extent, is transferable from one context to the
other. Even though EL refers to the ability to understand energy-related matters, it
does not recognise the metacognitive processes of finding and using information,
such as recognising information needs and evaluating information (Hepworth,
Almehmadi, & Maynard, 2014). My doctoral thesis contributes to filling this
research gap (Figure 1).

Fig. 1. The main concepts of the study.

The IL concept was originally introduced by Zurkowski (1974) and has since been
extensively studied in the field of library and information studies (ACRL, 2015;
Bruce, Hughes, & Somerville, 2012; Hepworth et al., 2014; Kurbanoğlu,
Akkoyunlu, & Umay, 2006; Kurbanoğlu & Boustany, 2014; Limberg, Sundin, &
Talja, 2012; Virkus, 2003). This research has mainly focused on informationseeking abilities in library and education settings (Limberg & Sundin, 2006;
Webber & Johnston, 2000), which has also shaped the content and form of IL
concepts (Limberg et al., 2012). However, this concentration on library
surroundings has been criticised, and research has expanded to other areas, such as
working life (see Bruce, 1999; Lloyd, 2006). Also, studies on IL and behaviour in
everyday life have received increased interest (Heinström, Sormunen, Savolainen,
& Ek, 2020; Martzoukou & Sayyad Abdi, 2017; Savolainen, 1995). The essential
20

IL competencies related to finding, evaluating and using information are also
recognised by Organisation for Economic Co-operation and Development reports,
although the specific term (IL) may not have been used (Virkus, 2003). Even
though IL has been studied in a variety of everyday contexts, such as health, the
context of energy has remained rather unexamined. This is surprising because
environmental and energy issues have become major problems in society. Also,
studying energy information and energy use from individuals’ and households’
perspectives is a meaningful research topic, especially within everyday IL studies.
From a household’s perspective, energy issues in relation to climate change
may seem complicated. The climate priorities are connected to actions such as
energy conservation and reducing the use of fossil fuels in society, including
housing consumption and transportation (see European Union, 2019). People make
these energy-related decisions in their everyday life, and decision-making is not
always easy. Striving for carbon neutrality, meeting climate priorities and
enhancing the use of renewable energy resources requires skilled and
knowledgeable people. It has been claimed that behavioural sciences can offer
valuable information behind the decision-making processes, such as psychological
and social factors (Kastner & Stern, 2015). According to Sovacool (2014), energy
research among social sciences, such as communication studies, is rare, and the
field of energy research needs to become more holistic and interdisciplinary. IL
stresses recognising the information need and evaluating different information
sources and contents, both crucial in navigating through dynamic energy
information surroundings.
1.3

The aim and structure of the thesis

The aim of this thesis is to increase the understanding of peoples’ EEIL. The
purpose is two-fold: 1) to present a comprehensive definition of EEIL and design a
measure based on this definition and 2) to empirically examine EEIL among
Finnish people – namely, in three populations in Finland. This is justified, as
Finland is among the first countries in the world striving towards carbon neutrality
by the year 2035.
The structure of this thesis is as follows: After this Introduction chapter, in
Chapter 2 the background of this study for defining and measuring EEIL is
presented – including definitions and measures of IL and EL, as well as other
context-specific literacies. Results from earlier research are reviewed in Chapter 3.
The research methodology and empirical studies of this thesis are described in
21

Chapter 4 and the results reported in Chapter 5. After presenting the results of Study
1 and Study 2, the contribution of the thesis to the earlier research is reflected and
ideas for future research outlined in Chapter 6. The main findings are highlighted
in Chapter 7.

22

2

Background of this thesis: Definitions and
measures

To achieve the aim of this thesis, as well as define and develop the concept of EEIL
and a measure for its empirical use, this theoretical part of the study concentrates
on conceptualisations and measures of IL, EL and other related literacies. In this
chapter I present previous studies related to the notion of IL in different contexts
and the notion of EL. I scrutinise the potential similarities and differences of these
conceptions in a comparative manner. Because my doctoral thesis represents library
and information studies, the conceptions of IL presented in previous studies form
the theoretical basis and frame of this study. Because the context of this thesis is
energy, EL studies inform developing the definition of EEIL and, in particular,
contextualising the notion in practice.
Due to the lack of previous research on EIL, I explored parallels in the
conceptions and measures of IL, EL, and health literacy (HL) and health
information literacy (HIL). This extensive body of scholarly research concerning
the construction and interplay of definitions and measures emerging from varying
disciplines provides a fruitful reference point. Specifically, the concept of EHIL
(Niemelä et al., 2012) is relevant for this study, as it was developed to represent IL
competencies relevant in the everyday life health context. This resembles my
approach, in which I integrate the notions of IL and EL to produce a novel notion
of EEIL.
2.1

Information literacy research

2.1.1 Information literacy approaches
In this subchapter I present a brief overview of IL research approaches. Because
my study relates to IL in everyday life and integrates research from different fields,
I am focusing on the core approaches and practical applications based on IL,
especially in the everyday life context.
The division of IL research into two research traditions seems to be prevalent.
For example, Hepworth (2000) states that, traditionally, IL has been approached,
first, as a set of skills or abilities and, second, as based on a constructionist model
– namely, as an experience of an individual to understand reality, including
conceptions of information technology, sources, process, control, knowledge
23

construction and extension, and wisdom. According to Hepworth (2000), the
Information Literacy Competency Standards for Higher Education, which
originated from the late 1980s, represent an example of the first approach. In turn,
the Seven Faces of Information Literacy, introduced by Bruce (1997), is an example
of the second approach (Hepworth, 2000).
The skill-based approach takes a rationalistic view of IL as its point of
departure. Somewhat similarly to Hepworth (2000), Anttiroiko, Lintilä, and
Savolainen (2001) view IL as competence related to knowledge and skills and
identify two different approaches: rationalistic (stable) and interpretative
(experience-based). This set of skills or abilities approach is also recognised by
Virkus (2003), who states that IL may be referred to in different and even
conflicting ways and continues that it has been described as ‘a set of competencies’,
‘information competence skills’, ‘information literacy skills’, ‘skills of information
literacy’, ‘information literacy and skills’ and ‘information literacy
competence/competencies’ (p. 20). Related to this rationalistic approach,
Savolainen (2002) points out that phrases such as ‘competence’ and ‘skill’ are not
always defined by authors, who rather rely on the meaning assumed in general
language (see also Bawden & Robinson, 2020).
Skills and competencies may be considered synonyms, but there is a distinction.
For example, competencies may be considered as broader, more general and
transferrable abilities, while skill is often seen as a learned ability required by a
specific task (see Savolainen, 2002). An example of this broader type of view is
provided by Audunson and Nordlie (2003), who present three categories of the
common concepts included in the notions of IL: technical capabilities, intellectual
capabilities, and communicative competency. According to their view, the notion
of technical capabilities is close to computer literacy, the intellectual capabilities
approach resembles traditional literacy and the communicative competence notion
is a combination of both notions (Audunson & Nordlie, 2003).
Furthermore, Bruce (1997) characterises IL research into three approaches:
1.

2.
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The behaviourist approach – according to which ‘the information user, to be
described as information literate must exhibit behaviours that demonstrate
these abilities’ (Bruce, 1997, pp. 36–37), so the emphasis is on measurable
skills.
The constructivist approach – with emphasis on the learner constructing his or
her own picture of the domain through, for example, problem-based learning.

3.

The relational approach, which starts by describing a phenomenon in terms of
the way in which it is experienced.

The foundation of this thesis is based on the behaviouristic approach and develops
towards a more constructivist approach, having features of both approaches. The
definition of IL from the late 1980s has its foundation in the behaviouristic
approach (see American Library Association [ALA], 1989). This definition outlines
the core skills as recognising information needs, as well as finding, evaluating and
using information (see subchapters 2.1.2 ‘IL Standards’ and 2.1.3 ‘IL Measures’).
According to Boh Podgornik, Dolničar, Šorgo, and Bartol (2016), IL models
and standards are developed and updated in relation to the development of
information and communication technology (ICT). Boekhorst (2003, p. 299)
identifies three common features reflecting IL in relation to ICT:
1.
2.
3.

the competence to use ICT to retrieve and disseminate information (IL),
the competence to find and use information independently or with the aid of
intermediaries (information (re)sources), and
the process of recognising information need, as well as retrieving, evaluating,
using and disseminating information, to acquire or extend knowledge
(information process).

This concept of IL includes both ICT and the information (re)sources concept, and
persons are considered information systems that retrieve, evaluate, process and
disseminate information to make decisions to survive for self-actualisation and
development (Boekhorst, 2003, p. 299). Considering this classification, the
information process concept, in particular, is similar to my definition of EEIL in
this thesis (see Chapter 4).
The importance of IL in relation to environmental issues has been
acknowledged in scholarly research (Kurbanoğlu & Boustany, 2014). Within the
field of IL studies, an environmentally oriented concept – green IL – has been
presented by Kurbanoğlu and Boustany (2014). The notion of green IL considers
the environmental consequences of information behaviour and actions and aims to
include sustainable thinking in the IL concept and IL instruction, which is viewed
as a means to contribute to the green library movement (Kurbanoğlu & Boustany,
2014). Balog and Siber (2016) have studied law students’ IL skills and attitudes
towards environmental protection and legislation. Moreover, IL research has
developed from the viewpoint of individual skills to considering community
dimensions such as social responsibility, as stated by Virkus (2003, p. 7): ‘There is
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also a shift towards broader contexts, to connect IL with an active, effective and
responsible citizenship supporting personal empowerment and an enriched life
through lifelong learning’ (see also ACRL, 2015; ALA, 2000; Lau, 2006). Other IL
approaches, including radical IL (Whitworth, 2015), critical IL (Tewell, 2015) and
IL as a sociocultural practice (Lloyd, 2010), have been presented within this body
of research. However, in this thesis I exclude these because of their different
perspectives on and approaches to IL.
2.1.2 Information literacy standards
IL was already considered important to address the challenges of the Information
Age in the 1980s. The ALA’s Presidential Committee on Information Literacy was
appointed in 1987 (see ALA, 1989), and its task was described by the ALA’s
division the ACRL as follows:
1.
2.

3.

to define information literacy within the higher literacies and its importance to
student performance, lifelong learning, and active citizenship;
to design one or more models for information literacy development appropriate
to formal and informal learning environments throughout people’s lifetimes;
and
to determine implications for the continuing education and development of
teachers. (ALA, 1989)

The ALA’s (1989) definition reads, ‘To be information literate, a person must be
able to recognise when information is needed and have the ability to locate,
evaluate, and use effectively the needed information’. This definition has been
widely adopted.
Lifelong learning, already mentioned in the report by the ALA (1989), is an
idea that has been emphasised in the everyday life context and gained more
attention towards the turn of the millennium. At the beginning of the 21st century,
the ALA stated that IL is the basic requirement in learning and that IL is not
discipline-specific but is rather a set of transferable skills that are adaptable for
lifelong learning (ALA, 2000).
The definition of IL presented by the ALA in 2000 was also adapted by the
ACRL to describe that an information literate individual is able to
determine the extent of information needed, access the needed information
effectively and efficiently, evaluate information and its sources critically,
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incorporate selected information into one’s knowledge base, use information
effectively to accomplish a specific purpose, understand the economic, legal,
and social issues surrounding the use of information, and access and use
information ethically and legally. (ALA, 2000)
The definition for IL was operationalised in the form of competence standards. The
ACRL’s (2000) five IL standards presented below were operationalised into 22
performance indicators and detailed lists of outcomes for measuring purposes. The
standards are as follows:
1.
2.
3.

4.
5.

The information literate student determines the nature and extent of the
information needed.
The information literate student accesses needed information effectively and
efficiently.
The information literate student evaluates information and its sources critically
and incorporates selected information into his or her knowledge base and value
system.
The information literate student, individually or as a member of a group, uses
information effectively to accomplish a specific purpose.
The information literate student understands many of the economic, legal, and
social issues surrounding the use of information and accesses and uses
information ethically and legally. (ACRL, 2000)

Standards developed mainly for higher education have a strong foundation in IL
instruction (Erlinger, 2018). Standards represent a behaviouristic approach
characterised by measurement. As another example of the standards applied within
IL, the idea of the so-called seven pillars of IL is situated in the context of education.
The Standing Conference of National and University Libraries defined the ‘seven
pillars’ of IL model in the late 1990s. A decade later, the Society of College,
National and University Libraries (SCONUL) updated this model, ‘The SCONUL
Seven Pillars of Information Literacy – Core Model for Higher Education’, based
on the following definition: ‘Information literate people will demonstrate an
awareness of how they gather, use, manage, synthesise and create information and
data in an ethical manner and will have the information skills to do so effectively’
(SCONUL, 2011). The model takes a broader viewpoint and defines the core skills,
attitudes and behaviours of IL development in higher education to include
competence to
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1. identify a need for information,
2. scope information gaps,
3. plan information strategies,
4. gather information located and accessed,
5. evaluate the process and outcome,
6. manage the information ethically and professionally and
7. present and apply the new knowledge created from synthesized old and new
information. (SCONUL, 2011)
As reviewed in the previous subchapter, measures developed and utilised within IL
research derive from the published definitions and standards. In addition to the
ACRL’s (2000) and the SCONUL’s (1999) standards, Kurbanoğlu et al. (2006)
mention the following: Doyle’s (1994) IL rubrics, IL standards for student learning
by the American Association of School Librarians and Association for Educational
Communications and Technology (1998), the Big6 approach to information
problem solving (Spitzer, Eisenberg, & Love, 1998), and the Australian and New
Zealand Institute for Information Literacy’s (2004) IL standards.
Along with the development of science, technology and societal activities in
general, the approach to IL has evolved from the set of skills to threshold concepts
and broader contexts to better address the information challenges of contemporary
society. In 2015 the IL framework for higher education by the ACRL (2015) was
established as follows:
1.
2.
3.
4.
5.
6.

authority is constructed and contextual,
information creation as a process,
information has value,
research as inquiry,
scholarship as conversation, and
searching as strategic exploration.

These six frames highlight the varying characteristics of information in different
contexts, its process nature and the importance of interaction and learning.
According to the ACRL (2015), these six frames address the requirements of
uncertainty and rapidly changing information environments, where being resilient
and adapting to new surroundings are needed. The expanded IL definition related
to these frames reads as follows: ‘Information literacy is the set of integrated
abilities encompassing the reflective discovery of information, the understanding
of how information is produced and valued, and the use of information in creating
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new knowledge and participating ethically in communities of learning’. According
to the ACRL (2015), the expanded definition emphasises ‘dynamism, flexibility,
individual growth, and community learning’. Instead of listing skills or standards
for learning outcomes, this is meant to serve as a framework combining research
and understanding of concepts within IL. The ACRL claims these six frames outline
the essence of IL, including knowledge practices and dispositions. However, these
frames have also been criticised for being too abstract, without any specific
standards or goals for competencies (Saunders & Budd, 2020).
2.1.3 Information literacy measures
IL instruction applied in library settings draws from cognitive and social
constructivist theories from general educational literature (Erlinger, 2018). As
outlined in subchapter 2.1.1, among these studies, IL is typically defined as a set of
skills. Often, IL measures have been used in educational contexts and have been
associated with library instruction (Erlinger, 2018). According to Virkus (2003),
these initiatives have fostered collaborations between libraries and faculties in the
context of higher education institutions. Erlinger (2018) detected a shift in IL
instruction assessment – from self-evaluation-based measures to performance
measures – when reviewing the outcomes assessment of undergraduate IL
instruction in North American universities and colleges (Erlinger, 2018).
The evaluation of IL may be formative or summative (Erlinger, 2018). The 22
performance indicators of the five ACRL standards (see subchapter 2.1.2 ‘IL
Standards’) include, for example, that
the information literate student defines and articulates the need for information
and identifies a variety of types and formats of potential sources for
information (standard one). The information literate student selects the most
appropriate investigative methods or information retrieval systems for
accessing the needed information (standard two) and summarizes the main
ideas to be extracted from the information gathered (standard three). The
information literate student applies new and prior information to the planning
and creation of a particular product or performance (standard four) and
understands many of the ethical, legal, and socioeconomic issues surrounding
information and information technology (standard five). (ACRL, 2000)
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The ACRL (2000) standards relate the IL competencies to citizenship, as they state
that assessment ‘also should make explicit to the institution’s constituencies how
IL contributes to producing educated students and citizens’.
Objective IL measures are based on the external evaluation of knowledge and
competencies. Commonly used objective methods include not only multiple choice
questionnaires, quizzes and tests but also analyses of bibliographies and essays
(Mahmood, 2017). The strengths of objective measurement are related to their
reliability, measurability and cost-efficiency, ‘ease of administration, ease of
grading, low cost, efficient assessment of a large number of students, generation of
easily reportable numeric data, familiarity and comfort on the part of administrators
and stakeholders, [and] high reliability’ (Erlinger, 2018, p. 450). A key limitation
of objective tests is that they tend to measure knowledge but not actions or abilities
in practice (Erlinger, 2018). These limitations, according to Erlinger (2018), are a
‘lack of authenticity, do not measure higher-order skills, can be time-consuming to
create, measure recognition rather than recall, oversimplify concepts, usefulness
can be threatened by teaching to the test, issues of vocabulary and culture can
interfere’ (p. 450). Also, the weakness of objective measurement is that it may be
limited, for example, to numeracy or verbal skills (Mayer, 2018b).
As an example of objective measurement, in Boh Podgornik et al. (2016), a
team of university educators introduced an IL test for higher education that included
40 multiple choice questions based on the standards stipulated by the ALA/ACRL.
The test was based on objective evaluation and assessed different levels of thinking,
measuring knowledge, understanding and strategies (Boh Podgornik et al., 2016).
Subscales included, for example, the following themes: determining the extent of
the information needed and accessing the needed information effectively and
efficiently, as well as information sources and databases, search strategies,
bibliographic resources and critical evaluation. The test was developed and tested
on groups of university students in Slovenia. According to the authors, the test
indicated improvement in the students’ IL during their studies and could also be
used to point out areas that still needed improvement (Boh Podgornik et al., 2016).
Subjective IL measures are based on self-perception and may be used, for
example, to measure attitudes or feelings (Erlinger, 2018). One way to approach a
subjective measurement of IL is to assess self-efficacy (see Bandura, 1977), which
refers to a person’s confidence (namely, a perception of one’s ability in
accomplishing a certain task) and has an effect on the outcome of the process
(Bandura, 1977, 1997). Self-efficacy is closely related to IL (Kurbanoğlu, 2003).
Kurbanoğlu et al. (2006) state,
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Success is not only based on the possession of necessary skills, it also requires
the confidence to use these skills effectively. In other words, learning certain
skills is not enough; individuals should also develop confidence in the skills
that they are learning. Hence, besides possessing information literacy skills,
individuals of today’s societies must also feel competent and confident in the
use of these skills. Therefore, attainment of [a] high sense of self-efficacy
beliefs is as important as possessing information literacy skills. (p. 731)
By addressing the efficacy beliefs, people who are at risk with regard to lifelong
learning and problem solving may be identified (Kurbanoğlu et al., 2006).
Kurbanoğlu et al. (2006) created an IL self-efficacy scale with seven main
categories:
1.
2.
3.
4.
5.
6.
7.

defining the need for information;
initiating the search strategy;
locating and accessing the resources;
assessing and comprehending the information;
interpreting, synthesising and using the information;
communicating the information; and
evaluating the product and process.

With the IL self-efficacy scale, Kurbanoğlu et al. (2006) conducted a quantitative
survey among teachers. The confidence level of each statement was measured by a
seven-point Likert scale. Based on statistical data analyses, the component loadings
of principal component analysis indicated three levels of IL skills: basic,
intermediate and advanced. Mahmood (2017, p. 1036) argues, ‘Due to the positive
effects of self-efficacy on self-regulation, self-assessment has a special diagnostic
value’. However, self-report measures have been criticised for measuring selfefficacy or behaviour instead of literacy (Frisch, Camerini, Diviani, & Schulz,
2012).
There are limitations to these measures. Subjective measures based on selfreport have been criticised for potentially biased results (Mayer, 2018b).
Commonly known as the Dunning–Kruger effect, people with low abilities tend to
overestimate these abilities (Rosman, Mayer, & Krampen, 2015). Overall, Erlinger
(2018) suggests that IL assessment needs to be resilient and adapted to varying
situations. Erlinger (2018, p. 455) outlines four IL instructions’ assessment
recommendations from the literature: 1) assessment is an iterative cycle, 2) there is
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no one-size-fits-all solution, 3) multiple methods should be used and 4)
collaboration is encouraged.
Overall, as pointed out in subchapter 2.1.1, the standards established for IL
have many similarities. However, operationalisation for measuring these standards
has been criticised for being too theoretical and complex and for concentrating on
detailed features of library settings and being conducted by librarians, sometimes
with researchers or IL educators (Boh Podgornik et al., 2016).
2.1.4 Defining and measuring everyday information literacy
The significance of the everyday information context is gaining increasing
emphasis on IL studies. The concept of everyday life IL emphasises searching,
evaluating and using information in everyday life problem solving. Martzoukou
and Sayyad Abdi (2017) define the concept as follows: ‘Everyday life information
literacy is about being able to address a range of information needs that relate to
everyday practices as well as making informed decisions that are of significant
value to individuals and communities’ (p. 634). Moreover, Martzoukou and Sayyad
Abdi (2017) identify two levels in approaching everyday life IL: first, a narrow
approach as ‘contextual information literacy’ and second, a broader one as an
‘information literacy mind-set’. Contextual IL exists ‘where the individual is
equipped to deal with a specific information environment that is governed by set of
expectations of competence and accepted principals around information literacy
practices set by that context’ (Martzoukou & Sayyad Abdi, 2017, p. 657). An IL
mind-set, in turn, ‘encompasses a critical approach that empowers individuals to
constantly adjust themselves confidently and proactively to new and different
information environments’ (Martzoukou & Sayyad Abdi, 2017, p. 657). Contextual
IL has similarities to my definition of EEIL in this thesis (see subchapter 4.2
‘Defining and Operationalising EEIL’).
Because empirical studies within IL research have focused on education and
library surroundings, they are only loosely comparable with the context of this
thesis, which scrutinises everyday information surroundings. Therefore, I chose not
to stress this approach in my thesis. Instead, I concentrated on more relevant
empirical IL studies in specific everyday life contexts – namely, those conducted
within the HIL field. Considering the aim of my thesis, the notions of HL and HIL
and related measures presented are more applicable as examples of studies focusing
on context-specific IL. However, even though the concept of HIL exists within the
field of IL, many studies refer to the multidisciplinary concept of HL, which forms
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an extensive body of research. That is why I also examined HL studies when
reviewing the background research of this thesis.
Several studies have been conducted and measures presented for assessing
people’s HIL (see Enwald et al., 2016; Hirvonen et al., 2016; Hirvonen, Niemelä,
Ek, Korpelainen, & Huotari, 2015b; Huotari et al., 2015; Huotari, Enwald,
Nengomasha, Niemelä, & Hirvonen, 2016; Niemelä et al., 2012). These HIL
measures increase the understanding of IL in the context of health and are mainly
based on subjective self-evaluation. In particular, self-efficacy measures (see
Bandura, 1977) and self-perceived abilities such as collecting, communicating and
evaluating health information have been examined by self-report (see Hirvonen,
2015b, 2016).
As there are similarities in the phenomena, HIL serves as an example of an IL
concept bound to a specific context. Moreover, the different definitions and related
measures of HL have been extensively studied among different populations (see
Guzys, Kenny, Dickson-Swift, & Threlkeld, 2015; Mårtensson & Hensing, 2012;
Sørensen et al., 2012). Therefore, I considered the notions of HL and HIL and the
related measures as a guideline in developing the measure for EEIL in this thesis.
Some previous studies include a comparison of the concepts of HL and IL (see
Lawless, Toronto, & Grammatica, 2016).
In this thesis, I further develop the definition of EEIL I introduced in 2017
(Keränen, 2017). This pilot version of the definition and the starting point of the
EEIL concept and the related measure was an application of the EHIL screening
tool in the context of energy (see Keränen, 2017; Keränen et al., 2018). The EHIL
tool is based on the definition by the Medical Library Association (MLA) in 2003
that derives from the ALA’s (1989) IL definition (see subchapter 2.1.2). According
to the MLA’s (2003, as cited in Shipman, Kurtz-Rossi, & Funk, 2009) definition,
HIL is
the set of abilities needed to recognize a health information need, identify likely
information sources and use them to retrieve relevant information, assess the
quality of the information and its applicability to a specific situation, and
analyze, understand, and use the information to make good health decisions.
(p. 294)
Based on this definition, Niemelä et al. (2012) developed the EHIL screening tool
to assess IL in the everyday context and that of health. The screening tool consists
of 10 statements and is a subjective measure for self-assessing motivation and
confidence as well as evaluating health information and potential difficulties in
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these. The statements of the EHIL screening tool (Niemelä et al., 2012) are as
follows:
1.
2.
3.
4.

It is important to be informed about health issues.
I know where to seek health information.
I like to get health information from a variety of sources.
It is difficult to find health information in printed sources (magazines and
books).
5. It is difficult to find health information from the internet.
6. It is easy to assess the reliability of health information in printed sources
(magazines and books).
7. It is easy to assess the reliability of health information on the internet.
8. Terms and sentences of health information are often difficult to understand.
9. I apply health-related information to my own life and/or that of people close to
me.
10. It is difficult to know who to believe in health issues.
These statements, modified to an energy context, were applied in the empirical
studies of this thesis. A more detailed description of the tool and its application is
provided in the empirical part of this thesis (see Chapters 4 and 5).
Regardless of the attempts to define and empirically examine HIL, the
multidisciplinary review by Huhta, Hirvonen, and Huotari (2018a) revealed that
the concept of HL is often preferred to HIL in studies conducted in the field of
library and information studies. HL assessment tools have been extensively studied,
which also supports the development process of EEIL in this thesis. The systematic
review by Altin, Finke, Kautz-Freimuth, and Stock (2014) outlines the evolution of
HL assessment tools. According to the review, mixing objective and subjective
measures has become a trend among HL studies. Measures are often based on
screeners measuring functional literacy – namely, a reading comprehension test that
includes understanding and using quantitative information (Fernandez, Larson, &
Zikmund-Fisher, 2016), the Test of Functional Health Literacy in Adults, and the
Rapid Estimate of Adult Literacy in Medicine. In Altin et al. (2014), HL
measurement modes were categorised as print, oral, numeracy and
multidimensional measurements. Guzys et al. (2015) argue there is a need to shift
HL assessment from an individual point of view to a societal perspective.
The HL tools originate from functional assessment, and due to criticism
displayed towards the research agenda, approaches have expanded to incorporate
objective, subjective, mixed and multidimensional constructs. HL is assessed by
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various measures, such as self-efficacy measures (especially in domain-specific
HL), and qualitative assessment, focus groups or interviews, knowledge tests,
performance tasks, and reading comprehension and numeracy tests (especially in
the general concept of HL; Huhta, Hirvonen, & Huotari, 2018b).
The relationship between objective and subjective measures has been
scrutinised in HL and HIL studies. For example, Mayer (2018b) examined the
association of objective and subjective HIL measures with three subjective selfreport measures. These included an application of Niemelä et al.’s (2012) EHIL
screening tool and objective measures such as the Health Information Literacy
Knowledge Test – a standardised test encompassing planning, conducting and
evaluating health-related information searches using multiple sources and based on
the Big6 model of IL skills by Eisenberg and Berkowitz (1990) and the descriptive
model of information problem solving while using the internet (Brand-Gruwel,
Wopereis, & Walraven, 2009; Mayer, 2018b). Mayer’s (2018b) results indicate the
association between objectively and subjectively measured HIL.
2.2

Energy literacy research

The concepts and definitions in scholarly research may be applicable across
disciplines. In this subchapter I examine definitions and measures of EL to be
applied for developing the EEIL concept and the related measure.
2.2.1 Definitions of energy literacy
The EL concept is used in various fields of study. It refers to competencies to make
informed choices related to energy and has been defined by seeking parallels to
scientific, environmental (see McBride, Brewer, Berkowitz, & Borrie, 2013) and
technological literacy, mainly in the field of education (DeWaters & Powers, 2013).
EL has been studied in association with financial literacy and investment literacy
(Blasch et al., 2017; Brounen et al., 2013; Kalmi et al., 2017). The theoretical
background of energy-related financial literacy (Blasch, Filippini, & Kumar, 2019)
draws from macroeconomic models (Conlisk, 1988) and household production
theories (Deaton & Muellbauer, 1980, Muth, 1966), as well as decision-making
strategies, such as optimisation and heuristics (see Blasch et al., 2019).
The definitions of EL vary from energy-related financial literacy (Blasch et al.,
2017; Brounen et al., 2013; Kalmi et al., 2017) to EL as ‘citizenship understanding’
encompassing knowledge, affective domain and behaviour (DeWaters, Qaqish,
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Graham, & Powers, 2013). According to Cotton, Zhai, Miller, Dalla Valle, and
Winter (2021, p. 2), ‘Energy literacy offers a guiding framework for assessing an
individual’s knowledge about energy, attitudes towards energy conservation and
renewables, and intended and actual behaviours’. Energy-related financial literacy
is defined as not only knowledge and cognitive skills but also the ability to use the
information available to make informed investment decisions regarding energy
(Blasch, Boogen, Daminato, & Filippini, 2018; Filippini et al., 2020). Similarly,
the U.S. Department of Energy (2017) defines that an energy-literate person
1.
2.
3.
4.
5.
6.

can trace energy flows and think in terms of energy systems
knows how much energy he or she uses, for what, and where that energy comes
from
can assess the credibility of information about energy
can communicate about energy and energy use in meaningful ways
is able to make informed energy and energy use decisions based on an
understanding of impacts and consequences
continues to learn about energy throughout his or her life. (p. 1)

In this definition, lifelong learning and credibility evaluation of energy information
are highlighted, which resembles the approach familiar to IL (see subchapter 2.1).
In this definition and the related framework for sustainable economic development,
monetary savings and national security are emphasised.
Recent reviews have mapped the existing research on EL. The critical review
by van den Broek (2019) focuses on creating a framework that categorises concepts
and methods applied in household EL studies and, more specifically, studies that
address the understanding of domestic electricity and gas use. According to van den
Broek (2019), depending on the concept applied,
an energy literate person can be someone who knows the energy consumption
of their domestic appliances, knows with what actions they can save energy in
their home, knows how to make economic energy-efficient decisions or knows
about the relation between energy use and climate change. (p. 1)
This definition does not refer to the metacognitive dimension related to IL, which
indicates the importance of including this dimension in the definition of EEIL. In
the critical review of household EL, van den Broek (2019) identifies four types:
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1. device,
2. action,
3. financial and
4. multifaceted EL.
Device EL reflects the ability to evaluate the energy use of household appliances,
action EL describes the ability to evaluate the impact of energy-saving actions at
home and financial EL includes cost calculations (van den Broek, 2019). Action EL
and financial EL both encompass device literacy, which is the narrowest concept of
the four types. Multifaceted EL, in turn, is the most comprehensive type, including
not only the dimension of device, action and financial EL but also knowledge,
values, attitudes and energy-saving behaviour (van den Broek, 2019).
One of the most highly cited (see Lee, Lee, Wu, & Pan, 2019; van der Horst et
al., 2016) definitions of EL is presented by DeWaters and Powers (2013), and it
contains cognitive (knowledge), affective (attitudes, values) and behavioural
aspects. According to DeWaters and Powers (2011, p. 1700), an energy-literate
individual
has a sound conceptual knowledge base as well as a thorough understanding
of how energy is used in everyday life, understands the impact that energy
production and consumption have on all spheres of our environment and
society, is sympathetic to the need for energy conservation and the need to
develop alternatives to fossil fuel-based energy resources, is cognizant of the
impact that personal energy-related decisions and actions have on the global
community, and – most importantly – strives to make choices and exhibit
behaviours that reflect these attitudes with respect to energy resource
development and energy consumption.
According to this definition, EL consists of energy-related knowledge, values,
attitudes and behaviour (DeWaters & Powers, 2011). However, it is clear that these
dimensions of EL do not focus on people’s metacognitive competencies related to
information on energy.
2.2.2 Energy literacy measures
EL has been studied, for example, within the fields of education, economics and
psychology (van den Broek, 2019). Both objective and subjective measures have
been used to assess EL, focusing on what people say, do and know (Sovacool &
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Blyth, 2015). These studies are typically quantitative – based on objective measures,
such as EL tests, or subjective measures, such as self-reports. EL measures focus
on 1) energy-related knowledge (Blasch et al., 2017), 2) rational decision-making
in energy-related issues (Brounen et al., 2013) and 3) the ability to evaluate the
energy use of household appliances (Attari, DeKay, Davidson, & Bruine de Bruin,
2010; Blasch et al., 2017). Surveys using a questionnaire are common in EL studies
(Canfield, Bruine de Bruin, & Wong-Parodi, 2017; DeWaters & Powers, 2011;
Sovacool & Blyth, 2015). However, qualitative studies – based, for example, on
interviews and focus groups – have also been conducted (Cotton, Miller, Winter,
Bailey, & Sterling, 2015; van den Broek & Walker, 2019).
DeWaters and Powers (2011) combined objective and subjective measures.
The Energy Literacy Questionnaire, based on the EL definition by DeWaters (2011),
has been utilised worldwide. The instrument development framework by DeWaters
and Powers (2013) includes definition attributes (cognitive, affective, behavioural),
descriptive example characteristics (such as basic energy concepts, efficacy beliefs
and energy-saving habits) and measurable example benchmarks (such as the
identification of forms of energy, the potential for adopting lifestyles to alleviate
energy problems and energy consumption behaviour patterns). The questionnaire
includes knowledge of energy concepts, positive energy-related attitudes and
energy-saving habits. According to DeWaters et al. (2013), the measure includes
30 cognitive items for middle school students and 38 for high school students, along
with 17 affective items (including four self-efficacy items) and 10 behaviour items.
The cognitive items include tasks such as identifying forms of energy. The affective
scale includes statements connected to reducing environmental impacts related to
energy use and economic responsibility for using renewable resources. The
behavioural scale reflects energy consumption patterns (DeWaters et al., 2013).
Sovacool and Blyth (2015) utilised the National Report Card on EL (also
known as Energy IQ), conducted widely in the United States by the National
Environmental Education and Training Foundation. The test includes knowledge,
competence and values and examines four propositions:
1.
2.
3.
4.

the centrality and affordability,
‘being green’ and national policy,
energy knowledge and literacy and
sustainable technology and self-sufficiency. (Sovacool & Blyth, 2015, p. 307)

The study included a combination of objective and subjective evaluations.
Objective energy knowledge and literacy included questions such as ‘How is most
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[of the] electricity in Denmark generated?’ and ‘Which of the following – lighting
rooms, heating and cooling rooms, refrigerating food, or running televisions and
computers – uses more energy in the average home?’ (Sovacool & Blyth, 2015, p.
307). Environmental attitudes were subjectively evaluated.
The measures used in EL studies have been criticised for simplifying the
evaluation of skills (Kumar, 2019) and not measuring the level of literacy (van den
Broek, 2019). According to Kumar (2019, pp. 2–3),
The current research tends to rely on less refined and rather simple approaches
to quantify the level of literacy. They either aggregate the number of correct
responses (Blasch et al., 2018a; DeWaters & Powers, 2011), use a somewhat
simplistic weighting technique (Blasch et al., 2017b), or identify some or all
questions to be important and take a combination of the scores as
representative (Kalmi et al., 2017).
2.3

Parallels in information literacy and other context-specific
literacies

In this subchapter I consider and compare the theoretical and empirical research
within the research fields of IL, EL and HL to form a basis for my study aimed at
introducing a novel definition for the notion of EEIL and a measure based on this
definition. As a framework for my thesis, I am seeking parallels in the different
categorisations presented in earlier studies of these three notions of different types
of literacies.
The comparison of EL and HL studies forms a fruitful background for
constructing the framework for this thesis, for both are studied across various
disciplines and are defined in a variety of ways. A cross-disciplinary systematic
review of HL studies by Huhta et al. (2018a), which focused on their approaches to
information in online environments, included research mainly from medical and
health sciences, as well as from the fields of communication and health
communication, psychology, library and information studies, pharmacy, sociology
and social work. Also, EL research is conducted in various fields – for example,
education, economics and psychology (van den Broek, 2019). Drawing from a
cross-disciplinary review on literacies in various domains, such as IL and science
and scientific literacy, Frisch et al. (2012) identified seven distinct literacy
dimensions:
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1. functional literacy (reading, writing and numeracy skills),
2. factual knowledge (context-specific knowledge that can be declared explicitly)
and
3. procedural knowledge (knowing how to use information in a specific context),
4. awareness,
5. critical dimension,
6. affective dimension and
7. attitudes. (p. 122)
Frisch et al. (2012) consider functional literacy (the ability to read, write and
calculate) to be a part of every literacy domain rather than a separate category. The
other categories are rather context-specific or relate to feelings, attitudes or critical
thinking skills. HL studies have been characterised by their perspectives or themes.
Okan et al. (2018), somewhat similarly, outlined the research branches as narrower
functional HL and broader multidimensional/multifaceted/multifactorial HL.
According to Frisch et al. (2012), all seven dimensions listed above are present in
the definitions of IL. The elaboration of the HL concept, in turn, was suggested by
including selected dimensions to create a more holistic approach (Frisch et al.,
2012). EL has been related to socioecological characteristics (van den Broek, 2019).
In a similar vein, in my doctoral thesis, I strive for a comprehensive approach for
understanding, defining and measuring IL in the context of energy and everyday
life decision-making to contribute to the ultimate goal of preventing climate change.
2.3.1 Defining the concepts in context-specific literacies
In this subchapter, I scrutinise previous studies related to defining literacies in
different contexts by presenting the parallels in approaches used in selected fields
of research (Table 1). IL has been widely researched in education and library
settings, which is reflected in the definitions and content of the notion. For example,
communities of learning are mentioned in the definition (ACRL, 2015). The
characteristics of different definitions of HL (Huhta et al., 2018a, 2018b) and EL
(van den Broek, 2019) have been outlined in previous review articles, and they
indicate some similarities between the types of EL and HL. In definitions of HL,
Huhta et al. (2018b) presented three categories: general and skill-based,
multidimensional and domain-specific (Huhta et al., 2018b). van den Broek (2019)
found four categories characterising the concept of EL: device, action, financial
and multifaceted EL. When comparing the context of health and that of energy, one
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key difference is that the financial aspect has a stronger presence in an energy
context. This may be because many of the decisions regarding energy have
immediate financial consequences and these financial issues may serve as catalysts
for action. Mutual for both contexts are characterising EL or HL as a general skill,
whether regarding the efficient use of domestic devices or health-related decisionmaking. Multidimensionality is present in both research areas, reflecting the wider
social and cultural context or different dimensions of the concept. The domainspecific characteristic is present in both fields as well, as the context, such as the
web environment (see Huhta et al., 2018b), or financial or energy use calculation
of domestic appliances (see van den Broek, 2019) determines the skills needed.
Table 1. Parallels in the categorisations of the notions of information literacy, health
literacy and energy literacy.
Notion

Information literacy

Health literacy

Energy literacy

Approach

Skill-based approach

General and skill-based

Device and action energy

(Hepworth et al., 2000)

health literacy and health

literacy (van den Broek, 2019)

information literacy (Huhta et
al., 2018b)
Definition

‘To be information literate, a

Health literacy is ‘the degree

An energy-litreate person ‘can

person must be able to

to which individuals have the

tell the energy use of

recognize when information is capacity to obtain, process,

domestic appliances (device

needed and have the ability to and understand basic health

energy literacy)’ (van den

locate, evaluate, and use

information and services

effectively the needed

needed to make appropriate

Broek, 2019, p. 6).

information’ (American Library health decisions’ (Ratzan &
Association, 1989, p. 1).

Parker, 2000, para. 7).

Health information literacy is ‘the set of abilities needed to

Energy-literate person ‘knows

recognize a health information need, identify likely information how much energy can be
sources and use them to retrieve relevant information, assess saved through household
the quality of the information and its applicability to a specific

energy-saving activities

situation, and analyze, understand, and use the information to (action energy literacy)’ (van
make good health decisions’ (Medical Library Association,

den Broek, 2019, p. 6)

2003, as cited in Shipman et al., 2009, p. 294).
Approach

Contextual information literacy Domain-specific health
(Martzoukou & Sayyad Abdi,

literacy (Huhta et al., 2018b)

(Device and) financial energy
literacy (van den Broek, 2019)

2017)
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Notion

Information literacy

Definition

Contextual information literacy Mental health literacy is

Health literacy

Energy literacy
Energy-related financial

is ‘where the individual is

‘knowledge and beliefs about

literacy is the ‘combination of

equipped to deal with a

mental disorders which aid

energy-related knowledge and

specific information

their recognition,

cognitive abilities that are

environment that is governed

management or prevention’

needed in order to take

by set of expectations of

(Jorm et al., 1997, p. 182).

decisions with respect to the

competence and accepted

investment for the production

principals around IL practices

of energy services and their

set by that context’

consumption’ (Blasch et al.,

(Martzoukou & Sayyad Abdi,

2018, p. 3).

2017, p. 657).
‘Green information literacy is

‘eHealth literacy is the ability

‘Rational decision-making—

a set of conventional skills, as to seek, find, understand, and making the optimal choice
addressed in almost all

appraise health information

information literacy definitions, from electronic sources and

when considering an
investment in more energy-

which is expanded to include

apply the knowledge gained

efficient equipment’ (Brounen

sustainable thinking’

to addressing or solving a

et al., 2013, pp. 43, 49).

(Kurbanoğlu & Boustany,

health problem’ (Norman &

2014, p. 54).

Skinner, 2006, para. 6).

‘Determine the extent of

Energy-literate person can

information needed, access

‘make financially efficient

the needed information

energy decisions (financial

effectively and efficiently,

energy literacy)’ (van den

evaluate information and its

Broek, 2019, p. 6).

sources critically, incorporate
selected information into
one’s knowledge base, use
information effectively to
accomplish a specific
purpose, understand the
economic, legal, and social
issues surrounding the use of
information, and access and
use information ethically and
legally’ (American Library
Association, 2000, 207).
Approach

Information literacy mind-set

Multidimensional health

Multifaceted energy literacy

(Martzoukou & Sayyad Abdi,

literacy (Huhta et al., 2019b)

(van den Broek, 2019)

2017)
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Notion

Information literacy

Health literacy

Definition

‘Information literacy mind-set

Health literacy is ‘the cognitive ‘An energy literate individual

encompasses a critical

and social skills which

is one who has a sound

approach that empowers

determine the motivation and

conceptual knowledge base

individuals to constantly

ability of individuals to gain

as well as a thorough

adjust themselves confidently access to, understand and

Energy literacy

understanding of how energy

and proactively to new and

use information in ways which is used in everyday life,

different information

promote and maintain good

environments’ (Martzoukou & health’ (Nutbeam, 1998, p.
Sayyad Abdi, 2017, p. 657).

357).

understands the impact that
energy production and
consumption have on all
spheres of our environment
and society, is sympathetic to
the need for energy
conservation and the need to
develop alternatives to fossil
fuel-based energy resources,
is cognizant of the impact that
personal energy-related
decisions and actions have on
the global community, and–
most importantly–strives to
make choices and exhibit
behaviours that reflect these
attitudes with respect to
energy resource development
and energy consumption’
(DeWaters & Powers, 2011,
p.1700).

‘Information literacy is the set ‘Health literacy is linked to

Energy-literate person ‘fulfils

of integrated abilities

literacy and entails people’s

all these requirements and

encompassing the reflective

knowledge, motivation, and

demonstrates general energy

discovery of information, the

competences to access,

knowledge, positive energy

understanding of how

understand, appraise, and

attitudes and values and

information is produced and

apply health information in

engages in energy

valued, and the use of

order to make judgments and conservation behaviour

information in creating new

take decisions in everyday life (multifaceted energy literacy)’

knowledge and participating

concerning healthcare,

ethically in communities of

disease prevention and health

learning’ (Association of

promotion to maintain or

College and Research

improve quality of life during

Libraries, 2015, p. 8).

the life course’ (Sørensen et

(van den Broek, 2019, p. 6).

al., 2012, p. 3).
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The basic definitions of EL and HL are rather similar. According to reviews, both
HL and EL are generally described as the ability to make appropriate decisions
regarding health (see MLA, 2003; Ratzan & Parker, 2000) or energy (see DeWaters
& Powers, 2011; van den Broek, 2019). Both notions highlight the understanding
of the environment, such as laws of nature and infrastructure in relation to
individual lives and the decisions each person makes. For example, according to
the U.S. Department of Energy (2017, p. 1), ‘Energy literacy is an understanding
of the nature and role of energy in the universe and in our lives. Energy literacy is
also the ability to apply this understanding to answer questions and solve problems’.
In turn, HL is defined, for example, as ‘the degree to which individuals have the
capacity to obtain, process, and understand basic health information and services
needed to make appropriate health decisions’ (Ratzan & Parker, 2000, para. 7). HL
may be perceived as a more individual competence since health issues are directly
related to the human body and health status – although individual health constitutes
public health, which is a major economic issue for nations. The relation of energy
to everyday life may be perceived as more complex, and often, EL is presented in
relation to financial issues of a household. Although HL and EL issues may both be
perceived as financially driven, we can assume that financial issues concern
different levels of societal activity – namely, society in the health context and
households and individuals in an energy context, although it is not always written
in definitions.
The most distinct feature of IL in comparison to context-specific literacies is
the emphasis on information and its processing: the ALA (1989, p. 1) states, ‘To be
information literate, a person must be able to recognise when information is needed
and have the ability to locate, evaluate, and use effectively the needed information’.
Moreover, the MLA (2003, as cited in Shipman et al., 2009) defines HIL as
the set of abilities needed to recognize a health information need, identify likely
information sources and use them to retrieve relevant information, assess the
quality of the information and its applicability to a specific situation, and
analyze, understand, and use the information to make good health decisions.
(p. 294)
The definition combines the concepts of HL (Ratzan & Parker, 2000) and IL (ALA,
1989). According to Lawless et al. (2016, p. 144),
Health and information literacy share common antecedents and attributes:
literacy, health or information need, comprehension, decision-making and
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degree of technological competency. Unique to HL is an emphasis on
interactive communication and unique to information literacy is a focus on
discovery and search skills.
Moreover, the critical evaluation of information is present merely in a few HL
definitions (Huhta et al., 2018b); instead, it is a unifying feature of varying IL
concepts (Limberg et al., 2012). Critical evaluation is included in some EL
definitions, but more often, it is implied rather than explicitly written.
Overall, there are similar challenges in the research fields of both health and
energy. These challenges emerge in defining the theoretical frame and concepts and
in measuring. A deeper understanding of the science philosophical background
assumptions and a firm theoretical construct is called for in HL studies (Huhta et
al., 2018a), and the same applies to EL studies – namely, there is a need for a
common and comprehensive EL concept (van den Broek, 2019). Sovacool (2014)
calls for a more integrative approach. The lack of consistency in defining the
concepts is a challenge in both fields of research. A lack of consistent terminology
has also been detected in IL instruction assessment (Erlinger, 2018). Moreover,
similar to the definitions of literacy in the context of health and energy, the
measures used to evaluate literacy have varied (Huhta et al., 2018b; van den Broek,
2019).
2.3.2 Measurement of different literacies in context
The purposes of developing literacy measures specific to the context of health and
energy have some similarities. In HL the measures were originally used in clinical
conditions to measure functional skills (Parker et al., 1995) and detect groups with
limited HL (see Niemelä et al., 2012). In EL the measures were introduced to
identify different groups to facilitate interventions for energy efficiency in the
domestic sector (Kumar, 2019; van den Broek, 2019). In the context of higher
education and libraries, IL competencies have been considered an indicator of
academic success, and the purpose of assessing IL instruction has been found to
provide feedback not only to learners but also to instructors and administrators of
IL programmes (Erlinger, 2018).
Objective evaluation of behaviour and validation of self-report tools have been
suggested to gain comparable results. For example, objective measures may be
used to complement subjective measures (see Hirvonen, 2015b). Moreover, the
standardisation of operationalisation and measurement is recommended across
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disciplines (Huhta et al., 2018b; Kormos & Gifford, 2014; van den Broek, 2019).
More comprehensive, reliable and comparable measures, as well as consistency in
operationalising the concepts for measuring, have been identified as challenges
among both HL (Altin et al., 2014; Huhta et al., 2018a; Okan et al., 2018) and EL
research (van den Broek, 2019). Consistency would allow longitudinal research, as
well as comparison, and therefore increase the quality and impact of research (van
den Broek, 2019), for the lack of a common scale complicates the generalisation of
what is considered a low or adequate EL level and how it varies across or within
countries (Martins, Madaleno, & Dias, 2020). Policy implications on which
dimension of EL to address and how to promote energy conservation would benefit
from this progress (van den Broek, 2019), along with responding to the information
needs of populations more effectively (Altin et al., 2014). It is imperative to enlarge
the focus of research on EL to include the understanding of the impact of indirect
energy use (goods and services) of households (van den Broek, 2019).
Surveys using questionnaires constitute a common data collecting method
within empirical studies of IL (Saranto & Hovenga, 2004), HL (Fernandez et al.,
2016) and EL (van den Broek, 2019). Surveys have been conducted among
different populations – for example, in EL studies among students (Chen, Liu, &
Chen, 2015; Cotton et al., 2015; DeWaters & Powers, 2011; Lee et al., 2019; van
der Horst et al., 2016) and households (Blasch et al., 2017; Brounen et al., 2013;
Canfield et al., 2017; Kumar, 2019; Sovacool & Blyth, 2015). Student samples are
also common in IL studies (Johnston & Webber, 2003; Kurbanoğlu et al., 2006;
Mahmood, 2017; Saranto & Hovenga, 2004; Stokes & Urquhart, 2011; Virkus,
2003).
Self-report measures are commonly used in literacy research, but their validity
has been criticised. The assumption in using self-reported measures is that they
reflect the actual behaviour (Kormos & Gifford, 2014). A meta-analytic review
suggested a strong association between objective assessment and self-report in the
context of proenvironmental behaviour (Kormos & Gifford, 2014). However, in the
context of energy, the connection between EL and behaviour has not always been
clear (DeWaters & Powers, 2011; van den Broek, 2019). In turn, in the context of
health, self-reported HL and HIL have been found to be connected to health
outcomes (Martzoukou & Sayyad Abdi, 2017), including perceived control over
health and health behaviour (Fernandez et al., 2016) and objectively measured
health indicators (Hirvonen et al., 2016). Unlike in EL measures, the financial
perspective is not widely established in HL measures.
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3

Results from energy-related competencies
research

In this chapter I present results from earlier research, mainly from the field of EL.
These studies relate to my research context and approach: energy in everyday life.
Therefore, it is interesting to explore the competencies and skills, as well as
background variables, associated with EL in empirical research. Previous research
indicates that individuals’ background characteristics – their age, gender, and level
of education, for example – are significantly associated with their energy-related
literacies evaluated objectively (Blasch et al., 2017; Filippini et al., 2020; Kumar,
2019) or by integrating both objective and subjective measures (Cotton et al., 2021;
DeWaters & Powers, 2011). In EL studies, the main focus has often been on
objective measures, such as knowledge tests and numeric calculations (see, for
example, Attari et al., 2010; Blasch et al., 2017; Brounen et al., 2013; Kumar, 2019).
To complement the objective measures, subjective measures utilising, for example,
statements with Likert scale response options, are integrated to reflect the affective
and behavioural dimensions of EL.
In general, previous empirical research indicates low EL levels. The level of
EL among American students has been found to be low (DeWaters & Powers, 2011).
Similarly, the level of EL and energy awareness has been shown to be low among
Finnish students, although they possess a high level of financial literacy (Kalmi et
al., 2017). Blasch et al. (2018), in turn, found that energy-related financial literacy
is low and heterogeneous in European countries. Furthermore, research among
household respondents from Nepal showed low levels of energy-related financial
literacy (Filippini el al. 2020). Similarly, low EL levels, especially in relation to
actually implementing energy efficiency (namely, saving energy), have been
identified in many studies among students and households (Attari et al., 2010;
Blasch et al., 2018; DeWaters & Powers, 2011; Kalmi et al., 2017; Sovacool &
Blyth, 2015; van den Broek, 2019).
3.1

Energy literacy and sociodemographic background

3.1.1 Age
Studies based on both objective and subjective EL measures have found differences
in EL based on age and gender. Younger (under 40 years) and older (over 60 years)
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people have been found to be more likely to have low EL levels (Kumar, 2019),
which leads to assuming that people from 40 to 60 years have relatively higher EL
levels when compared to other age groups. In Filippini et al. (2020), the younger
respondents had better energy knowledge than the older ones. In Brounen et al.
(2013), 60- to 70-year-olds were more aware of energy consumption but less likely
to purchase green energy. Moreover, high school students have been found to have
more positive attitudes towards energy issues, such as energy conservation, than
middle school students, who are more likely to save energy instead (DeWaters &
Powers, 2011). However, there are no significant differences in energy-related selfefficacy between these two groups: according to DeWaters and Powers (2011, p.
1701), ‘Energy-related self-efficacy, specifically, is related to how effectively the
individual feels they can contribute toward solving energy-related problems’. The
pilot study on EIL among university students (Keränen et al., 2018) indicated that
older students are more motivated in finding but less confident in evaluating
information related to energy when compared to their younger peers. This is similar
to the studies on EHIL (Enwald et al., 2016).
3.1.2 Gender
A gender gap has been detected in EL (Blasch et al., 2018; Filippini et al., 2020;
Kumar, 2019). When compared to men, even women with university education
have been found to have lower energy-related financial literacy (Kumar, 2019) but
more positive attitudes towards energy conservation and environmental issues, as
well as energy-related self-efficacy (DeWaters & Powers, 2011). On the contrary,
in Kalmi et al. (2017), women were more likely to be energy literate when
compared to men. Moreover, studies have shown that women have received higher
scores in energy-related attitudes, values and self-efficacy (DeWaters & Powers,
2011) and men in energy knowledge (Cotton et al., 2015; Filippini et al., 2020).
Women have been found to be more likely to underestimate their abilities when
compared to men (Gneezy, Niederle, & Rustichini, 2003) and show lower
confidence in, for example, mathematics (Cho, 2017). Similarly, in the pilot study
on subjectively measured EIL among university students (Keränen et al., 2018),
men were found to be more confident and women more motivated to seek energy
information.
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3.1.3 Education and income
Educational level has been found to be connected to EL (DeWaters & Powers,
2011). Moreover, studies have shown an increase in EL, at least in knowledge and
attitudes, due to education on energy issues (DeWaters & Powers, 2011; van den
Broek, 2019). People with higher education have been found to be more likely to
have high energy-related financial literacy (Blasch et al., 2018; Brounen et al., 2013;
Kumar, 2019). Similarly, university students’ EL in the UK and China is relatively
high (Cotton et al., 2021). Preference for science education was associated with EL
in DeWaters and Powers (2011). In Brounen et al. (2013) EL, defined as rational
decision-making on energy-related decisions, was primarily associated with a
higher educational level. Numeracy, as an ability to perform simple mathematical
calculations, was associated with EL in Attari et al. (2010), but in that study,
educational level was not connected to EL. However, in Filippini et al. (2020),
higher education level was associated with higher energy knowledge but not with
better computational skills.
Among student populations, the field of study has also been found to be
connected to EL. Cotton et al. (2015) found that many students whose studies were
related to the natural sciences and engineering considered themselves experts or
quite knowledgeable individuals in energy issues. Those students whose studies
were related to health or the social sciences, in turn, were less confident in their
knowledge about energy issues. However, Martins, Madaleno, and Dias (2019) did
not find differences in EL based on the field of study. In a study by Balog and Siber
(2016) related to IL, law students had positive attitudes towards environmental
issues and reported activities such as using environmentally friendly transportation;
however, they did not feel confident about their knowledge or being informed on
the topic. It must be noted that a study of students’ differences in IL between
disciplines showed that improvement in informational attitudes reduces the
difference between disciplines (Pinto & Sales, 2015).
The pilot study of this thesis on EIL among university students (Keränen et al.,
2018) indicated that engineering students and those students whose studies are
related to the energy industry or the electricity market were motivated to seek and
confident in their abilities to find and evaluate energy information. The educational
sciences and humanities students, in turn, were less confident, while Business
students received relatively low scores for motivation and evaluation of energy
information.
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Besides education, a higher income level is often associated with a higher EL
level (see Kalmi et al., 2017; Sovacool, 2016; van den Broek, 2019) or energyrelated financial literacy (Blasch et al., 2018; Kumar, 2019). Moreover, residents
of lower-income households have been found to be more likely to possess low
energy-related financial literacy than those of high-or middle-income households
(Kumar, 2019). However, unlike in developed countries, a study conducted in
Nepal indicated that households with lower income levels have better financial
literacy (Filippini et al., 2020).
3.2

Energy literacy competencies and energy behaviour

The link between EL and energy behaviour is not straightforward. For example, it
is unclear whether education on energy issues has an impact on energy behaviour
(DeWaters & Powers, 2011; van den Broek, 2019). In Brounen et al. (2013), EL
did not have a direct impact on household energy consumption or the awareness of
the concept. According to the categorisation by van den Broek (2019), action EL,
as an ability to estimate the energy-saving potential of household activities, seemed
to have the strongest link to energy use. In DeWaters and Powers (2011), energy
behaviour was more closely connected to energy-related affect than knowledge.
Similarly, in Lee et al. (2019), nursing students’ energy-saving behaviour was
associated with attitudes rather than knowledge. However, Cotton et al. (2021) and
Cotton, Miller, Winter, Bailey, and Sterling (2016) recognise that both knowledge
and positive attitude are essential to energy conservation behaviour.
In household EL, it must be noted that the person paying the electricity bill is
more likely to be energy literate (Kalmi et al., 2017). Prepaid electricity bills have
seemed to increase consumption (Dianshu, Sovacool, & Minh, 2010). Devices that
are invisible and require less interaction, such as a heating system, are more likely
to be ignored and their energy use underestimated (van den Broek, 2019). The
results are similar to those of Kalmi et al. (2017), where people paid more attention
to lighting, washing and showering, while heating system adjustments were not as
common. Sovacool and Blyth’s (2015) results support these assumptions:
respondents are more aware of the price of petroleum or gasoline, as filling the tank
of a car requires activity, than the price of more passive and invisible electricity
consumption. The connection between energy consumption and everyday activities
at home is not necessarily clear to people. For example, interpreting consumption
data may be challenging (Herrmann, Brumby, & Oreszczyn, 2018).
50

Kumar (2019) found that moral obligations to save energy or willingness to
undergo lifestyle changes for the environment did not differ significantly across
groups with different levels of literacy. Attari et al. (2010) found a connection
between environmental attitudes and EL. On the contrary, in Brounen et al. (2013),
environmental ideology, measured by voting preferences, was not associated with
EL. In a qualitative study of perceptions of energy use among young adults, selfserving goals appeared to be prioritized over environmental reasons (van den Broek
& Walker, 2019).
Attari et al. (2010) suggest that energy conservation may be limited due to
inefficient efforts concerning energy curtailment rather than energy efficiency or
lifestyle changes. Kastner and Stern (2015) argue that more research on energy
efficiency behaviours, such as investment decisions, is needed, while current
research has mainly focused on energy curtailment, which may not have as much
impact. Kastner and Stern (2015) further suggest that influencing consumers’
investment decisions to purchase energy-efficient devices is a more effective way
to address energy issues than reducing their use of energy in other ways (see also
Attari et al., 2010; Blasch et al., 2017).
Low financial literacy indicates low energy-efficient investments (Brent &
Ward, 2018). Furthermore, according to Filippini et al. (2020), ‘higher levels of
energy-related financial literacy, especially stronger computational abilities, lead to
more rational attitudes with regards to replacement of old appliances’. Partially
conflicting results may also involve measurement issues. As a result of differences
in measurement, the results may not be comparable as such.

51

52

4

Research methodology and empirical studies

In this chapter I present the research methodology and the empirical studies of this
thesis. In subchapter 4.1 I outline the aim and the purpose and the detailed research
questions (RQs). This is followed by a description of the research methodology
applied and the study design of data collection and analyses, including ethical
issues. Developing and operationalising the EEIL concept is examined in
subchapter 4.2. The empirical studies are described in subchapter 4.3 and include
designing the questionnaires and conducting the surveys, followed by the statistical
analyses of the data in subchapter 4.4.
4.1

Research design

4.1.1 Aim, purpose and research questions
The aim of this study is to increase the understanding of peoples’ EEIL. The
purpose of the study is to present a comprehensive definition of EEIL, design a
measure based on this definition and examine EEIL among three populations: the
students at the University of Oulu (Population S), the Finnish population
(Population F) and the population of the Municipality of Ii, a European awardwinning, pioneering municipality striving for carbon neutrality (Population I).
Since public policies are likely to shape individuals’ literacies, the presumption is,
that residents of a pioneering municipality have more advanced EEIL when
compared to other Finns.
The RQs for the empirical part of the study are as follows:
RQ1:

What kind of components can be found in Finns’ EEIL (Study 1 and Study
2; Populations S, F and I).

RQ2:

Are there differences in Finns’ EEIL at the
2a) individual level: sociodemographic variables (age, gender, field of
study or professional field; Populations S, I and F)
2b) household level: socioeconomic variables (education or income level;
Populations I and F)
2c) municipality level: residence in a pioneering municipality in striving
for carbon neutrality or in some other municipality in Finland
(Populations I and F).
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RQ3a) What are the major differences in people’s EEIL components reflected by
the results of Study 1 and Study 2?
RQ3b) How can these differences indicate the need for further development of the
definition and measure of EEIL?
4.1.2 Methodological choices and design of data collection and
analyses
A quantitative strategy was chosen to achieve the aim of the thesis by investigating
EEIL using large-scale data of the Finnish population. In the social sciences, a
quantitative research strategy allows scrutinising the world in numbers to describe
the phenomena and determine the relationships between variables (Stockemer,
2019, p. 8). Quantitative research relies on a theory and RQs emerging from a
research gap, followed by the operationalisation of concepts, the measurement of
variables, sampling and statistical analyses, whose results are reflected against the
theory (Stockemer, 2019, p. 18).
Because this study focuses on examining peoples’ EEIL through large-scale
data of the Finnish population, a survey was selected as the data collection method.
A cross-sectional survey, as applied in this study, may be used to test theory-based
assumptions of associations between variables, although it may not reveal causality
(Stockemer, 2019, pp. 31–32). In this study, the survey data were collected using
questionnaires. A questionnaire is a typical tool used in cross-sectional surveys, and
it has been applied to several EL studies in printed or online form (see Attari et al.,
2010; Brounen et al., 2013; DeWaters & Powers, 2011). A questionnaire has also
been used to supplement other research methods.
The empirical studies pursue reaching representative samples of three
populations: the students at the University of Oulu (Population S), the Finnish
population (Population F), and the population of the Municipality of Ii (Population
I). A population is the subject group desired to be researched, and a sample is a part
of the population being investigated. A sampling frame is defined for simulating a
representative sample from a population being studied (Stockemer, 2019, p. 57).
However, it is practically impossible to obtain the exact representative sample for
a population of a country or even a municipality. For that reason, random sampling
was used instead. Randomisation enables minimising the confounding effects that
may create bias (Stockemer, 2019, p. 58). In this study I used two sampling methods:
representative sampling and random sampling. The students’ sampling from the
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University of Oulu is representative, for the questionnaire was sent to all students
present for the academic year at the time of data collection. Random sampling was
used for the last two populations, where the questionnaire was sent to Finns and
residents of Ii municipality.
An online questionnaire was chosen for collecting data from students at the
University of Oulu. A postal survey was chosen for collecting data from the Finnish
households. A postal survey was considered to be the most reliable way to reach
the target audience and create a random sample of all Finns and the residents of Ii
municipality. Information on the sample and postal addresses of the participants
were acquired from the Digital and Population Data Services Agency, which
conducted the random sampling using the following criteria: Finnish-speaking
adults between 18 and 75 years and whose postal addresses were in Finland,
following the gender distribution of the population.
The language of the questionnaires was Finnish, which limited the respondents
to those who speak Finnish. However, as most Finnish people speak Finnish (87.3%,
Official Statistics of Finland, 2019b), it was decided to implement the survey in
Finnish and still reach most of the population. Nonresponse bias may occur, for
some people are more informed or interested in the topic and therefore more willing
to participate in the survey of this area of research (Stockemer, 2019, pp. 59–60).
This is highly likely for this survey since energy-related issues are generally
perceived as quite complex. The reader should take this under consideration, since
this may bias the results, giving the impression that people are more informed than
they would actually be among the whole sample.
4.1.3 Ethical issues
Ethical issues were carefully considered in conducting this study. The study follows
the European Union General Data Protection Regulation (2018), as well as the
guidelines of the Finnish Advisory Board on Research Integrity (2012) and the
instructions of the Finnish National Board on Research Integrity TENK (2020).
Information privacy and anonymity were assured in conducting the analyses.
Information on the research use of the questionnaire responses by the research
group and later open storage in The Finnish Social Science Data Archive were
provided in the covering letter of the questionnaire. Detailed data privacy
notification, as requested by regulations, available on the website of the BCDC
Energy consortium (www.bcdc.energy.en) was also referred to on the covering
letter, along with a simple written link to access the notification. Anonymity was
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assured by asking only the bare minimum personal data and deleting the data
immediately after they were no longer needed.
4.2

Defining and operationalising EEIL

In this subchapter I concentrate on defining the theoretical concept and its
operationalisation for measurement and interpretation. While theoretical concepts
aim to describe a phenomenon in general, operationalisation refers to converting a
theoretical concept into a measurable form (Stockemer, 2019, p. 13). According to
Gray (2018), the concepts in each study should be defined to clarify what is being
measured. Therefore, the development of definitions and measures go hand in hand.
I have developed a definition for the EEIL concept and a measure for it, but, at the
same time, developing the measure and the studies conducted with it have further
enhanced the development of the EEIL concept and its definition.
I constructed the EEIL concept in such a way that its coverage gradually
increases – starting from the metacognitive dimension (the pilot study) and then
adding the affective and behavioural dimensions (Study 1) and, finally, the
cognitive dimension (Study 2). The broadest definition of EEIL includes all four
dimensions:
1.
2.
3.
4.

competencies related to energy information (metacognitive),
values and attitudes related to energy and climate change (affective),
behaviour related to energy and climate change (behaviour), and
knowledge of energy (cognitive; see Figures 2–4 and Tables 2, 4 and 6).

4.2.1 Pilot study: Modifying EHIL to EEIL
I started defining the concept of EEIL and designing its related measure in the pilot
study. I conducted the pilot for my master’s thesis (Keränen, 2017; Keränen et al.,
2018) during the period 2016–2017 (see Figure 2).
The pilot definition of EEIL was based on the definition of HIL (see Shipman
et al., 2009), referring to IL in the context of health (which, in turn, is based on the
previous definitions of IL [see Niemelä et al., 2012]). In a similar manner, viewing
EEIL as IL in the context of energy, I defined EEIL as the competencies needed to
recognise an energy-related information need, identify likely information
sources and use them to retrieve relevant information, assess the quality of the
information and its applicability to a specific situation, and analyse,
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understand, and use the information to make good decisions in terms of energy.
(Keränen et al., 2018, p. 471; see Table 2).

Fig. 2. Developing a definition for the concept of everyday energy information literacy:
The pilot study (modified from everyday health information literacy).
Table 2. The dimensions of the everyday energy information literacy concept in
different stages of development: The pilot study.
Study

Metacognitive dimension related to energy information

Pilot study

1) recognise an

2) identify likely

3) assess the quality 4) analyse,

Notion of EEIL

energy information

information

of the information

understand and

(modified from

need,

sources and use

and its applicability

use the

them to retrieve

to a specific

information to

relevant

situation and

make good

EHIL)

information,

decisions in terms
of energy.

The pilot version of the measure was a modification of the EHIL screening tool,
which has been used for numerous populations. The EHIL measure was originally
designed to screen people with perceived difficulties in HIL-related matters
(Niemelä et al., 2012; see also Eriksson-Backa et al., 2012). It has also been studied
by Enwald et al. (2016), Hirvonen et al. (2015b, 2016), Huotari et al. (2015, 2016)
and Mayer (2018a, 2018b). The scale and its items refer to IL in the context of
health – which provided a fruitful platform to examine whether the measure would
also be applicable to other contexts, such as energy. In the pilot study, the EHIL
screening tool’s statements were modified to an energy context. For example, the
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statement ‘It is important to be informed about health issues’ was modified to ‘It is
important to be informed about energy issues’ and ‘I know where to seek health
information’ to ‘I know where to seek energy information’.
The measure included items on the metacognitive dimension related to energy
information – more specifically, the motivation to seek energy information and the
confidence in finding, understanding and evaluating it, as well as using it in
everyday life activities. In Table 3, the 10 EEIL statements are organised based on
how they apply to the definition.
Table 3. The pilot version of the everyday energy information literacy measure modified
from the notion and measure of everyday health information literacy.
Notion

Metacognitive dimension related to energy information

Definition of the

1) recognise an

concept of EEIL

2) identify likely

3) assess the quality 4) analyse,

energy

information

of the information

understand and

information need,

sources and use

and its

use the

them to retrieve

applicability to a

information to

relevant

specific situation

make good

information,

and

decisions in terms
of energy.
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I know where to

It is difficult to know

Energy-related

operationalising

informed about

seek energy

who to believe in

terminology and

the metacognitive energy issues.1

information.1

energy issues. 1

statements are often
difficult to

dimension of

understand. 1

EEIL
I like to get energy

It is easy to assess

I apply energy-

information from a

the reliability of

related information

variety of sources. 1

energy information

to my own life and/or

in printed sources

that of people close

(magazines and

to me.1

books).1
It is difficult to find

It is easy to assess

energy information

the reliability of

in printed sources

energy information

(magazines and

on the internet.1

books).1
It is difficult to find
energy information
from the internet.1
1

applied from Niemelä et al., 2012
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I used the measure in the pilot study involving the students of the University of
Oulu, Finland (Population S; Keränen, 2017; Keränen et al., 2018). The results of
the pilot study resembled the results gained with the EHIL screening tool with
regard to its component structure. Three components were found: 1) motivation, 2)
confidence in finding information and 3) perceived ability to evaluate the
information. Also, the measure was able to detect differences between groups,
based on the respondents’ gender and their field of study (Keränen, 2017; Keränen
et al., 2018). Hence, the pilot study’s results indicate that the definition and the
related measure were suitable for evaluating IL in the context of energy in everyday
life. However, there was a need to further develop the measure to encapsulate a
wider range of dimensions, as presented in studies conducted in the field of EL.
In this thesis, the pilot definition and measure for EEIL were used as a basis
for the more advanced definitions and their operationalisation developed in two
empirical studies, labelled as Study 1 and Study 2 (see Figures 3 and 4). In the pilot
study, the definition of EHIL and the measure were modified to an energy context.
The further development of the EEIL definitions and their operationalisation in
Study 1 and Study 2 are explained in the following subchapters and displayed in
Figures 3 and 4 and in a more detailed manner in Tables 4 to 9.

Fig. 3. The elaborated definition of everyday energy information literacy (Study 1).
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4.2.2 Study 1: Elaborating the definition of EEIL and its
operationalisation
In Study 1, I further elaborated the definition of the EEIL concept to encompass, in
addition to the metacognitive dimension related to energy information, the affective
and behavioural dimensions related to energy and climate change (see Figure 3),
which are typically included in the definitions of EL (see DeWaters & Powers,
2011). I call this second definition an elaborated definition of EEIL.
The elaborated definition of EEIL covers the understanding of energy-related
issues in everyday life gained through the abilities to 1) recognise an energy
information need, 2) identify likely information sources and use them to retrieve
relevant information, 3) assess the quality of the information and its applicability
to a specific situation and 4) analyse, understand and use the information to make
informed decisions in energy-related matters, as well as the ability to 5) understand
the connection between one’s own actions and climate change and 6) improve one’s
own actions towards behaving in a sustainable way, including using renewable
energy and saving energy. The dimensions of the elaborated EEIL concept are
presented in Table 4.
The elaborated definition of EEIL covers the understanding of energy-related
issues in everyday life gained through the abilities to 1) recognise an energy
information need, 2) identify likely information sources and use them to retrieve
relevant information, 3) assess the quality of the information and its applicability
to a specific situation and 4) analyse, understand and use the information to make
informed decisions in energy-related matters, as well as the ability to 5) understand
the connection between one’s own actions and climate change and 6) improve one’s
own actions towards behaving in a sustainable way, including using renewable
energy and saving energy. The dimensions of the elaborated EEIL concept are
presented in Table 4.
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Table 4. The dimensions of the everyday energy information literacy concept in different stages of development: The elaborated

In developing the concept of EEIL for Study 1, some adjustments from the pilot
were made for wording the definition. For the elaborated definition, ‘to make good
decisions in energy-related matters’ was replaced by ‘to make informed decisions
in energy-related matters’. Replacing the word ‘good’ with a more neutral
expression – ‘informed’ – during the developing process of the definition was done
to better describe the phenomenon without rating it as good or bad.
The EEIL definition is inspired by existing definitions and measures from the
fields of IL, EL and HIL. The elaborated definition includes a metacognitive
dimension related to IL (namely, seeking, evaluating and using energy information
[see pilot]) and affective and behavioural dimensions related to EL (namely, values,
attitudes and behaviour related to energy and climate change). EEIL comprises the
understanding and skills to make informed energy-related decisions in everyday
life. Drawing from the literature concerning IL (ALA, 1989, 2000) and EL
(DeWaters & Powers, 2011), these abilities are likely connected to the variety of
energy-related decisions people make, for example, when selecting what kind of
sources of energy and how much energy provided by these sources they may use in
their everyday lives.
The elaborated EEIL measure (see subchapter 4.3) constructed based on the
elaborated definition of EEIL consists of 21 statements. These include – in addition
to the 10 items operationalising the metacognitive dimension related to energy
information, as in the pilot measure – 11 items operationalising the affective and
behavioural dimensions related to energy and climate change. I adopted selected
operational examples that I found to be reflecting the dimensions of the EEIL from
the studies by Attari (2010), Cotton et al. (2015), DeWaters and Powers (2011),
Ruokamo (2019) and Sovacool and Blyth (2015) on energy knowledge and literacy
(see Table 5).
The following statements were excluded during the analysis to enhance
internal consistency: ‘Experiences and opinions of people I know have a major
effect on my energy decisions’ and ‘Energy-related numeric information is often
difficult to understand’.
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Table 5. The elaborated everyday energy information literacy measure (Study 1).
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4.2.3 Study 2: Augmenting the definition of EEIL and its
operationalisation
Study 2 was based on the most comprehensive, augmented definition of EEIL (see
subchapter 4.2 ‘Defining and Operationalising EEIL’). The results of Study 1 were
interesting but did not provide a sufficiently comprehensive understanding of the
phenomenon; therefore, more strength was needed. Besides including the previous
metacognitive, affective and behavioural dimensions, the behavioural dimension
was made more comprehensive by including climate-friendly behaviour, and the
whole definition gained was augmented by adding a new cognitive dimension
related to energy knowledge (knowledge test). This added knowledge test also
relates to the metacognitive dimension – which is essential, considering a sound
conceptual knowledge base and an understanding of energy-related issues in
everyday life – emphasising informed decision-making (see Figure 4).

Fig. 4. The augmented definition of everyday energy information literacy (Study 2).

According to the augmented definition of EEIL, an everyday energy information
literate person has 1) a sound conceptual knowledge base and an understanding of
energy-related issues in everyday life and the abilities to 2) recognise an energy
information need, 3) identify likely information sources and use them to search
relevant information, 4) assess the quality of the information and its applicability
to a specific situation and 5) analyse, understand and use the information to make
informed decisions in energy-related matters, as well as the ability to 6) understand
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the connection between one’s own actions and climate change and the 7)
willingness and ability to improve one’s own actions towards behaving in a
sustainable way, including using renewable energy and saving energy. This most
comprehensive definition is presented in Table 6.
In the augmented definition, ‘retrieve relevant information’ was replaced with
‘search relevant information’ to clarify the content. Also, ‘to improve one’s own
actions’ was replaced with ‘the willingness and ability to improve one’s own
actions’ to highlight the importance of attitudes and skills in striving towards a
sustainable lifestyle.
The measure based on the augmented definition of EEIL remained rather
similar to the previous measure operationalising the elaborated definition of EEIL.
In addition to the 21 statements operationalising the metacognitive, affective and
behavioural dimensions of EEIL, more behaviour statements and a knowledge test
operationalising the cognitive dimension were added to form this most
comprehensive measure of EEIL (Table 7).
Numeracy is often related to both EL and IL. However, the statement was
excluded during the analysis of the elaborated measure (see subchapter 4.2.2), as
was the statement ‘Experiences and opinions of people I know have a major effect
on my energy decisions’. The latter relates to the affective dimension of EEIL, of
how society affects energy-related behaviours. These two statements, which were
excluded from the elaborated measure (see Study 1) during the analysis, were
included in the augmented measure (Study 2).
Although the measure remained rather similar to the one based on the
elaborated definition of the EEIL, some adjustments were made. These focused on
wording the statements based on the feedback received at several stages of the
design (see subchapter 4.3.1 ‘Designing the Questionnaire’). Moreover, two
statements – ‘I know a lot about energy-related matters’ and ‘My everyday
decisions are affected by my thoughts on energy use’ – were removed from the
questionnaire used in Study 2 to avoid repetition of similar statements. Instead, the
statements ‘I like to get energy information’ and ‘Carbon dioxide emissions from
the use of fossil fuels have an impact on global warming’ were added to the
questionnaire of Study 2 to more accurately reflect the augmented nature of the
measure.
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Table 6. The dimensions of the everyday energy information literacy concept in different stages of development: The augmented
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Table 7. The augmented everyday energy information literacy measure (Study 2).
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Numeracy is often related to both EL and IL. However, the statement was excluded
during the analysis of the elaborated measure (see subchapter 4.2.2), as was the
statement ‘Experiences and opinions of people I know have a major effect on my
energy decisions’. The latter relates to the affective dimension of EEIL, of how
society affects energy-related behaviours. These two statements, which were
excluded from the elaborated measure (see Study 1) during the analysis, were
included in the augmented measure (Study 2).
Although the measure remained rather similar to the one based on the
elaborated definition of the EEIL, some adjustments were made. These focused on
wording the statements based on the feedback received at several stages of the
design (see subchapter 4.3.1 ‘Designing the Questionnaire’). Moreover, two
statements – ‘I know a lot about energy-related matters’ and ‘My everyday
decisions are affected by my thoughts on energy use’ – were removed from the
questionnaire used in Study 2 to avoid repetition of similar statements. Instead, the
statements ‘I like to get energy information’ and ‘Carbon dioxide emissions from
the use of fossil fuels have an impact on global warming’ were added to the
questionnaire of Study 2 to more accurately reflect the augmented nature of the
measure.
The statement ‘I believe I can contribute to solving energy issues by my own
actions and decisions’ was replaced with ‘I believe I can contribute to reducing
carbon dioxide emissions by my own actions and decisions’, which is more directly
associated with climate issues when compared to the previous form. The statement
‘I apply energy-related information to my own life and/or that of people close to
me’ was replaced with a simpler wording: ‘I use energy information in my everyday
decisions’.
The added statement included in the behavioural dimension and related to
climate-friendly behaviour was evaluated based on six items (Table 8) – which
covered transportation (carpooling, public transportation, flying and
walking/cycling), whether or not the respondent voted for renewable energy in the
last parliamentary elections (in 2015) and whether or not their household’s
electricity contract was based on renewable energy.
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Table 8. Climate-friendly behaviour statements in the augmented everyday energy
information literacy measure (Study 2).
Statement

Reference

I use public transportation when possible.

Inspired by the Finnish sustainable development
company Motiva Ltd and the Finnish Innovation
Fund Sitra.

I prefer carpooling.

Inspired by the Finnish sustainable development
company Motiva Ltd and the Finnish Innovation
Fund Sitra.

I cycle or walk for short distances.

Modified from DeWaters et al. (2013).

I travelled by plane on vacation in the past year.

Inspired by the Finnish sustainable development
company Motiva Ltd and the Finnish Innovation
Fund Sitra.

In the last parliamentary elections, I voted for a

Modified from Sovacool and Blyth (2015).

candidate who promotes the use of renewable
energy.
The electricity I buy for my household is produced

Inspired by the Finnish sustainable development

from renewable energy sources.

company Motiva Ltd and the Finnish Innovation
Fund Sitra.

Corresponding to the augmented definition of the notion of EEIL, the cognitive
dimension related to energy knowledge (knowledge test) was added. This test was
an objective element that would allow the examination of the potential connection
between objective and subjective (self-evaluation) measurements. The cognitive
dimension, in terms of the knowledge test, was to reflect a sound conceptual
knowledge base and an understanding of energy-related issues in everyday life. The
knowledge test included basic information on different forms of energy, energy
production and consumption, renewable and nonrenewable energy, electricity
markets and greenhouse gases (Table 9). The content of the test was inspired by the
BCDC Energy consortium research, DeWaters et al. (2013), Ruokamo (2019) and
Sovacool and Blyth (2015); various online test forms for evaluating personal
carbon footprint, provided by the Finnish sustainable development company
Motiva Ltd (https://www.motiva.fi/en) and the Finnish Innovation Fund Sitra
(https://www.sitra.fi/en/); and the Clean Energy Research terminology of the
Helsinki Term Bank for the Arts and Sciences (https://tieteentermipankki.fi/wiki/
Termipankki:Etusivu/en).
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Table 9. The knowledge test operationalising the cognitive dimension of the augmented
everyday energy information literacy measure (Study 2).
Statement

Reference

What unit of measurement is used to measure

Modified from DeWaters et al. (2013).

electricity consumption on the electricity bill?
(Kilowatt hour)
What is the average price of electricity for a

Modified from Sovacool and Blyth’s (2015) energy

household in Finland (including sale, transmission

knowledge and literacy.

and taxes)?
Which appliance, on average, consumes the most

Modified from DeWaters et al. (2013) and Sovacool

energy in Finnish households? (Heating)

and Blyth’s (2015) energy knowledge and literacy.

Which of the following generates the most electricity Modified from DeWaters et al. (2013).
in Finland? (Nuclear power)
What is renewable energy? (Energy sources which, Modified from DeWaters et al. (2013).
regardless of use or at least when used sustainably,
are renewable and do not decrease)
Which of the following is not a renewable energy

Modified from DeWaters et al. (2013).

source? (Fossil fuels)
Finns’ carbon footprint per capita is large by

Inspired by the Finnish sustainable development

international standards.

company Motiva Ltd and the Finnish Innovation
Fund Sitra.

Home automation can save energy.

Inspired by the BCDC Energy consortium research.

Fossil fuels include coal, natural gas and oil.

Modified from DeWaters et al. (2013).

Energy cannot be created from scratch, and it does Modified from DeWaters et al. (2013).
not disappear but changes its form.
Demand response refers to electricity consumers’

The Helsinki Term Bank for the Arts and Sciences,

reaction to the changes in electricity price and

Clean Energy Research terminology.

availability by changing their consumption
behaviour.

4.3

Empirical studies

4.3.1 Designing the questionnaires
Regarding a survey, as a process of collecting and analysing data, a questionnaire
is a useful tool for gathering data from a large target audience (Wilson, 2013). To
avoid confusion and misunderstanding, design and clarity of the questionnaire form
are crucial (Wilson, 2013). The strengths of a questionnaire are that it can be
delivered in various ways and it enables anonymity. Standardised answers make it
easy to compare and analyse results as well as enhance the use of analytical tools
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and software (Wilson, 2013). Another advantage of using a questionnaire –
compared to, for example, an interview – is that the situation is less influenced by
researcher’s presence since a questionnaire does not require interaction with the
respondent (Stockemer, 2019, p. 66). As a result, the data are likely less biased. The
questions are in the same form for all respondents, which increases the reliability
of the questionnaire. A questionnaire allows inquiring numerous questions.
Moreover, it is cost-effective and can be applied to a large-scale target group.
Usually, respondents may choose a suitable time to orientate and respond
(Stockemer, 2019, p. 66). However, a questionnaire may also be assigned to be
completed face to face and at a specific time and venue.
The strengths and weaknesses of a method are often different sides of the same
issue. The strengths of a method appear if correctly applied, whereas a negligent
procedure may turn them into weaknesses. All methods have their limitations. A
questionnaire has its own disadvantages due to, for example, unmonitored
circumstances, such as the uncertainty of a respondent’s identity and a lack of
guidance in case of unclarity or confusion (Stockemer, 2019, p. 65). Moreover, it
is relevant to consider what an adequate response rate is and whether it is possible
to measure a phenomenon by using a questionnaire (see subchapter 6.2 ‘Limitations
and Evaluation of the Methodology’).
A survey can be conducted as a print form (for example, by mail-in, where the
questionnaire is sent to the recipient’s mailbox) or online (for example, via email).
The online format has some advantages in processing the data compared to printed
ones. For example, the online format may allow only one alternative to be chosen,
which reduces the unclarity in cases where (by mistake) multiple alternatives have
been chosen. An online questionnaire is most affordable when compared to, for
example, a posted questionnaire. The disadvantage in using an online form is that
it excludes persons unable to access a computer or mobile devices and/or persons
without an internet connection. In this study, an online questionnaire (Appendix 1)
was sent to university students (Population S), and a mail-in questionnaire
(Appendix 2) was sent to Finnish households (Population F) and residents of Ii
municipality (Population I). The inability to access an online survey was a highly
unlikely situation among the university students.
A low response rate is a common problem in questionnaire surveys (Wilson,
2013). The response rate is an important issue in reaching the objectives of the
research. If the response rate is low, it affects the validity and reliability of the study
by decreasing the representativeness of the population of interest (Stockemer, 2019,
p. 66). The sample of respondents should reflect the elements of the population in
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breadth and depth (see Stockemer, 2019, pp. 57–59). Follow-up mailings and
incentives, such as compensation or a lottery prize among participants, may help to
increase the response rate (Stockemer, 2019, p. 66). I used both strategies in this
study: follow-up mailings (Population S) and lottery prizes (Population S, F and I).
There are several dimensions to be considered when designing the content of
a questionnaire, such as structure, wording, order and possible biases (Wilson,
2013). Usually, a questionnaire includes multiple choices, scales or open-ended
questions. An open-ended question does not include response alternatives and may
be challenging to analyse (Stockemer, 2019, p. 42). For multiple choice questions,
the respondent chooses a response from provided alternatives. A question can also
be a combination of an open-ended question and a structured question, where the
respondent is allowed to add the missing alternative of their choice. When using a
scale, such as a Likert scale, respondents choose the alternative based on how
strongly they agree or disagree with the statement (Stockemer, 2019, p. 44).
I used method guides as a guideline in designing the questionnaires (see
subchapters 4.1 ‘Research Design’ and 4.2 ‘Defining and Operationalising EEIL’).
The questionnaires include statements based on self-evaluation using a five-point
Likert scale: ‘strongly disagree’, ‘disagree’, ‘neither agree nor disagree’, ‘agree’
and ‘strongly agree’. An option to answer ‘I cannot say’ was included in my
questionnaires to offer an alternative outside the scale. The questionnaires of this
entire study contained no compulsory answers.
Pretesting a questionnaire is crucial to ensure the content and layout are
appropriate and understandable (Stockemer, 2019, p. 68). In this study, the
questionnaires were commented on by students, researchers and experts from the
fields of education and energy. The questionnaires were refined based on the
feedback received at several stages of the design. The layout, order and content of
the questions were adjusted. Also, the cover letters of the questionnaires (see
subchapter 4.3.2) were edited according to this feedback.
4.3.2 Conducting the surveys
The survey data were collected from three different populations in Finland (see
subchapter 3.5). The process is described in detail in this subchapter.
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Study 1
Finnish university students were chosen as a study population for the pilot and
Study 1, for they represent future academic professionals living in a Nordic welfare
state striving towards carbon neutrality and they formed a large, relatively
homogenous population for testing and developing the proposed EEIL measure of
the pilot study and its elaboration in Study 1. The online questionnaire, using the
Webropol survey and reporting tool, was sent to all students present for the
academic year 2016–2017 at the University of Oulu, Finland, in January 2017
(n = 11 381). The link to the survey was sent via email through a mailing list
reaching all students present at the time. Two reminder emails were sent to increase
the response rate. The response rate was 12.2% (n = 1 390). A representative
sample was chosen to reach a large population suitable for testing and development
of the EEIL measure. These university students were called Population S. The same
data were applied for the pilot study and Study 1.
The respondents of Study 1 were provided with a short definition of energy by
explaining that, in this context, energy refers to energy used by households mainly
for lighting and warming, as well as energy used by traffic and industry (see
Appendix 1). The questionnaire of Study 1 included the elaborated measure of
EEIL (see the elaborated definition of the concept in subchapter 4.2), covering the
metacognitive dimension related to energy information, the affective dimension
related to values and attitudes on energy and climate change and the behavioural
dimension (namely, behaviour related to energy and climate change). The
questionnaire used in Study 1 comprised 33 items, including 21 statements
designed for the elaborated measure, as well as 11 items on the respondent’s
background and one section at the end for open comments on the questionnaire or
energy issues in general. Questions on respondents’ demographics and
backgrounds included their year of birth, gender, level of highest education, work
situation, income, and major field of study, as well as whether their
studies/occupations relate to the energy industry or electricity market. Further, they
were asked about their place of residence, the type of house or apartment they live
in, home ownership and living arrangements (see Appendix 1).
Study 2
The first part of the households’ data for Study 2 was collected with a postal
questionnaire in September 2018 from 700 residents of Ii municipality in northern
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Finland. The response rate was 13.1% (n = 92). The Municipality of Ii was chosen
for the study because it represents a pioneering municipality in striving for carbon
neutrality. This group was called Population I.
The second part of the households’ data for Study 2 were also collected with a
postal questionnaire in September 2018. Response via online form was also an
option by using a link in the covering letter. The household survey was sent to a
random sample of 2 000 Finns. The postal addresses of the participants were
acquired from the Digital and Population Data Services Agency (see subchapter
4.2). The response rate was 16.2% (n = 323). This group was called Population F.
The preliminary results of Study 2 were published as part of an Iisisti Energinen
project report (Jakku-Hiivala, Keränen, Manninen, & Tuomela, 2019).
Questions on background in Study 2 were similar to those in Study 1. Naturally,
the questions were modified to fit households in general, instead of university
students, so questions such as ‘In which faculty do you study (according to your
major)?’ were excluded. ‘Are your studies related to the energy industry or the
electricity market?’ was replaced with ‘Is your work or education related to the
energy industry or the electricity market?’
The questionnaire included the augmented EEIL measure (see the augmented
definition of the concept in subchapter 4.2). The purpose of the questionnaire was
explained in the cover letter to examine people’s perceptions and knowledge in
energy-related matters. In the cover letter, some small adjustments to the wording
concerning the content of the questionnaire were made: ‘In this context, energy
refers to energy used by households mainly for lighting and warming, as well as
energy used by traffic and industry’. Energy used by households was replaced with
the word ‘electricity’: ‘In this context, energy refers to electricity used by
households (for example, lighting and warming), as well as energy used by traffic
and industry’ (see Appendix 2).
The questionnaire in Study 1 (Appendix 1) included the augmented measure
of EEIL (see the augmented definition of the concept in subchapter 4.2), covering
the metacognitive dimension related to energy information, the affective dimension
related to values and attitudes on energy and climate change and the behavioural
dimension (namely, behaviour related to energy and climate change). Study 2 (see
Figure 4) included 21 statements and more items were added: an 11-item
knowledge test (cognitive dimension) and six statements reflecting climate-friendly
behaviour designed for the augmented measure.
The questionnaire in Study 2 (Appendix 2) included a wide variety of questions,
as well as open-ended questions: orientation towards energy issues and familiarity
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with electricity contracts and consumption, energy solutions and heating systems
were inquired. Respondents were asked about their plans to enhance the energy
efficiency of their houses and the challenges they faced related to these issues. The
respondents were also asked to describe what kind of issues they pay attention to
while evaluating the reliability of energy information and its source, as well as
preferences for energy counselling. Lastly, the respondents were asked about their
interest in investing in clean energy or domestic devices improving energy
efficiency, such as solar panels or home automation.
4.4

Statistical analyses of the data

The questionnaire data were saved in number format representing three different
types of variables: continuous, ordinal and nominal variables. For the analyses,
some variables, such as age, were categorised. Also, some categories, such as
income, were merged. The data were analysed by statistical methods, using
principal component analysis and parametric tests. Statistical analyses were
performed using the IBM Statistical Package for the Social Sciences version 24.0
and 25.0. I consulted a statistician to evaluate the analyses.
The same statistical analyses were applied in Study 1 and Study 2, except for
the correlation analysis, which was only applied in Study 2. First, the data on the
statements of the EEIL measure were analysed by principal component analysis to
explore and describe the component structure and find latent variables that
characterise a detectable set of variables in these data. To ensure the applicability
of the analysis, internal consistency of the EEIL measure was analysed using
unstandardised Cronbach’s alpha. All components with an eigenvalue >1 were
extracted, according to the Kaiser–Guttman criterion. To improve the
interpretability of the extracted components, an orthogonal rotation technique
(Varimax criterion) was applied, yielding statistically independent components.
Component scores can be utilised to analyse comprised components. The sum of
the component scores was calculated by regression method – which is considered
more reliable than direct sum, as component simulation sum weighs the
components that correlate strongest with the sum of specific variables
(Metsämuuronen, 2006, p. 501). In this analysis, component scores were applied
when scrutinising groups and derived from EEIL components.
To examine whether the EEIL mean component scores varied across
demographic variables and respondents’ field of study (Study 1) or professional
field (Study 2), mean component scores were calculated with the regression method.
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Negative statements were reversed to positive for the calculation of mean
component scores and Cronbach’s alphas.
To examine differences between two groups, a t-test was applied based on
respondents’ gender, whether their work or education was related to the energy
industry or the electricity market or not (Study 1 and Study 2) and if they were
residents of a pioneering municipality or another municipality (Study 2).
Parametric tests, such as a t-test, can be applied to detect mean differences between
groups. These analysis methods are applicable not only in scale variables but also
in certain ordinal scales, such as the Likert scale (Gray, 2018, p. 627). However, to
be applicable, the data need to follow a normal distribution, and the sample size
needs to be adequate. That being said, these tests may be used even when the
distribution is not perfectly normal (Gray, 2018, pp. 626–630).
When there were more than two groups to compare and the t-test was therefore
inadequate (Gray, 2018, p. 627), the analysis of variance (ANOVA) was applied for
examining associations between variations of EEIL and respondents’ background
variables. The analysis was applied based on age (Study 1 and Study 2), field of
study (Study 1) and income and education levels (Study 2).
The t-test and ANOVA analyses were performed using standardised component
scores, where the mean was set to 0 and the standard deviation to 1. Therefore, any
negative value was below the mean component score and any positive value above
the score. Standardised mean component scores are presented in homogenous
subsets. Each subset comprises a set of means that do not differ from each other
significantly. Also, nonstandardised component means were calculated.
The energy knowledge test included 11 items to which the respondents had to
choose the correct alternative. Of the 11 questions, 10 were included in the analysis.
The question about electricity prices was excluded for its potentially ambiguous
interpretation. Each correct answer equalled 1 point out of a maximum of 10 points.
Alternatives for climate-friendly behaviour items were ‘yes’, ‘no’ and ‘do not
know’; each positive answer equalled 1 point out of a maximum of 6 points.
Correlation describes the extent of association of interdependent variables
(Gray, 2018, p. 636). In this study Spearman’s rho correlation was applied to
analyse the connection between standardised EEIL mean component scores, the
scores of the climate-friendly behaviour items and the knowledge test (Study 2).
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5

Results

In this chapter I present the results of Study 1 and Study 2. In Study 1 the elaborated
EEIL measure was used, whereas Study 2 was based on the augmented EEIL
measure.
5.1

Results of Study 1

In this subchapter I first describe the sociodemographic characteristics of the
university students that participated in Study 1. Second, I examine the EEIL and
the emerged differences by background variables.
5.1.1 Sociodemographic characteristics of the university students of
this study
The mean age of the respondents was 28 years (Table 10). Three quarters of the
respondents were 30 years at most. Over half of the respondents were women
(n = 785, 57.0%), and less than 1% reported their gender as ‘other’. Most of the
respondents (n = 923, 66.5%) were full-time students.
Table 10. Respondents’ sociodemographic characteristics (Study 1, n = 1 390).
Character

n

Mean age

28

%

Gender
Female

785

57.0

Male

582

42.3

Other

10

0.7

Education
Comprehensive school
Upper secondary school

1

0.1

602

43.3

Bachelor’s degree

146

10.5

Master’s degree

621

44.7

Income
Had less than a €2 000 monthly household income

866

62.6

Had a €2 000– €6 000 monthly household income

379

27.4

Had more than a €6 000 monthly household income

139

10.1

Studies related to the energy industry or the electricity market

183

13.2
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Close to half of the respondents (n = 621, 44.7%) already had a university degree
or other degree of a higher education institution. About 13% (n = 183) of the
students reported having studies related to the energy industry or the electricity
market (Table 10).
The respondents had majors (Table 11) in disciplines of the major faculties of
the multidisciplinary university. These were Natural Sciences, Humanities,
Educational Sciences, Medicine, Engineering, Information Technology and
Electrical Engineering, and Business. The smaller faculties were Architecture
(n = 36, 2.6%), Biochemistry and Molecular Medicine (n = 20, 1.4%), Mining
School (n = 27, 1.9%) and other (n = 8, 0.6%). The distribution of the faculties the
respondents’ belonged to represented the student body of the University of Oulu
(2017; Table 11).
Table 11. Respondents’ field of study (major; Study 1, n = 1 390).
Field of study

n

%

Natural Sciences

249

17.9

Humanities

229

16.5

Educational Sciences

214

15.4

Medicine

206

14.8

Engineering

179

12.9

Information Technology and Electrical Engineering

122

8.8

Business

98

7.0

Other faculties

91

6.5

Most of the respondents lived in a rental apartment (n = 1 078, 77.6%), in an
apartment building (n = 944, 68.0%), and in a city with a population over 50 000
(n = 1 212, 87.3%). Most of the respondents lived in a household of one or two
persons (n = 1 144, 82.4%) and had less than a €2 000 monthly household income
(n = 866, 62.6%).
5.1.2 University students’ EEIL
Distribution of the responses (n = 1 390) on the metacognitive dimension of EEIL
related to energy information is displayed in Table 12. Most of the respondents
(n = 1 233, 89.1%) agreed that it is important to be informed about energy issues
and that they know where to seek energy information (n = 846, 60.9%; Table 12).
There was dispersion in responses to finding energy information from different
information sources and evaluating its reliability: A quarter (n = 340, 24.5%) felt
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that finding energy information in printed sources is difficult, but only a few people
(n = 45, 3.2%) reported the same for online sources. One third (n = 461, 33.3%) of
the respondents felt that assessing the reliability of energy information in printed
sources is easy, and about a quarter (n = 322, 23.2%) reported the same for internet
sources. Energy-related terminology and statements were often difficult to
understand for a third (n = 485, 35.1%) of the respondents. Difficulties in knowing
who to believe in energy issues was reported by 38% (n = 527) of the respondents,
while 48.8% (n = 678) reported applying energy-related information to their lives.
Table 12. Distribution of everyday energy information literacy responses on the
metacognitive items related to energy information (Scale 1–5) adapted from the
Everyday Health Information Literacy screening tool (Study 1, n = 1 390).
Item

n

Mean1

658 (47.5) 575 (41.6)

1 384

4.29

Strongly

Disagree

Neither

Agree

Strongly

disagree

n (%)

agree nor

n (%)

agree
n (%)

disagree

n (%)

n (%)
It is important to be informed

4 (0.3)

19 (1.4)

128 (9.3)

28 (2.0)

210 (15.1)

304 (21.9) 565 (40.7) 281 (20.2)

1 388

3.62

42 (3.0)

159 (11.5)

366 (26.4) 509 (36.7) 313 (22.5)

1 389

3.64

60 (4.3)

278 (20.0)

708 (51.1) 284 (20.5)

56 (4.0)

1 386

3

2 (0.1)

1 387

1.87

about energy issues.
I know where to seek energy
information.
I like to get energy
information from a variety of
sources.
It is difficult to find energy
information in printed
sources (magazines and
books).
It is difficult to find energy

493 (35.5) 627 (45.2)

222 (16.0)

43 (3.1)

information on the internet.
It is easy to assess the

38 (2.7)

307 (22.2)

580 (41.9) 420 (30.3)

41 (3.0)

1 386

3.09

95 (6.8)

496 (35.7)

476 (34.3) 299 (21.5)

23 (1.7)

1 389

2.75

144 (10.4) 419 (30.3)

337 (24.3) 424 (30.6)

61 (4.4)

1 385

2.88

reliability of energy
information in printed
sources (magazines and
books).
It is easy to assess the
reliability of energy
information on the internet.
Energy-related terminology
and statements are often
difficult to understand.
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Item

Strongly

Disagree

Neither

Agree

Strongly

disagree

n (%)

agree nor

n (%)

agree

disagree

n (%)

n

Mean1

n (%)

n (%)
I apply energy-related

86 (6.2)

279 (20.1)

345 (24.9) 543 (39.1)

135 (9.7)

1 388

3.26

53 (3.8)

388 (28.0)

418 (30.2) 430 (31.0)

97 (7.0)

1 386

3.09

information to my own life
and/or that of people close
to me.
It is difficult to know who to
believe on energy issues.
1

Likert scale: 1 (strongly disagree) – 5 (strongly agree)

The distribution of the EEIL responses (n = 1 390) on the affective and behavioural
dimensions related to energy and climate change is displayed in Table 13. The vast
majority of the respondents (n = 1 209, 87.0%) were in favour of increasing the use
of renewables in energy production (Table 13). As many as 94.2% (n = 1 309)
recognised the importance of saving energy. Two thirds (n = 916, 66.1%) reported
they would like to do more to save energy if they knew how. Two out of three
(n = 904, 65.1%) respondents claimed their thoughts on energy use affected their
everyday decisions. Over half (n = 800, 57.6%) believed they could contribute to
solving energy issues by their own actions and decisions. Over half of the
respondents (n = 795, 57.2%) also believed in the need to change their lifestyle to
prevent climate change. Almost three quarters (n = 998, 71.8%) reported that
experts’ recommendations have a major effect on their energy decisions.
To examine the structure of the measure and find latent variables describing
the EEIL in this sample, a principal component analysis was conducted. To ensure
the samples were adequate for the analysis, Bartlett’s test of sphericity and the
Kaiser–Mayer–Olkin test for sampling adequacy were conducted. Bartlett’s test of
sphericity was significant (p < 0.001), and the Kaiser–Meyer–Olkin measure of
sampling adequacy value was 0.831, indicating that the correlation matrix is
adequate for principal component analysis and the samples were adequate to
consider the data as normally distributed. Communalities varied between 0.329
and 0.651. The internal consistency measuring the reliability of the EEIL measure
was analysed with Cronbach’s alpha, and it was consistent (0.727).
The principal component analysis indicated that the proposed EEIL measure’s
component structure is multidimensional. This component structure is presented in
Table 14 (see also Appendix 14).
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85

14 (1.0)
42 (3.0)
75 (5.4)

I think saving energy is important.

I would like to do more to save energy if I knew how.

My everyday decisions are affected by my thoughts on energy

1

Likert scale: 1 (strongly disagree) – 5 (strongly agree)

decisions.

Experts’ recommendations have a major effect on my energy

change.

I believe I need to change my lifestyle to prevent climate

actions and decisions.

I believe I can contribute to solving energy issues by my own

32 (2.3)

125 (9.0)

87 (6.3)

24 (1.7)

More energy should be produced by renewable sources.

use.

75 (5.4)
91 (6.6)

I am well aware of my household’s electricity consumption.

371 (26.7)

113 (8.1)

271 (19.5)

275 (19.8)

254 (18.3)

160 (11.5)

32 (2.3)

60 (4.3)

310 (22.3)

222 (16.0)

184 (13.2)

198 (14.2)

144 (10.4)

245 (17.7)

32 (2.3)

74 (5.3)

86 (6.2)

205 (14.8)

n (%)

disagree

n (%)

n (%)

Neither
agree nor

Disagree

Strongly
disagree

I know a lot about energy-related matters.

Item

806 (58.0)

541 (38.9)

629 (45.3)

731 (52.6)

560 (40.4)

409 (29.4)

457 (32.9)

618 (44.5)

604 (43.5)

agree

n (%)

192 (13.8)

254 (18.3)

171 (12.3)

173 (12.5)

356 (25.7)

900 (64.8)

752 (54.1)

279 (20.1)

120 (8.6)

n (%)

Strongly

Agree

24 (1.7)

15 (1.1)

30 (2.2)

12 (0.9)

25 (1.8)

3 (0.2)

23 (1.6)

5 (0.36)

15 (1.1)

n (%)

I cannot say

1 389

1 390

1 390

1 389

1 388

1 390

1 390

1 389

1 390

n

3.8

3.4

3.4

3.5

3.8

4.6

4.4

3.5

3.26

Mean1

Table 13. Distribution of everyday energy information literacy responses on the affective and behaviour items related to energy and

climate change adapted from energy literacy scales (Study 1, n = 1 390).

Table 14. Results of the principal component analysis (rotated component matrix) of
data collected from Finnish university students. (Study 1, n = 1 390).
Component
All
Attitude

11

21

31

41

0.773

0.680

0.618

0.593

It is important to be informed about energy issues.

0.580

More energy should be produced by renewable sources 2

0.513

I think saving energy is important.

0.641

I would like to do more to save energy if I knew how.

0.616

My everyday decisions are affected by my thoughts on

0.596

energy use.
I believe I can contribute to solving energy issues by my

0.652

own actions and decisions.
I believe I need to change my lifestyle to prevent climate

0.683

change.
Experts’ recommendations have a major effect on my

0.603

energy decisions.
Knowing

I like to get energy information from a variety of sources.
Energy-related terminology and statements are often

0.438
-0.462

difficult to understand.
I apply energy-related information to my own life and/or

0.674

that of people close to me.
I know a lot about energy-related matters.

0.783

I am well aware of my household’s electricity

0.754

consumption.
Evaluating It is easy to assess the reliability of energy information in

0.733

printed sources (magazines and books).
It is easy to assess the reliability of energy information on

0.764

the internet.
It is difficult to know who to believe on energy issues.
Finding

-0.684

I know where to seek energy information.
It is difficult to find energy information in printed sources

-0.554
0.716

(magazines and books).
It is difficult to find energy information on the internet.
Total variance explained 50.3%. Cronbach’s alpha 0.727
1

Cronbach’s alpha, 2 The affective and behaviour items related to energy and climate change and

reflecting values, attitudes and behaviour are italicised
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0.692

The principal component analysis revealed four components (Table 15). These
were labelled as follows:
1. ‘Attitude’ includes items reflecting energy-related values, attitudes and
readiness to receive information from experts and change behaviour towards a
climate-friendly mode.
2. ‘Knowing’ includes items on level of expertise in energy information,
willingness to receive energy information from a variety of sources and
awareness in applying energy information in everyday life.
3. ‘Evaluating’ reflects the abilities to evaluate the reliability of energy
information sources.
4. ‘Finding’ reflects finding energy information in printed sources and on the
internet.
It must be noted that most items of the metacognitive dimension related to energy
information – that is, the statements adapted from the EHIL screening tool – were
loaded into the components ‘finding’ and ‘evaluating’. Almost all the items of the
affective and behavioural dimensions – that is, the statements adapted from EL
scales – were loaded into the component ‘attitude’. The component ‘knowing’
included statements related to the metacognitive and behavioural dimensions.
The nonstandardised mean scores were highest for ‘attitude’ and lowest for
‘evaluating’ in the whole sample (Table 15). Besides the component ‘evaluating’,
the means were over 3 on a scale from 1 to 5 – indicating that respondents mostly
agreed on the statements of the EEIL, especially on statements reflecting energyrelated attitudes. Standardised mean component scores (regression method) were
used for subsequent analyses.
Table 15. Descriptive statistics for the four everyday energy information literacy
components (Study 1, n = 1 390).
Component

M

Skewness

Attitude

No. of items
8

3.86

-0.885

Kurtosis
1.175

Alpha
0.773

Knowing

5

3.35

-0.256

-0.338

0.680

Evaluating

3

2.92

-0.145

0.019

0.618

Finding

3

3.58

-0.025

0.036

0.593

Skewness and kurtosis reflect the deviation from a normal distribution, and they
were the largest for the component ‘attitude’ (Table 15, see also subchapter 6.2
‘Limitations and Evaluation of the Methodology). This may indicate unsuitability
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for applying parametric tests. However, the tests do not require the distribution to
be perfectly normal to function (see subchapter 4.4 ‘Statistical Analyses of the
Data’). Skewness represents the asymmetry of the distribution and kurtosis how
tailed the distribution is. Cronbach’s alpha for each of the four EEIL components
represents the internal consistency, which can reflect the reliability of the measure
(namely, how similarly the responses are distributed within components). The
component ‘attitude’ had the highest value, and ‘finding’ had the lowest value
(< 0.6).
5.1.3 Differences in university students’ EEIL
Differences in the university students’ EEIL based on their sociodemographic
background (age, gender) and field of study were analysed with a t-test and
ANOVA. The results are presented in Figures 5 to 8 (see also Appendices 3 and 4).
Age-based statistically significant differences were found in the EEIL mean
component scores for ‘knowing’ and ‘evaluating’ (Figure 5, Appendix 3). Older
students (> 25 years) had higher scores in ‘knowing’ but lower scores in ‘evaluating’
when compared to younger students (< 25 years). The differences were not
significant for the components ‘attitude’ and ‘finding’.
0,25
0,20
0,15
0,10
0,05
0,00
‐0,05
‐0,10
‐0,15
‐0,20
‐0,25
Attitude

Knowing
< 23

23‐25

Evaluating
25‐30

Finding

> 30

Fig. 5. Age differences in everyday energy information literacy of university students
(Study 1, n = 1 390).
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Also, statistically significant gender differences were identified (Figure 6). Female
students’ EEIL mean component scores were higher in ‘attitude’ (M = 0.291 vs
M = -0.383, t(1063) = 12.607, p < 0.001) and lower in ‘knowing’ (M = -0.200 vs
M = 0.291, t(1342) = -9.189, p < 0.001), ‘evaluating’ (M = -0.078 vs M = 0.099,
t(1151) = -3.170, p = 0.002) and ‘finding’ (M = -0.155 vs M = 0.221, t(1342) =
-6.929, p < 0.001) when compared to those of male students.
0,4
0,3
0,2
0,1
0,0
‐0,1
‐0,2
‐0,3
‐0,4
‐0,5
Attitude

Knowing
Male

Evaluating

Finding

Female

Fig. 6. Gender differences in everyday energy information literacy of university
students (Study 1, n = 1 390).

Students in the fields of engineering (engineering, information technology,
electrical engineering) and business received the lowest EEIL mean component
scores for ‘attitude’ and, in turn, the highest for ‘knowing’ and ‘finding’ (Figure 7
and Appendix 4). Students in educational sciences, humanities and other fields
(architecture, biochemistry and molecular medicine, mining school, nonspecified)
had the highest scores in the component ‘attitude’ and the lowest in ‘finding’.
Moreover, the educational sciences and humanities students had the lowest EEIL
mean component scores in ‘knowing’. In the component ‘evaluating’, Business,
Education and Medicine students received the lowest scores, while the engineering
and natural sciences students’ scores were the highest.
Statistically significant differences were found in the EEIL mean component
scores based on whether a respondent’s studies at the university were related to the
energy industry or the electricity market or not (Figure 8). Those whose studies
were related to the two (n = 181) received higher EEIL mean component scores in
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‘knowing’ (M = 0.499 vs M = -0.106, t(273) = 8.873, p < 0.001) and ‘evaluating’
(M = 0.227 vs M = -0.026, t(1286) = 3.164, p = 0.002). The differences were not
significant in ‘attitude’ (M = 0.018 vs M = 0.008, t(1286) = 0.129, p = 0.897) and
‘finding’ (M = 0.102 vs M = -0.010, t(1286) = 1.401, p = 0.162).

1,0
0,5
0,0
‐0,5
‐1,0
Attitude

Knowing

Info.Techn.&Electrical Engineering
Engineering
Natural Sci.

Evaluating

Finding

Business
Medicine
Humanities

Fig. 7. Mean component scores by university students’ field of study (Study 1, n = 1 390).
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0,6
0,5
0,4
0,3
0,2
0,1
0,0
‐0,1
‐0,2
Attitude

Knowing

Evaluating

Studies related to energy industry or electricity market

Finding
Not related

Fig. 8. Differences in everyday energy information literacy of university students based
on whether the studies related to the energy industry or the electricity market (Study 1,
n = 1 390).

5.2

Results of Study 2

In this subchapter I first describe the sociodemographic characteristics of the
Finnish households that participated in Study 2. Second, I examine the Finnish
households’ EEIL and the emerged differences by background variables. Third, I
examine the connection between objectively and subjectively measured dimensions
of EEIL.
5.2.1 Sociodemographic characteristics of Finnish households in
this study
The mean age of the respondents of the households (n = 415) was 55 years (Table
16). Three quarters of the respondents were 45 years at most. Less than half of the
respondents were women (n = 185, 45.2%). Almost half of the respondents had a
university degree (bachelor’s and master’s degrees, n = 178, 43.8%). Respondents’
monthly household income was typically between €2 000 and €6 000 (n = 230,
57.8%).
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Table 16. Respondents’ sociodemographic characteristics (Study 2, n = 415).
Character

All respondents

Ii

Other Finns

n = 415

n = 92

n = 323

55

54

55

Female

185 (45.2%)

39 (43.8%)

146 (45.6%)

Male

224 (54.8%)

50 (56.2%)

174 (54.4%)

Other

0 (0.0%)

0 (0.0%)

0 (0.0%)

Mean age
Gender

Education
Comprehensive school

72 (17.7%)

16 (17.8%)

56 (17.6%)

Upper secondary school

156 (38.4%)

36 (40.0%)

120 (37.6%)

Bachelor’s degree

108 (26.6%)

28 (31.1%)

80 (25.1%)

70 (17.2%)

9 (10.0%)

61 (19.1%)

Master’s degree
Income
Had less than a €2 000 monthly household income

61 (15.3%)

12 (13.6%)

49 (15.8%)

Had a €2 000–€6 000 monthly household income

230 (57.8%)

54 (61.4%)

176 (56.8%)

Had more than a €6 000 monthly household income

107 (26.9%)

22 (25.0%)

85 (27.5%)

Work or education related to the energy industry or

47 (11.4%)

9 (9.9%)

38 (11.9%)

the electricity market

Almost half of the respondents were pensioners (n = 170, 41.3%). Most of the
respondents were homeowners (n = 333, 80.8%). A smaller percentage of the
respondents lived in a rental apartment (n = 68, 16.5%). Most of the respondents
lived in a row house or bungalow (n = 308, 74.4%) and less than a quarter (n = 93,
22.5%) in an apartment building. Most of the respondents (n = 303, 73.6%) lived
in a household of one or two persons.
5.2.2 Finnish households’ EEIL
The distribution of the responses (n = 415) on the metacognitive dimension of EEIL
related to energy information is displayed in Table 17. Most of the respondents
agreed that it is important to be informed about energy issues (n = 353, 86.5%) and
knew where to seek energy information (n = 318, 77.8%). Two thirds (n = 272,
66.2%) reported using energy information in their everyday decisions. Over half
(n = 213, 52.2%) of the respondents had difficulties in knowing who to believe on
energy issues.
There was dispersion in the responses to finding energy information in printed
sources (magazines and books) and evaluating its reliability. Most of the
respondents (n = 262, 64.9%) reported that finding energy information on the
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internet is not difficult, although there was more dispersion of responses concerning
evaluating the reliability of energy information on the internet.
The distribution of the EEIL responses (n = 415) on the affective and
behavioural dimensions related to energy and climate change is displayed in Table
18. Positive responses were emphasised in value and attitude statements: Almost
all respondents (n = 367, 90.2%) agreed that more energy should be produced by
renewable sources and recognised the importance of saving energy (n = 390,
94.9%). Almost two thirds (n = 258, 63.5%) of them would like to do more to save
energy if they knew how. The vast majority of the respondents (n = 347, 84.4%)
were aware that carbon dioxide emissions from the use of fossil fuels have an
impact on global warming. Nearly as many (n = 320, 77.7%) of the respondents
believed they could contribute to reducing carbon dioxide emissions by their own
actions and decisions. There was more dispersion of responses for the statement ‘I
believe I need to change my lifestyle to prevent climate change’, as one third of the
respondents (n = 143, 35.0%) agreed and almost as many disagreed (n = 137,
33.6%) with this statement. Over half of the respondents (n = 239, 58.1%) reported
that experts’ recommendations have a major effect on their energy decisions.
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94
33 (8.1)

Energy-related numeric information is often difficult to

1

Likert scale: 1 (strongly disagree) – 5 (strongly agree)

understand.

7 (1.7)
18 (4.4)

It is difficult to know who to believe in energy issues.

27 (6.6)

23 (5.6)

20 (4.9)

I use energy information in my everyday decisions.

to understand.

Energy-related terminology and statements are often difficult

internet.

It is easy to assess the reliability of energy information on the

printed sources (magazines and books).

It is easy to assess the reliability of energy information in

It is difficult to find energy information on the internet.

103 (25.5)

33 (8.1)

It is difficult to find energy information in printed sources

(magazines and books).

15 (3.7)

8 (2.0)

I know where to seek energy information.

I like to get energy information from a variety of sources.

3 (0.7)

86 (21.2)

70 (17.2)

35 (8.5)

95 (23.2)

114 (27.9)

85 (20.7)

159 (39.4)

111 (27.3)

30 (7.3)

24 (5.9)

10 (2.5)

67 (16.5)

79 (19.4)

73 (17.8)

79 (19.3)

109 (26.7)

113 (27.6)

57 (14.1)

84 (20.6)

78 (19.1)

38 (9.3)

32 (7.8)

n (%)

disagree

agree nor

n (%)

disagree
n (%)

Neither

Disagree

Strongly

It is important to be informed about energy issues.

Item

information (Study 2, n = 415).

146 (36.0)

141 (34.6)

189 (46.0)

130 (31.8)

85 (20.8)

106 (25.9)

34 (8.4)

82 (20.1)

140 (34.2)

146 (35.7)

143 (35.0)

agree

n (%)

60 (14.8)

72 (17.6)

83 (20.2)

53 (13.0)

24 (5.9)

23 (5.6)

12 (3.0)

33 (8.1)

110 (26.9)

172 (42.1)

210 (51.5)

n (%)

Strongly

Agree

14 (3.4)

28 (6.9)

24 (5.8)

25 (6.1)

54 (13.2)

63 (15.4)

39 (9.7)

64 (15.7)

36 (8.8)

21 (5.1)

10 (2.5)

n (%)

I cannot say

406

408

411

409

409

410

404

407

409

409

408

n

3.2

3.2

3.6

3.0

2.5

2.6

2.0

2.5

3.5

4.0

4.3

Mean1

Table 17. Distribution of the everyday energy information literacy responses on the metacognitive items related to energy
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7 (1.7)

1

Likert scale: 1 (strongly disagree)–5 (strongly agree)

decisions.

Experts’ recommendations have a major effect on my energy

effect on my energy decisions.

Experiences and opinions of people I know have a major

change.

I believe I need to change my lifestyle to prevent climate

by my own actions and decisions.

I believe I can contribute to reducing carbon dioxide emissions

impact on global warming.

Carbon dioxide emissions from the use of fossil fuels have an

23 (5.6)

70 (17.0)

36 (8.8)

9 (2.2)

7 (1.7)

13 (3.2)

I think saving energy is important.

I would like to do more to save energy if I knew how.

7 (1.7)

10 (2.5)

More energy should be produced by renewable sources.

16 (3.9)

I am well aware of my household’s electricity consumption.

37 (9.0)

114 (27.7)

101 (24.8)

21 (5.1)

10 (2.4)

30 (7.4)

5 (1.2)

4 (1.0)

28 (6.9)

32 (7.9)

97 (23.6)

94 (22.9)

110 (27.0)

43 (10.4)

26 (6.3)

82 (20.2)

6 (1.5)

21 (5.2)

6 (1.5)

88 (21.7)

n (%)

disagree

n (%)

n (%)

Neither
agree nor

Disagree

Strongly

I like to get energy information.

Item
disagree

172 (41.8)

93 (22.6)

96 (23.5)

157 (38.1)

92 (22.4)

163 (40.1)

72 (17.5)

125 (30.7)

128 (31.5)

156 (38.4)

agree

n (%)

67 (16.3)

19 (4.6)

47 (11.5)

163 (39.6)

255 (62.0)

95 (23.4)

318 (77.4)

242 (59.5)

227 (55.9)

94 (23.2)

n (%)

Strongly

Agree

15 (3.6)

21 (5.1)

18 (4.4)

19 (4.6)

21 (5.1)

23 (5.7)

3 (0.7)

8 (2.0)

7 (1.7)

20 (4.9)

n (%)

I cannot say

411

411

408

412

411

406

411

407

406

406

n

3.4

2.6

2.9

3.9

4.3

3.6

4.7

4.4

4.3

3.5

Mean1

Table 18. Distribution of the everyday energy information literacy responses on the affective and behaviour items related to energy

and climate change (Study 2, n = 415).

The distribution of the climate-friendly behaviour responses (n = 415) is displayed
in Table 19. Most of the respondents (n = 291, 71.9%) reported cycling or walking
for short distances. Half (n = 198, 48.8%) of them reported using public
transportation when possible, and less than half (n = 170, 42.0%) preferred
carpooling or bought electricity produced from renewable energy sources (n = 167,
41.3%). One third of the respondents (n = 138, 33.7%) reported to have voted in
the last parliamentary elections for a candidate who promotes the use of renewable
energy. Less than half (n = 175, 42.5%) travelled by plane on vacation in the past
year.
Table 19. Distribution of the climate-friendly behaviour responses (Study 2, n = 415).
Item

No

Yes

I cannot say

n (%)

n (%)

n (%)

n

I use public transportation when possible.

200 (49.3)

198 (48.8)

8 (2.0)

406

I prefer carpooling.

201 (49.6)

170 (42.0)

34 (8.4)

405

I cycle or walk for short distances.

99 (24.4)

291 (71.9)

15 (3.7)

405

I travelled by plane on vacation in the past year.

235 (57.0)

175 (42.5)

2 (0.5)

412

In the last parliamentary elections, I voted for a

94 (23.0)

138 (33.7)

177 (43.3)

409

63 (15.6)

167 (41.3)

174 (43.1)

404

candidate who promotes the use of renewable energy.
The electricity I buy for my household is produced from
renewable energy sources.

The results from the energy knowledge test are displayed in Table 20. Renewable
energy sources and fossil fuels were familiar to almost all the respondents (n = 389,
93.7%, and n = 379, 93.3%, respectively). The respondents were well aware of the
unit of measurement used to measure electricity consumption on the electricity bill
(n = 395, 95.2%), as well as which appliance consumes the most energy in Finnish
households (n = 376, 90.6%). The term ‘demand response’ (n = 212, 52.2%) and
the large carbon footprint of Finns (n = 220, 54.2%) were less familiar.
Similar to Study 1, principal component analysis was conducted to explore the
structure of the measure and find latent variables of the EEIL in this sample. The
augmented EEIL measure included behaviour items (climate-friendly behaviour)
and a 10-item knowledge test (energy knowledge). Their scores were calculated
separately, not as part of the principal component analysis. This was to supplement
the results of the principal component analysis.
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Table 20. Distribution of the cognitive items related to energy knowledge (knowledge
test; Study 2, n = 415).
Item

Correct

Incorrect or

response

missing

n (%)

response

n

n (%)
What unit of measurement is used to measure electricity

395 (95.2)

20 (4.8)

405

376 (90.6)

39 (9.4)

398

255 (61.4)

160 (38.6)

398

354 (85.3)

61 (14.7)

405

389 (93.7)

26 (6.3)

400

Finns’ carbon footprint per capita is large by international standards.

220 (54.2)

186 (45.8)

406

Home automation can save energy.

317 (78.1)

89 (21.9)

406

consumption on the electricity bill? (Kilowatt hour)
Which appliance, on average, consumes the most energy in Finnish
households? (Heating)
Which of the following generates the most electricity in Finland?
(Nuclear power)
What is renewable energy? (Energy sources which, regardless of
use or at least when used sustainably, are renewable and do not
decrease)
Which of the following is not a renewable energy source? (Fossil
fuels)

Fossil fuels include coal, natural gas and oil.

379 (93.3)

27 (6.7)

406

Energy cannot be created from scratch, and it does not disappear

245 (60.3)

161 (39.7)

406

212 (52.2)

194 (47.8)

406

but changes its form.
Demand response refers to electricity consumers’ reaction to the
changes in electricity price and availability by changing their
consumption behaviour.

Bartlett’s test of sphericity was significant (p < 0.001). Kaiser-Meyer-Olkin
measure of sampling adequacy value was 0.796. Communalities varied
between 0.404 and 0.836. The internal consistency representing reliability of the
EEIL measure was analysed by Cronbach’s alpha, and it was consistent (0.745).
The principal component analysis indicated that the proposed EEIL measure’s
component structure is multidimensional. This multidimensional structure of EEIL
is displayed in Table 21 (see also Appendix 15).
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Table 21. Results of the principal component analysis (rotated component matrix) of
data collected from Finnish households (Study 2, n = 415).
11

Component
All
Attitude

21

31

41

51

0.738 0.587 0.791 0.512 0.722
I think saving energy is important.2

0.752

More energy should be produced by renewable sources. 0.730
Carbon dioxide emissions from the use of fossil fuels

0.718

have an impact on global warming.
I believe I can contribute to reducing carbon dioxide

0.714

emissions by my own actions and decisions.
It is important to be informed about energy issues.

0.605

Advocacy for I would like to do more to save energy if I knew how.

0.511

change

0.504

I believe I need to change my lifestyle to prevent climate
change.
Experiences and opinions of people I know have a

0.574

major effect on my energy decisions.
Experts’ recommendations have a major effect on my

0.548

energy decisions.
I like to get energy information.

0.655

I like to get energy information from a variety of sources.

0.597

It is difficult to find energy information in printed sources

0.628

(magazines and books).
Access

It is difficult to find energy information on the internet.

0.455

Energy-related terminology and statements are often

0.902

difficult to understand.
Energy-related numeric information is often difficult to

0.892

understand.
It is difficult to know who to believe on energy issues.
Awareness

I am well aware of my household’s electricity

0.707
0.713

consumption.
I know where to seek energy information.

0.677

I use energy information in my everyday decisions.

0.588

Assessment It is easy to assess the reliability of energy information in

0.824

printed sources (magazines and books).
It is easy to assess the reliability of energy information

0.863

on the internet.
Total variance explained 59.1%, Cronbach’s alpha 0.745
1

Cronbach’s alpha, For the purpose of clarity, only component loadings > 0.40 are printed in the table,

2

The affective and behaviour items related to energy and climate change reflecting values, attitudes and

behaviour are italicised.
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The principal component analysis revealed five components (Table 22). These were
labelled as follows:
1.
2.

3.
4.
5.

‘Attitude’, reflecting attitudes towards climate change and energy issues.
‘Advocacy for change’, reflecting the willingness to change, preference to get
information from a variety of sources and the facility to find it in printed
sources, willingness to receive information from experts and other
people/acquaintances and willingness to save energy and change behaviour
towards a climate-friendly mode.
‘Access’, reflecting the perceived ease of finding reliable and understandable
energy information.
‘Awareness’ as applying energy information in everyday life activities.
‘Assessment’, reflecting the ability to evaluate the reliability of printed and
online energy information sources.

Most of the metacognitive items related to energy information – that is, the
statements adapted from the EHIL screening tool – were loaded into the
components ‘access’ ‘awareness’ and ‘assessment’. Almost all the items of the
affective and behavioural dimensions related to energy and climate change were
loaded into the components ‘attitude’ and ‘advocacy for change’.
Descriptive statistics for the five EEIL components of the households’ data
(Study 2) are displayed in Table 22. The nonstandardised means were the highest
for ‘attitude’ and ‘awareness’ and the lowest for ‘assessment’. In subsequent
analyses the mean scores were standardised (the mean set to 0 and the deviation
calculated from 0, negative is lower and positive is higher than the mean).
Table 22. Descriptive statistics for the five everyday energy information literacy
components (Study 2, n = 415).
Component

No. of items

M (SD)

Skewness

Kurtosis

Attitude

5

4.438 (0.584)

-2.445

10.156

Alpha
0.738

Advocacy for change

7

3.412 (0.574)

-0.644

1.402

0.587

Access

4

3.017 (0.886)

-0.048

-0.645

0.791

Awareness

3

4.088 (0.683)

-1.033

2.525

0.512

Assessment

2

2.988 (0.905)

-0.120

0.094

0.722

Skewness and kurtosis reflect the deviation from a normal distribution, and they
were the largest for the component ‘attitude’ (Table 22, see also subchapter 6.2
‘Limitations and Evaluation of the Methodology’). This may indicate unsuitability
for applying parametric tests. However, the tests do not require the distribution to
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be perfectly normal to function (see subchapter 4.4 ‘Statistical Analyses of the
Data’). Skewness represents the asymmetry of the distribution and kurtosis how
tailed the distribution is. Cronbach’s alpha for each of the five EEIL components
represents the internal consistency, which can reflect the reliability of the measure
(namely, how similarly the responses are distributed within components). The
values were high for the component ‘attitude’ and low (< 0.6) for the components
‘awareness’ and ‘advocacy for change’. Descriptive statistics for the six climatefriendly behaviour items are displayed in Table 23. The mean score was 2.951 on a
scale from 0 to 6. Later on, when scrutinising the differences in EEIL between
groups, the mean scores were standardised.
Descriptive statistics for the 10 cognitive items related to energy knowledge
(knowledge test) are displayed in Table 23. On a scale from 0 to 10, the mean score
for the energy knowledge test was 7.704 in the whole sample. Later on, when
scrutinising the differences in EEIL between groups, the mean scores were
standardised.
Table 23. Descriptive statistics for climate-friendly behaviour items (Study 2, n = 415).
Item
Climate-friendly behaviour items
Knowledge test

No. of items

M (SD)

Skewness

6

2.951 (1.377)

0.113

Kurtosis
-0.477

10

7.704 (1.746)

-0.716

-0.024

5.2.3 Differences in Finnish households’ EEIL
The differences in the Finnish households’ EEIL were examined based on the
respondents’ sociodemographic background information (age, gender, education
level [including their work or education being related to the energy industry or the
electricity market] and income level). The information was analysed with a t-test
and ANOVA. In this subchapter, I present the differences in EEIL mean component
scores, climate-friendly behaviour and the knowledge test. Note that due to varying
analyses, these are not comparable as such. However, the scores are
normalised/standardised (mean set to 0) to enable comparison to some extent.
The differences in the EEIL by age are displayed in Figure 9 (see Appendices
5–7). Based on the respondents’ age, statistically significant differences were found
in the EEIL’s component ‘awareness’: Older respondents received higher scores
when compared to the younger ones. Respondents over 57 years old received the
highest score, and respondents under 57 years old received the lowest score. The
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difference was not statistically significant for the other components: ‘attitude’,
‘advocacy for change’, ‘access’ or ‘assessment’.
Respondents between 57 and 65 years old received the lowest scores and
respondents under 42 years old received the highest scores in the climate-friendly
behaviour. However, the differences were not statistically significant. In the
knowledge test, younger (< 42 years old) respondents received higher scores when
compared to older (> 65 years old) respondents.
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Fig. 9. Age differences in the everyday energy information literacy of Finnish household
respondents (Study 2, n = 415).

Statistically significant differences by gender were found in the EEIL’s components
‘attitude’ and ‘access’ (Figure 10). Female respondents’ EEIL mean component
scores were higher for the component ‘attitude’ (M = 0.259 vs M = -0.138,
t(242) = 3.385, p = 0.001) and lower for the component ‘access’ (M = -0.323 vs
M = 0.248, t(242) = -4.633, p < 0.001) when compared to male respondents. The
difference for the other components – ‘advocacy for change’ (M = -0.006 vs
M = -0.001, t(242) = -0.035, p = 0.972), ‘awareness’ (M = -0.081 vs M = 0.051,
t(242) = -1.022, p = 0.308) and ‘assessment’ (M = -0.020 vs M = 0.020,
t(242) = -0.316, p = 0.752) – were not statistically significant.
With regard to climate-friendly behaviour, female respondents received higher
scores (M = 3.162 vs M = 2.790, t(380) = 2.661, p = 0.008) when compared to
male respondents. The differences in the knowledge test were not statistically
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significant. Male respondents received slightly higher scores (M = 7.865 vs
M = 7.553, t(399) = -1.796, p = 0.073) when compared to female respondents.
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‐0,2
‐0,3

Male

Knowledge
test

Climate
friendly
behaviour

Assessment

Awareness

Access

Advocacy
for change

Attitude

‐0,4

Female

Fig. 10. Gender differences in the everyday energy information literacy of Finnish
household respondents (Study 2, n = 415).

The differences in EEIL by education level are displayed in Figure 11 (see
Appendices 8–10). Statistically significant differences in EEIL mean component
scores for the components ‘access’ and ‘assessment’ were found based on the
respondents’ level of education. Respondents with the lowest education level
(comprehensive school) had the lowest EEIL mean component score, while
respondents with a higher education level (master’s or bachelor’s degree) had the
highest scores for the component ‘access’. However, respondents with
comprehensive school education (lowest education level) had the highest mean
component score for the component ‘assessment’, while respondents with a
bachelor’s degree had the lowest score. The difference was not statistically
significant for the components ‘attitude’, ‘advocacy for change’ and ‘awareness’.
Respondents with a lower education level (comprehensive school or upper
secondary school) received the highest scores for climate-friendly behaviour, while
those with a bachelor’s degree received the lowest score. The differences were
statistically significant. Respondents with higher education received higher scores
in the knowledge test: respondents with comprehensive school education received
the lowest score, while those with a master’s degree received the highest score. The
differences were statistically significant.
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Fig. 11. Differences in everyday energy information literacy by education level of
Finnish household respondents (Study 2, n = 415).

Statistically significant differences in whether or not the respondents’ work or
education was related to the energy industry or the electricity market were found
for the components ‘access’ (M = 0.693 vs M = -0.080, t(237) = 4.012, p < 0.001)
and ‘awareness’ (M = 0.445 vs M = -0.068, t(47) = 3.644, p = 0.001; Figure 12).
The difference was statistically insignificant for the components ‘attitude’
(M = -0.243 vs M = 0.049, t(237) = -1.568, p = 0.118), ‘advocacy for change’
(M = 0.057 vs M = -0.002, t(237) = 0.290, p = 0.772) and ‘assessment’
(M = -0.203 vs M = 0.025, t(237) = -1.162, p = 0.246).
The differences in the climate-friendly behaviour were not statistically
significant by whether or not respondents’ work or education was related to the
energy industry or the electricity market (M = 2.932 vs M = 2.940, t(373) = -0.035,
p = 0.972). Those whose work or education was related to the energy industry or
the electricity market (Figure 12) received higher knowledge test scores (M = 8.277
vs M = 7.672, t(393) = 2.279, p = 0.023). The differences were statistically
significant.
The differences in EEIL by income level are displayed in Figure 13 (see
Appendices 11–13). The differences in the EEIL mean component scores by
income level were not statistically significant. The differences in climate-friendly
behaviour and the knowledge test were statistically significant.
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Fig. 12. Differences in everyday energy information literacy based on whether
respondents’ work or education is related to the energy industry or the electricity
market (Study 2, n = 415).
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Fig. 13. Differences in everyday energy information literacy by income level (euros) of
Finnish household respondents (Study 2, n = 415).

Respondents with the lowest income level (< €2 000) received the highest scores
for climate-friendly behaviour, while respondents with a higher income level
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(> €6 000) received the lowest scores. Respondents of the lowest income level
(< €2 000) received the lowest scores in the knowledge test.
5.2.4 EEIL by residence in a pioneering municipality in striving for
carbon neutrality and in other municipalities in Finland
To determine whether there are differences in the EEIL between residents of a
pioneering municipality in striving for carbon neutrality compared to other Finns,
a t-test was applied. The results of the EEIL, as assessed with the 21-item measure,
climate-friendly behaviour and the knowledge test, were compared using residency
in the Municipality of Ii, a pioneering municipality in striving for carbon neutrality,
and other municipalities in Finland (Figure 14).
0,2
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0,0
‐0,1
‐0,2
‐0,3
‐0,4
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Knowledge
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Climate
friendly
behaviour

Assessment

Awareness
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Advocacy
for change

Attitude

‐0,5

Finns

Fig. 14. Differences in everyday energy information literacy by municipality of residence
of Finnish household respondents (Study 2, n = 415).

The difference was significant (p < 0.05) only in the component ‘advocacy for
change’, where residents of Ii municipality received lower scores (M = -0.256 vs
M = 0.069, t(244) = -2.094, p = 0.037) when compared to other Finns. The EEIL
mean component scores for the residents’ of Ii municipality were also lower for
‘attitude’ (M = -0.110 vs M = 0.029, t(244) = -0.893, p = 0.373) and ‘access’
(M = -0.097 vs M = 0.026, t(244) = -0.783, p = 0.434) and higher for ‘awareness’
(M = 0.047 vs M = -0.013, t(244) = 0.381, p = 0.704) and ‘assessment’ (M = 0.046
105

vs M = -0.012, t(244) = 0.376, p = 0.707) when compared to those of other Finns.
However, these differences were not statistically significant.
The residents of Ii municipality received lower scores both for the knowledge
test (M = 7.319 vs M = 7.816, t(404) = -2.407, p = 0.017) and for climate-friendly
behaviour (M = 2.674 vs M = 3.030, t(385) = -2.121, p = 0.035) when compared to
other Finns. The differences were statistically significant (Figure 14).
5.2.5 The connection between objectively and subjectively measured
dimensions of EEIL
As the final stage of the analysis, the connection between EEIL mean component
scores, the cognitive dimension related to energy knowledge (knowledge test) and
climate-friendly behaviour were examined with Spearman’s rho correlation. The
results are presented in Table 24.
Table 24. The statistically significant correlations (Spearman’s rho correlations)
between the five components of everyday energy information literacy, climate-friendly
behaviour and the knowledge test (Study 2, n = 415).
Group
Climate-friendly behaviour
Knowledge test

Attitude

Advocacy for change

x

x
x

Access

Awareness

Assessment

x

Based on this analysis, there was a positive association between the scores
reflecting climate-friendly behaviour and the components ‘attitude’ (r = 0.266,
n = 236, p < 0.001) and ‘advocacy for change’ (r = 0.169, n = 236, p = 0.009).
Moreover, a correlation was found between the knowledge test scores and the
components ‘advocacy for change’ (r = 0.182, n = 239, p = 0.005) and ‘access’
(r = 0.239, n = 239, p < 0.001). The results were statistically significant, although
the correlations were low (see a more detailed interpretation in Chapter 6).
5.3

Comparison of the results of Study 1 and Study 2

In this subchapter I compare the results of Study 1 and Study 2. First, I present a
summary of results of both studies. Second, I compare the component structure of
the measures used in Study 1 and Study 2. Third, I scrutinise the differences and
similarities of the results by background variables. I also consider the need for
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theoretical and measuring development of EEIL that the results from the three
populations (S, I and F) indicate.
5.3.1 Summary of the results of Study 1 and Study 2
Study 1 was based on the elaborated definition of EEIL. The definition covered the
understanding of energy-related issues in everyday life gained through the abilities
to recognise an energy information need, identify likely information sources and
use them to retrieve relevant information. Assessing the quality of the information
and its applicability to a specific situation and analysing, understanding and using
the information to make informed decisions in energy-related matters were also
included, as well as the ability to understand the connection between one’s own
actions and climate change and improve one’s own actions towards behaving in a
sustainable way, including using renewable energy and saving energy. This
definition of EEIL was operationalised to a 21-item measure that was reduced to
19 statements during the analyses to enhance the functionality of the measure. The
measure included a metacognitive dimension related to energy information and
affective and behavioural dimensions related to energy and climate change.
Based on the analysis of the empirical data collected from a university student
sample, four components reflecting one’s own subjective perception were found
and labelled as follows (see Appendix 14):
1. ‘attitude’, including energy-related values, attitudes and readiness to receive
information from experts and change behaviour towards a climate-friendly
mode;
2. ‘knowing’, including the level of expertise in energy information, willingness
to receive energy information from a variety of sources and awareness in
applying energy information in everyday life;
3. ‘evaluating’, which reflects the abilities to evaluate the reliability of energy
information sources; and
4. ‘finding’, which reflects finding energy information in printed sources and on
the internet.
Most of the metacognitive items were loaded into the components ‘finding’ and
‘evaluating’. These components reflect the respondent’s self-evaluated abilities to
find energy information and evaluate the reliability of energy information sources.
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The analyses indicated statistically significant differences across the identified
components based on university students’ background information – namely, age,
gender and field of study:
1.
2.
3.

4.

Older students (> 25 years) had higher scores in ‘knowing’ but lower scores in
‘evaluating’ when compared to younger students (< 25 years).
Women had higher scores in ‘attitude’ but lower scores in ‘knowing’,
‘evaluating’ and ‘finding’ when compared to men.
Students in educational sciences, humanities and fields categorised as ‘other’
had the highest scores in ‘attitude’ and the lowest in ‘finding’. Students in the
fields of engineering and business received the lowest scores for ‘attitude’ and
the highest for ‘knowing’ and ‘finding’. The educational sciences and
humanities students had the lowest scores in ‘knowing’. In ‘evaluating’,
business, education and medicine students received the lowest scores, while
engineering and natural sciences students’ scores were the highest.
Those whose studies were related to the energy industry or the electricity
market received higher scores in ‘knowing’ and ‘evaluating’.

For Study 2, the augmented definition of EEIL was developed. According to the
definition, an everyday energy information literate person has a sound conceptual
knowledge base and an understanding of energy-related issues in everyday life, as
well as the abilities to recognise an energy information need, identify likely
information sources and use them to search relevant information. Assessing the
quality of the information and its applicability to a specific situation and analysing,
understanding and using the information to make informed decisions in energyrelated matters are included, as well as the ability to understand the connection
between one’s own actions and climate change and the willingness and ability to
improve one’s own actions towards behaving in a sustainable way, including using
renewable energy and saving energy.
In addition to the metacognitive dimension related to energy information and
the affective and behavioural dimensions related to energy and climate change, the
definition was augmented by strengthening the behavioural dimension and adding
a cognitive dimension related to energy knowledge. The measure was augmented
accordingly: the 21-item EEIL measure (with some small changes to the elaborated
measure, see subchapter 4.2) was augmented with the behaviour items (six items
reflecting climate-friendly behaviour) and the cognitive items related to energy
knowledge (an 11-item knowledge test that was reduced to 10 items during the
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analyses). However, the principal component analyses only included the 21-item
measure; the added cognitive and behaviour items were analysed separately.
Based on the empirical data collected among Finns and people of Ii
municipality, the five components reflecting Finnish households’ subjective
perceptions were found and labelled as follows (see Appendix 15):
1.
2.

3.
4.
5.

‘Attitude’ towards climate change and energy issues.
‘Advocacy for change’, reflecting the willingness to change, preference to get
information from a variety of sources and the facility to find it in printed
sources, willingness to receive information from experts and other
people/acquaintances and willingness to save energy and change behaviour
towards a climate-friendly mode.
‘Access’, reflecting the perceived ease of finding reliable and understandable
energy information.
‘Awareness’ – applying energy information in everyday life activities.
‘Assessment’, reflecting the ability to evaluate the reliability of printed and
online energy information sources.

Most of the statements related to the metacognitive dimension were loaded into the
components ‘access’ ‘awareness’ and ‘assessment’ and almost all the statements
related to the affective and behavioural dimensions were loaded into the
components ‘attitude’ and ‘advocacy for change’. However, the metacognitive
items assimilated more with affective and behaviour items in Study 2 when
compared to Study 1, especially within the components ‘attitude’ and ‘advocacy
for change’.
The analyses indicated statistically significant differences across respondents’
background information – namely, age, gender, professional field, and education
and income levels. The knowledge test indicated statistically significant differences
associated with the respondents’ age and level of education, as well as education or
work related to the energy industry or the electricity market and income.
1.

The only statistically significant age difference was found for ‘awareness’ as
applying energy information in everyday life activities. Older (> 57 years old)
respondents had higher scores when compared to younger (< 57 years old)
respondents. The youngest respondents (< 42 years old) had the lowest score.
Statistically significant differences were found in knowledge test scores by age.
Younger (< 42 years old) respondents had higher knowledge test scores when
compared to older (> 65 years old) respondents.
109

2.

3.

4.

5.

6.
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Gender differences were found for ‘attitude’ towards climate change and
energy issues and ‘access’, reflecting the perceived ease of finding reliable and
understandable energy information. Women’s scores were higher for ‘attitude’
and lower for ‘access’ when compared to men’s scores. Women also had higher
scores for climate-friendly behaviour.
Differences were found for ‘access’ and ‘assessment’ based on the respondents’
education level. Respondents with the lowest education level (comprehensive
school) had the lowest score, while respondents with a higher education level
(master’s degree and bachelor’s degree) had the highest scores for ‘access’.
Respondents with comprehensive school education (lowest education level)
had the highest scores for ‘assessment’, while respondents with a bachelor’s
degree had the lowest. For climate-friendly behaviour, respondents with the
lowest education level had the highest score, while those with a bachelor’s
degree had the lowest. Respondents with a higher education level had higher
scores in the knowledge test when compared to those with a lower education
level.
Respondents whose work or education were related to the energy industry or
the electricity market had higher scores for ‘access’ and ‘awareness’. The
differences in climate-friendly behaviour regarding whether or not the
respondents’ work or education was related to the energy industry or the
electricity market were not statistically significant. Those whose work or
education were related to the two had higher scores in the knowledge test.
Differences in scores by income level were not statistically significant.
Respondents with the lowest income level had the highest scores for climatefriendly behaviour but the lowest scores in the knowledge test.
Minor differences were found based on residence in a pioneering municipality
in striving for carbon neutrality or in another municipality in Finland.
Residents of Ii municipality received slightly lower scores for ‘advocacy for
change’, climate-friendly behaviour and the energy knowledge test. ‘Advocacy
for change’, reflecting the willingness to change, preference to get information
from a variety of sources and the facility to find it in printed sources,
willingness to receive information from experts and other
people/acquaintances and willingness to save energy and change behaviour
towards a climate-friendly mode.

5.3.2 Comparison of the component structure of the measures used
in Study 1 and Study 2
In this subchapter I compare the component structure of the measure in Study 1 and
Study 2 in relation to the three perspectives applied in the operationalisation of the
notion of EEIL:
1.
2.
3.

competencies related to energy information (metacognitive dimension),
values and attitudes related to energy and climate change (affective dimension),
behaviour related to energy and climate change (behavioural dimension).

The fourth perspective – the cognitive dimension (knowledge test) – was included
in the broadest augmented definition of the EEIL (Study 2). However, the cognitive
dimension was analysed separately and is therefore not part of the principal
component analyses, nor were the additional climate-friendly behaviour items.
The component loadings of the metacognitive items related to energy
information were rather separate from the affective and behaviour items related to
energy and climate change in both measures, which justifies including the
metacognitive dimension in the measure. As can be observed in Table 25, the
metacognitive dimension is present in all the components of Study 1 and Study 2,
while the affective and behavioural dimensions appear in two (‘attitude’ and
‘knowing’) out of four components (Study 1) and three (‘attitude’, ‘advocacy for
change’ and ‘awareness’) out of five components. This indicates that the
metacognitive dimension is crucial when defining EEIL and the related measure
since its variables cross-section the components of the measure in both empirical
studies of this thesis (Table 25)
The statement representing the metacognitive dimension related to recognising
an energy information need was loaded into the component ‘attitude’ in both Study
1 and Study 2. Other statements in the component ‘attitude’ represent the affective
and behavioural dimensions.
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Table 25. Operationalisation of the everyday energy information literacy concept and the number of items loaded into each
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The component ‘knowing’ was the most diverse. In addition to including the
metacognitive dimension related to identifying likely information sources and
using them to retrieve relevant information, as well as analysing, understanding and
using the information to make informed decisions in energy-related matters, the
affective and behavioural dimensions were covered. These were related to the use
of the information to make informed decisions in energy-related matters, as well as
the ability to understand the connection between one’s own actions and climate
change and improve one’s own actions towards behaving in a sustainable way,
including using renewable energy and saving energy.
The components ‘evaluating’ and ‘finding’ included statements exclusively
from the metacognitive dimension. The statements related to identifying likely
information sources and using them to retrieve relevant information were loaded
mainly in the component ‘finding’. The component loadings for ‘evaluating’ reflect
the assessment of the quality of the information and its applicability to a specific
situation.
In Study 2 there was more variation than in Study 1 when comparing the
operationalisation of the augmented definition of the EEIL concept (Chapter 4
‘Research Methodology and Empirical Studies’) with the component loadings of
the EEIL statements (Chapter 5 ‘Results’). First, the knowledge test (reflecting a
sound conceptual knowledge base and an understanding of energy-related issues in
everyday life) and climate-friendly behaviour items were included when designing
the operationalisation of the EEIL measure (see Tables 5 and 7). However, the
knowledge test and climate-friendly behaviour items were analysed separately, not
as a part of a principal component analysis.
Similar to Study 1, the statement related to recognising an energy information
need was loaded into the component ‘attitude’. Also, understanding the connection
between one’s own actions and climate change and the willingness and ability to
improve one’s own actions towards behaving in a sustainable way, including using
renewable energy and saving energy, were mostly loaded into the component
‘attitude’.
However, a fair proportion of the statements loaded into the component
‘attitude’ in Study 1 were loaded into the component ‘advocacy for change’ in
Study 2. This indicates that ‘advocacy for change’ specifies the affective dimension
related to values and attitudes and brings new insight regarding the augmented
measure. Moreover, the metacognitive items related to identifying likely
information sources and using them to search relevant information in energyrelated matters were loaded into the component ‘advocacy for change’. The results
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highlight the necessity of the metacognitive dimension, in addition to the affective
and behavioural dimensions, in the component regarding striving for change in
people’s everyday life behaviour related to energy.
The components ‘access’ and ‘assessment’ included statements exclusively
from the metacognitive dimension. Similar to Study 1, the statements
operationalising the metacognitive dimension related to assessing the quality of the
information and its applicability to a specific situation were mostly loaded into the
component ‘assessment’. The metacognitive statements related to items such as
analysing, understanding and using the information to make informed decisions in
energy-related matters were loaded mainly in the component ‘access’. Moreover,
the following statement concerning numeracy, which was eliminated during the
analysis in Study 1, was included in the augmented measure in Study 2: ‘Energyrelated numeric information is often difficult to understand’. In the principal
component analysis, the statement was loaded into the component ‘access’ and
strengthened the importance of accessing energy information not only by
understanding terminology but also possessing numeracy skills. The statement
‘Experiences and opinions of people I know have a major effect on my energy
decisions’ was also eliminated from Study 1 but was included in Study 2. This
reflects the social aspect of the EEIL (vital to energy transition at the societal level),
bringing it closer to the constructivist approach. The statement was included among
items reflecting advocacy for change.
The component ‘awareness’ was the most scattered when comparing the
dimensions operationalising the concept. However, the component loadings for
‘awareness’ were logical. It included the affective and behavioural dimensions, as
well as the metacognitive dimension related to identifying likely information
sources and using them to search relevant information, as well as analysing,
understanding and using the information to make informed decisions in energyrelated matters.
5.3.3 Differences and similarities of the results of Study 1 and Study
2 by background variables
There were similarities in the results of Study 1 and Study 2. Statistically significant
differences in the EEIL by background variables in in both studies are outlined in
Table 26. Education level, income level, and municipality were added to
background variables in Study 2, as was the knowledge test and climate-friendly
behaviour, and therefore, these are not included in this comparison in detail.
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In both studies, most of the metacognitive items related to energy information
were loaded into the same components (‘finding’ and ‘evaluating’ in Study 1 and
‘access’, ‘awareness’ and ‘assessment’ in Study 2). Similarly, almost all the
affective and behaviour items related to energy and climate change were loaded
into the same components (‘attitude’ in Study 1 and ‘attitude’ and ‘advocacy for
change’ in Study 2).
The results of both studies indicate that Finns, in general, have positive
attitudes towards energy issues in relation to mitigating climate change but face
challenges in evaluating the reliability of energy information. Study 2 indicates that
Finns, unlike university students, also experience access challenges – namely, in
finding and understanding energy information. The access challenges may be due
to a population characterised by an older age range in Study 2 and therefore may
possess limited digital abilities, for example, when compared to a younger
population in Study 1. It must be noted that measuring issues may affect the results
since the augmented measure of Study 2 differed from the elaborated measure used
in Study 1. The differences and similarities of the EEIL results in Study 1 and Study
2 by age, gender, education and whether work or education is related to the energy
industry or the electricity market are presented below (see Table 26).
The comparisons between Study 1 and Study 2 regarding the background
variables are as follows: Regarding age, the results of both studies were similar, as
the older respondents seemed to be more aware of their own electricity
consumption and interested in gaining energy information and using it in their
everyday lives. In Study 1, older university students (> 25 years) received higher
scores in ‘knowing’, while in Study 2, older (> 57 years old) respondents received
higher scores in ‘awareness’. Older students (> 25 years) received lower scores in
‘evaluating’, reflecting criticality towards their own abilities to assess energy
information, when compared to younger students. Younger university students
seemed, therefore, to be more confident and less critical in their knowledge, but
older students may have more experience in applying the knowledge and may
consider wider issues concerning the matter. This may be connected with the
younger populations’ familiarity with digital resources. The results may be
interpreted to indicate that young respondents have more information gained by
education and are familiar with using a variety of information sources, whereas
older respondents may have more life experience in applying energy information
in their households.
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4) ‘Finding’ reflects finding energy information in printed sources and

information sources

3) ‘Evaluating’ reflects the abilities to evaluate the reliability of energy

and awareness in applying energy information in everyday life

willingness to receive energy information from a variety of sources

2) ‘Knowing’, including the level of expertise in energy information, the

a climate-friendly mode

to receive information from experts and change behaviour towards

1) ‘Attitude’, including energy-related values, attitudes and readiness

Study 1

Components of the EEIL

Study 2.

x

x

Age

x

x

x

x

x

Gender

x

x

study

related1

x

x

x

x

Field of

WoE
level

Education

Background variables
level

Income

x

municipality

Residence of

Table 26. Statistically significant differences in the everyday energy information literacy by background variables in Study 1 and
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work or education related to the energy industry or the electricity market

Climate-friendly behaviour

Knowledge test

printed and online energy information sources.

5) ‘Assessment’, reflecting the ability to evaluate the reliability of

activities

4) ‘Awareness’ – as applying energy information in everyday life

understandable energy information.

3) ‘Access’, reflecting the perceived ease of finding reliable and

Components of the EEIL

x

x

Age

x

x

Gender
study

x

x

x

Field of

related1

x

x

x

x

level

Education

Background variables
WoE

x

x

level

Income

x

x

municipality

Residence of

Gender-based differences were detected in both studies: The additional measures,
objective knowledge test and climate-friendly behaviour extended scrutinising
EEIL. Women had more positive attitudes when compared to men. Men were more
confident in the knowledge-related dimension, including ‘knowing’, ‘evaluating’
and ‘finding’ energy information (Study 1), as well as ‘accessing’ energy
information (Study 2). In the pilot study among university students (Keränen, 2017;
Keränen et al., 2018), women were more motivated to seek energy information (see
also Enwald et al., 2016), while men showed more confidence in finding and
evaluating energy information.
The background variables related to education differed based on the
respondents’ field of study (Study 1) and educational level (Study 2). In Study 1,
the target group was homogenous in its educational level, as all study participants
were university students. However, as the University of Oulu is a multidisciplinary
higher education institution, differences were found between students representing
a range of disciplines and statistically significant differences in EEIL based on the
respondents’ field of study. Engineering students had the highest scores in all
components of a more technical context. Humanities and educational sciences
students, in turn, had relatively low scores in these components and high scores in
the component ‘attitude’. The results are in line with the pilot study, where
engineering students had high scores in all components, while humanities and
educational sciences students had low scores in confidence in finding and
understanding energy information. Business students received relatively low scores
for the components ‘attitude’ and ‘evaluating’. In the pilot study (Keränen et al.,
2018), business students received relatively low scores for motivation and
evaluation of energy information. Gender differences may explain some of the
educational differences in Study 1 and the pilot: in the University of Oulu,
educational sciences and humanities students are predominantly women, while
engineering, information technology and electrical engineering students are
predominantly men (University of Oulu, 2017). The differences between the
student scores in Study 1 (see figure 7 in subchapter 5.1.3) may also be due to
differences in the science philosophical stances in different academic disciplines
(see also Huhta et al., 2018a; Pinto & Sales, 2015). Thereby the results may reflect
the approaches and understanding of the world typical to these fields.
In Study 2 respondents with the lowest education level received the lowest
scores for ‘access’, while respondents with a higher education level received the
highest scores. The results for the knowledge test are in line with the EEIL
component reflecting access to energy information: the scores got higher along with
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the level of education. Since this component reflects finding reliable and
understandable energy information and the ability to find energy information from
the internet, similarities to knowledge test scores may indicate not only better
knowledge but also the ability to find the needed information, for example, from
relevant internet sources. Interestingly, the results were the opposite for
‘assessment’, respondents with the lowest education level received the highest
scores. It must be noted that this is subjectively measured, perceived ability to
assess the reliability of energy information. Therefore, low scores among highly
educated respondents may be due to increased critical thinking. Climate-friendly
behaviour reflected the scores for the component ‘assessment’: respondents with
the lowest education level received the highest scores, while those with a bachelor’s
degree received the lowest. Since the behaviour items were focused on
transportation, education level may, in this case, be associated with income level:
households with a higher education level may have a higher income and therefore
more money to spend on private motoring or holidays overseas, while lowerincome households are more likely to use public transportation, for example.
There were differences in assessing the reliability of energy information based
on work or education being related to the energy industry or the electricity market:
university students in Study 1 were more confident of their abilities than Finnish
people in Study 2. Age difference, as well as overall experience, may explain this
difference since young students tend to be more confident but less critical than older,
more experienced people. Knowledge test scores (Study 2) were higher among
those whose work or education were related to the energy industry or the electricity
market, supporting the perceived expertise on these issues. Respondents whose
studies (Study 1) or work or education (Study 2) were related to the energy industry
or the electricity market received higher scores in ‘knowing’ and ‘evaluating’ (study
1) and ‘access’ and ‘awareness’ (Study 2). These relate to understanding, accessing
and using energy information, and expertise in these issues is reflected accordingly.
Surprisingly, there were no significant differences in the component ‘finding’
(Study 1). This result is in contrast with the results of the pilot study. In the pilot,
statistically significant differences were found in confidence in understanding and
finding energy information: students whose studies involved energy-related issues
were more likely to be motivated to seek energy information and confident in their
abilities to find and evaluate the information (Keränen et al., 2018).
There were few differences and more similarities when comparing the results
of Study 1 and Study 2. This supports the validity and reliability of the measure
developed throughout this thesis. However, there were a few differences that justify
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the use of the augmented measure: Access to energy information differed the most
with the augmented measure regarding various background variables. Moreover,
items related to access in Study 2 were loaded into various components in Study 1.
Therefore, the augmented measure in Study 2 is more precise. The differences in
assessing the energy information regarding education level were more apparent in
Study 2 since the two items reflecting this issue formed their own component. Also,
educational background was more diverse among Finns in Study 2 than among
university students in Study 1. Moreover, including a variety of dimensions related
to, for example, knowledge and behaviour are important since they are not
necessarily associated with one another and therefore represent different sides of
the multidimensional EEIL.
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6

Discussion

In this chapter I discuss the main results of the study and the contributions to
previous research. An evaluation of the methodology and its limitations are also
included in this chapter.
6.1

Discussion of the main results

In this thesis I have proposed a definition for EEIL and developed a related measure.
I assessed EEIL at the individual, household and community levels. This process,
starting from a narrow definition and a measure based on it and proceeding towards
more comprehensive ones, is justified – as it expands to dimensions related to, for
example, attitudes and behaviour reflecting people’s everyday choices in energyrelated matters. The results indicate that using a comprehensive EEIL measure
consisting of different dimensions – a metacognitive dimension related to
processing energy information, affective and behavioural dimensions related to
energy and climate, and a cognitive dimension related to energy knowledge—can
provide a more nuanced understanding of the EEIL of different groups. The EEIL
constructed from the metacognitive, affective and behavioural dimensions were
subjected to principal component analyses – the cognitive dimension and climatefriendly behaviour items were analysed separately – indicated that the notion of
EEIL is multidimensional, comprising various components.
EEIL was found to vary among the rather homogenous group of university
students (Study 1), as well as among Finnish people with more versatile
backgrounds and life situations (Study 2). The results indicate there are differences
in the components of EEIL based on the respondents’ background variables, such
as field of study and professional field, age and gender (Study 1 and Study 2) and
level of education and income (Study 2).
This study is among the first to examine people’s energy-related competencies
and understanding from the library and information studies point of view. The
concept under study refers to IL in the context of energy – that is, EEIL. The study
contributes to the need for a more problem-oriented approach to research, as it
integrates the fields of EL and IL and therefore offers a unique insight to a real
world–based need.

123

6.1.1 Contribution to theory
The value of conceptualising a phenomenon is to gain a deeper understanding and
new insights compared to previous research. This study aimed to fill a research gap
that calls for a cross-disciplinary approach: the lack of focus on metacognitive
competencies related to information processing, such as recognising information
needs and accessing and evaluating information within EL studies, and the scarcity
of IL research in the context of energy. Moreover, presenting an adequate definition
for the concept of EEIL is important because it forms a basis for the
multidimensional EEIL measure. As Heinström et al. (2020) point out, testing an
empirical measure may offer new insights on the phenomenon and its key
constituents.
The approach of the pilot study was oriented towards the practical need to
develop an EEIL measure and based on a definition originally presented within IL
research and further applied in HIL research. IL highlights the dimension of
metacognitive competencies related to information processing, while EL is more
context-oriented. The elaborated definition of the EEIL broadens both IL and EL
approaches by merging elements of both. Widening the perspective is preferable –
as social factors, including values and lifestyle, affect behaviour related to energy
(such as energy investment decisions or energy conservation). This is why energyrelated behaviour research should not be limited to economic sciences that stress
external conditions (see Kastner & Stern, 2015).
In this thesis it is proposed that peoples’ EEIL can be viewed as consisting of
different components merged from dimensions included in the EEIL concept during
the development process: a metacognitive dimension related to the search for,
evaluation of and use of energy information (pilot study); affective and behavioural
dimensions related to energy and climate (Study 1); and a cognitive dimension
related to energy knowledge (Study 2). The results of the empirical studies (see
Chapter 5) indicate that there are variations across these components in people’s
EEIL which are associated with their sociodemographic background. This justifies
the inclusion of various dimensions of the notion of EEIL and a related measure to
gain insights on the phenomenon. In particular, the results indicate differences in
the EEIL components related to people’s knowledge base and own perception and
confidence related to energy knowledge.
It is important that the definition of the concept is extensive and includes the
metacognitive dimension of information processing, in addition to the dimensions
included in EL concepts. Metacognitive competencies may be transferable to
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changing surroundings (see subchapter 2.1 ‘IL Research’) and can therefore be
considered especially crucial in the context of phenomena that change societies in
a profound manner, such as climate change and the energy transition from fossilbased fuels towards renewable energy. However, even metacognitive competencies
can be context-specific and may not be transferrable from one context to another.
It is crucial to address context-specific competencies in issues such as energy
transition and climate change (see subchapter 4.2 ‘Defining and Operationalising
EEIL’). In this study, the metacognitive dimension emphasised in IL research was
found to add value to former EL studies by highlighting competencies related to
information processing. Conversely, EL foregrounds the affective dimension and
strengthens the behavioural dimension of the measure related to climate
friendliness in everyday behaviour. These are valuable enhancements to contextspecific IL research for including relevant behaviour, as well as values and attitudes
towards the phenomenon. Similarly, in the study by Heinström et al. (2020) on
information behaviour, a measure of everyday information mastering included
cognitive, affective and behavioural aspects.
For this thesis, I further developed the notion of EEIL by adding values and
attitudes as affective characteristics, as well as behaviour, to the previous narrower
definition (pilot study) that was mainly based on the metacognitive dimension and
focused on confidence and motivation in finding and evaluating energy information.
I used this further developed notion of EEIL for presenting an elaborated measure
of EEIL. The results indicate that the elaborated measure’s sensitivity was
improved compared to the earlier measure since it was able to characterise a new
EEIL component: instead of earlier three components of the pilot study
(‘motivation’, ‘confidence’, ‘evaluating’), the elaborated measure consists of four
components, namely, ‘attitude’, ‘knowing’, ‘evaluating’ and ‘finding’ (Study 1).
Based on the principal component analysis, almost all items of the affective and
behavioural dimensions related to energy and climate, originating from the
measures of EL, were loaded into the component ‘attitude’. The results thereby
indicate that ‘evaluating’ and ‘finding’ (‘evaluating’ and ‘confidence’ in the pilot
study) are separate from the EL statements, which legitimates IL’s essential
existence in the EEIL measure. The differences based on university students’
sociodemographic background were more apparent when compared to the those in
the pilot study (Keränen et al., 2018). This indicates that the measure was more
specific when it included affective characteristics (that is, values and attitudes), as
well as behaviour.
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The augmented measure further specified the EEIL measure (Study 2) by
adjusting the items included in the principal component analysis and adding new
behaviour items to supplement the results of the analysis and provide an objective
measure. The augmented EEIL measure was based on the most comprehensive
definition of EEIL. Expanding the measures with the affective and behavioural
dimensions brings the focus on the context and societal perspective and closer to
the constructivist approach – which are characterised, for example, in problembased learning – rather than focusing on individual skills and behaviour. The
principal component analysis resulted in five components: ‘attitude’, ‘advocacy for
change’, ‘access’, ‘awareness’ and ‘assessment’. The augmented measure was able
to detect a component ‘advocacy for change’, which made the measure more
distinctive not only regarding values and attitudes but also concerning striving for
change. The metacognitive dimension was essential in the ‘attitude’ and ‘advocacy
for change’ components of the EEIL, where items of the metacognitive dimension
were also integrated with the affective and behavioural dimensions. However, the
metacognitive items, originating from the notion of IL, were loaded mainly into the
components ‘access’, ‘awareness’ and ‘assessment’, indicating that in both studies,
the metacognitive dimension appeared as a distinct and strong component and thus
is an important addition to EL measures.
This study is among the first to examine people’s energy-related information
competencies, in addition to their energy and climate-related values, attitudes,
behaviour, energy knowledge and everyday decision-making. The concept of EEIL
combines IL and EL, offering new insights to both fields of inquiry. However, new
concepts may not become widely utilised – for example, in the field of information
studies the concept of HL is still more used than the more specified concept of HIL
(Huhta et al., 2018a). This may be due to the slow diffusion of new concepts, for
citations are cumulative and the impact of a study is related to its citations and vice
versa.
According to Sovacool (2014; see also Pearce et al., 2018; Snoeijs-Leijonmalm
et al., 2017), energy research needs to develop more problem-focused,
heterogeneous approaches that take the perspectives of human and social sciences,
not only technological and physical sciences. Instead of focusing solely on energy
supply, energy behaviour and the demand aspect should be considered (Sovacool,
2014). EEIL offers a human point of view to energy research – it focuses on
people’s abilities and characteristics that may be useful to consider when planning
a more sustainable future and energy efficiency. This is supported, for example, by
the view of Steg, Perlaviciute, and van der Werff (2015) – who stress the need for
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integrated approaches which consider the human dimensions of a sustainable
energy transition and energy behaviours, including the factors affecting them,
acceptability of energy system changes, and different energy policies.
In the theoretical development of the measure, it is interesting to scrutinise the
association of different dimensions of the measure and the components produced
by principal component analysis. In Study 2, the results indicated that there was a
positive, although relatively low, association between the scores reflecting climatefriendly behaviour, attitudes and advocacy for change, as well as between the
knowledge test and advocacy for change and access to energy information (see
subchapter 5.2.5 ‘The Connection between Objectively and Subjectively Measured
EEIL). However, no correlation was found between climate-friendly behaviour and
the knowledge test. Based on previous research, objectively and subjectively
evaluated literacy does not always correlate (see Ivanitskaya, O’Boyle, & Casey,
2006). The findings are further in line with previous research that have indicated a
stronger connection between attitudes and behaviour than between knowledge and
behaviour (DeWaters & Powers, 2011; Lee et al., 2019). The association between
the knowledge test and climate-friendly behaviour and advocacy for change may
be interpreted to indicate that people who are willing to receive information most
probably are quite knowledgeable. In a similar vein, advocacy for change may be
reflected in climate-friendly behaviour. The knowledge test scores and perceived
access to information may also be associated due to nonmonitored circumstances:
respondent may, for example, use the internet to find the correct answers, even
though instructed otherwise. Therefore, the respondents who feel confident in
accessing energy information may be able to locate the correct answer from
relevant sources. In turn, people who access information effortlessly may also
possess more knowledge in the first place.
The results reflecting access to information and the knowledge test were
consistently parallel when interpreting the results by different sociodemographic
background variables. The exception was income level. The components of EEIL
related to access consists of metacognitive items originating from IL research.
Similarly, attitudes and advocacy for change resemble the results on climatefriendly behaviour, except for by education level. The components of EEIL related
to attitudes and advocacy for change consist of affective and behaviour items
originating from EL, indicating a connection to behaviour.
EL research has been criticised for not measuring the level of literacy (van den
Broek, 2019). Similarly, in this thesis the focus has not been on measuring the level
of EEIL but rather on gaining information about people’s self-evaluated
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competencies and identifying different dimensions that vary across groups and
addressing them in an appropriate manner. An objective measure, in the form of a
knowledge test, was added to Study 2 to offer some reference point for reflecting
similarities and differences in respondents self-evaluated EEIL and objectively
evaluated energy knowledge. A study by Kormos and Gifford (2014) supports this
approach – as it highlights the importance of including objective measures in
studying environmental-friendly behaviour, especially in striving for behaviour
change. Subjective and objective measurements allow the researcher to compare
different dimensions of literacy. The results of this study do not indicate an
association between energy knowledge and climate-friendly behaviour. Earlier
research indicates that knowledge and attitudes are not always reflected in energy
behaviour (Abrahamse, Steg, Vlek, & Rottengatter, 2005; DeWaters & Powers,
2011; Kormos & Gifford, 2014), which was supported in this study. The same
applies in the context of health to multidimensional EHIL, where different areas
that are not always parallel to each other are identified (Hirvonen et al., 2020).
6.1.2 Reflecting the results on earlier energy literacy research
Although renewable energy is a conflicting issue, the Finnish respondents were
unified in their opinion about promoting renewables in energy production and the
need to save energy. This is encouraging, considering the climate priorities and
ambitious strategies of the Finnish government. Being informed about energy
issues was considered important by most Finns, but difficulties were perceived in
evaluating energy information. Similarly, in a study related to IL by Balog and Siber
(2016) in Croatia, students had positive attitudes towards environmental issues but
did not feel confident about being informed on the topic.
Interestingly, in the results of the studies of this thesis, there was a contradiction
between respondents’ EEIL in terms of awareness and knowledge by age: younger
Finns were more knowledgeable, while older ones reported better awareness of
electricity consumption and in applying energy information in everyday life
activities. These results are similar to Filippini et al. (2020), where younger
respondents had better energy knowledge. Similarly, in Kumar (2019) older people
(over 60 years) were more likely to have low EL levels. In contrast with the results
of this thesis, in Kumar (2019), respondents under 40 years had relatively lower EL
levels when compared to 40- to 60-year-olds. The results of this thesis are in line
with the pilot study findings (Keränen et al., 2018) and HIL studies (Enwald et al.,
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2016), where older respondents have been found to be more motivated in finding
but less confident in evaluating information when compared to younger ones.
The result that women had positive attitudes towards energy issues and
reported more advanced climate-friendly behaviour is in line with earlier studies,
where women have shown better energy-related self-efficacy, as well as more
positive values and attitudes towards energy conservation and environmental issues
(DeWaters & Powers, 2011). Regarding gender, Finns responded similarly to
attitude items and climate-friendly behaviour items, which may indicate that
attitudes are associated with behaviour (see Lee, 2019). Moreover, women
perceived themselves as less confident in accessing energy information, while men
perceived themselves as more knowledgeable about and critical of energy issues.
The results are consistent with earlier studies, where women have been found to be
less confident and to potentially underestimate their abilities (Cho, 2017; Gneezy
et al., 2003). In this thesis there were no statistically significant differences in the
knowledge test scores by gender. In earlier studies, men have been found to have
better energy knowledge when compared to women (Cotton et al., 2015; Filippini
et al., 2020). A gender gap has been detected in energy-related financial literacy
(Blasch et al., 2018; Filippini et al., 2020; Kumar, 2019), regardless of university
education (Kumar, 2019). However, in Kalmi et al. (2017), women were more
likely to be energy literate than men when EL was evaluated by numeric
calculations. Interestingly, the results of the knowledge test reflected the results on
the component ‘access’, which supports the assumption that perceived ability to
access information may be connected to knowledge (see also self-efficacy in
subchapter 2.1 ‘IL Research’).
Interestingly, in Study 1 – where the respondents were homogenous in
educational level, as all study participants were university students – the EEIL
components were distinguished across different fields of study. Similarly, in Cotton
et al. (2015), respondents’ self-perceived expertise in energy issues varied across
disciplines. In this study, Finns’ high education level was positively associated with
perceived access to energy information, while a low education level was associated
with perceived ability to evaluate energy information. Moreover, a high education
level was associated with high knowledge test scores, while self-perceived climatefriendly behaviour was associated with a low education level. The results are
consistent with earlier studies – where a high education level has been proven to be
connected to high EL, especially regarding rational decision-making (Brounen et
al., 2013), as well as energy-related financial literacy (Blasch et al., 2018; Brounen
et al., 2013; Kumar, 2019) and energy knowledge (Filippini et al., 2020). Similarly,
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in Cotton et al. (2021), EL among university students was high. However, in Attari
et al. (2010), educational level was not connected to EL. In earlier studies,
numeracy has been associated with EL (Attari et al., 2010; see also Brounen et al.,
2013; Blasch et al., 2018; Kumar, 2019). However, in a study among households
in Nepal (Filippini et al., 2020), computational skills were not associated with a
higher education level. In this thesis, numeracy was included in the component
reflecting access to energy information. The differences by Finn’s educational level
were not significant regarding attitudes, advocacy for change and awareness in
applying energy information in everyday life activities. Similarly, in Brounen et al.
(2013), the level of education was unrelated to awareness of energy consumption.
The Finnish respondents whose work or education were related to the energy
industry or the electricity market reported better understanding of and access to
energy information, as well as awareness in applying energy information in
everyday life activities, and scored better in the knowledge test. Differences were
not significant regarding attitudes, indicating that expertise does not automatically
include positive attitudes towards energy issues or at least that attitudes are not
firmly related to expertise. However, earlier studies have found an increase in EL
regarding knowledge and attitudes due to education on energy issues (DeWaters &
Powers, 2011; van den Broek, 2019). In earlier studies, preference to science
education have been associated with EL (DeWaters & Powers, 2011) – which
supports the results of this thesis, as expertise was reflected in the results of Finns
who had education in related fields or whose work was related to the energy
industry or the electricity market.
An interesting contrast emerged between energy knowledge and behaviour by
Finns’ income level: respondents with the lowest income level scored the highest
in climate-friendly behaviour but the lowest in the knowledge test. The results of
climate-friendly behaviour and knowledge test were similar by education level,
which may be due to the association between income level and education level. The
results are similar to earlier studies, where a higher income level has been found to
be associated with a higher EL level (Kalmi et al., 2017; Sovacool, 2016; van den
Broek, 2019) or energy-related financial literacy (Blasch et al., 2018; Kumar, 2019).
Unlike in developed countries, in the study by Filippini et al. (2020) among
households in Nepal, a lower income was associated with better financial literacy.
The association of self-evaluated climate-friendly behaviour with low education
and income levels are interesting and highlight the priority of socioeconomic
characteristics in a sustainable energy-related behaviour. The results indicate that
to gain societal impact for climate actions, the potential of encouraging sustainable
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energy-related behaviours and decision-making among highly educated people
with a high income level ought to be acknowledged.
Despite the presumption that residents of a pioneering municipality would have
more advanced EEIL when compared to other Finns, only minor differences were
found between these groups. The lack of regional differences might be due to a
high-tech information society, as in the study by Lee et al. (2019, see subchapter
6.3 ‘Ideas for Future Research’) on energy conservation behaviour. However,
residents of Ii municipality had lower scores in the behavioural dimension (namely,
climate-friendly behaviour) and the cognitive dimension (namely, energy
knowledge test). It is surprising that residence in a pioneering municipality in
striving for carbon neutrality was not reflected in the respondents’ EEIL. Therefore,
considering possible circumstances and background characteristics that may have
affected the results is needed (see subchapter 6.2 ‘Limitations and Evaluation of
the Methodology’). Interestingly, residents of Ii municipality scored lower in the
component of EEIL that reflects advocacy for change. However, it may also be
interpreted that as a pioneering municipality in striving for carbon neutrality,
residents of Ii may perceive that they are beyond this point and have already taken
actions instead aspiring. Similarly, in Sovacool and Blyth (2015), the green image
of Denmark was not reflected in the attitudes or EL of people. Sovacool and Blyth
(2015) argue that the success of an energy transition may be dependent rather on
illiteracy than literacy about energy: ‘It could be that the reach of a given energy
transition may work only insofar as it does not impede meaningfully upon
individual attitudes or behaviour’ (p. 313).
6.1.3 Implications for practice
This thesis shows that the Finns generally had positive climate-friendly attitudes
but perceived their abilities to evaluate energy information as low. This indicates
that there is a clear need for further education on energy issues, emphasising the
development of competencies related to information processing typically
associated with IL. It is crucial to understand what information is valuable to a
specific group and what kind of information sources they prefer (Bruce et al., 2012).
Recognising the differences between groups of people, in this study based on their
sociodemographic and socioeconomic background, may help to meet people’s
information needs. Moreover, the results indicate that EEIL consists of different
components relevant for designing energy-related information services for different
groups. Thereby, it may not be as fruitful to consider EEIL by the level of
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knowledge, for example, but rather to consider the differences appearing within
distinct components of EEIL. Identifying differences across groups of individuals
may be utilised for tailoring information similarly, as suggested in earlier research
in the context of health (see Hirvonen et al., 2015a). The results of this study on
Finns’ EEIL will be available for designing energy-related information services,
education, counselling, guidance and communication for different groups.
Generations have shared an understanding of the world based on the changes
they have experienced in society during their lifetime (Vincent, 2005). Therefore,
different climate actions appeal to different age groups. In this thesis, younger Finns
seemed more confident (see Enwald et al., 2016; Keränen et al., 2018) and
knowledgeable than older ones (see Filippini et al., 2020; Kumar, 2019). This may
be considered when designing energy-related communication for different age
groups. The middle-aged constitute an important group because they typically have
more assets and a higher social status when compared to other age groups and
therefore have the potential to be the herald in a successful energy transition. Their
life experiences are reflected in their awareness of everyday energy use. In this
thesis, the responses of older Finns reflected better self-assessed awareness in
applying energy information in everyday life activities when compared to younger
ones. Supporting this awareness may enable the promotion of energy efficiency and
energy transition at the societal level.
The results of this study indicated positive attitudes of women towards energy
conservation and climate change mitigation. Increasing energy-related knowledge
of women may therefore enhance the use of energy information in everyday
decision-making. As suggested in earlier research, empowering women in energyrelated matters may increase energy efficiency (Blasch et al., 2018). Women have
a significant role in household decision-making in contemporary society (Belch &
Willis, 2002). Furthermore, encouraging women to take an active role in decisionmaking and tackling climate change may increase the societal impact due to
women’s positive attitudes. This may be especially potential in Finland as a Nordic
welfare society, where gender equity and the active role of women in society are
traditional concepts.
The promotion of climate actions among the highly educated with a high
income level may benefit from other components than knowledge since they are
likely already quite knowledgeable. However, they may lack the aspiration to use
the information in everyday decisions related to energy. To support the shift towards
the consumption of clean energy and away from fossil-based fuels, income level
may be considered when targeting communication to different groups, as
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households with higher income have more resources to consume and therefore have
more potential impact on climate. Also, this group is important because they
potentially possess economic, social and/or political influence on society and may
therefore promote or hinder the energy transition.
The characteristics of a living area, such as a municipality and its local society,
ought to be acknowledged to gain an impact on promoting climate actions. There
are differences in urban and rural areas that affect the opportunities and, thereby,
attitudes towards energy transition regarding aspects such as transportation,
infrastructure and businesses opportunities based on renewable energy. Reflecting
national and international agendas, each area should construct their own strategy
that supports and is developed together with the local community. Highlighting
benefits such as economic ones and justifying them with computational data
promotes concrete climate action at the municipal level. This may be the key to
public acceptance for climate actions. It also requires resources and political will,
as well as extensive interaction between people and different actors of society.
Acknowledging the impact of human behaviour on climate change is the
foundation of accepting the climate priorities and promoting renewable energy
instead of fossil fuels. The high number of respondents acknowledging mitigating
climate change at the national level is encouraging, especially since the respondents
were chosen by random sampling to represent the Finnish population. Attitudes
towards energy issues were generally found to be more positive than the perceived
ability to evaluate energy information. Moreover, Finnish people, unlike university
students, were found to perceive difficulties in finding and understanding energy
information. To address this issue, collaboration with public libraries may be
prominent in this agenda due to their role as a provider of information service,
guidance and support for information seeking and use, as well as for versatile
literacy, elements included in the law of public libraries (see Finlex, 2016).
Moreover, Finland has a broad library network accessible to people across the
country. This has great importance because there is a risk that inequity increases
along with energy transition if people do not have equal opportunities to access and
utilise energy information (see also Sovacool & Blyth, 2015, and the previous
subchapter). Therefore, the societal impact aims to not only to meet the climate
priorities of preventing climate change but also address the social equity. However,
many of the respondents had a university degree or other academic degree from a
higher education institution. A high education level among people is a
distinguishing feature in a Nordic welfare society. It is an asset when considering
enhancing EEIL in striving for Finland’s ambitious carbon neutrality agenda.
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Moreover, education is related to literacy in the context of energy (Blasch et al.,
2018; Brounen et al., 2013; Kumar, 2019), highlighting the value of education in
developing information processing competencies closely related to IL.
6.2

Limitations and evaluation of the methodology

Validity and reliability are important concepts when evaluating the quality of
quantitative research. Validity means how well the research corresponds to reality:
does it measure what it is supposed to measure (construct validity) and is the
measure representative (content validity; see Stockemer, 2019, pp. 14, 41).
Reliability refers to how reliable and repeatable a study is in describing the
phenomenon (Gray, 2018, p. 371). Construct validity in this thesis is to be
considered critically, that is, it should be appraised if the items measure what they
are designed for. There may occur ambiguity among respondents in interpreting
statements such as “I believe I can contribute to solving energy issues by my own
actions and decisions” and “I believe I need to change my lifestyle to prevent
climate change”. The respondents may interpret the statements considering the
impact of individual or collective action. Moreover, the analyses indicate
connections between different variables, for example between low-income level
and climate-friendly behaviour. However, it cannot be presumed that people with
low income would have climate-friendly motivations, but high scores in climatefriendly behavior may be due to financial strains regarding items such as
transportation preferences. Overall, this thesis presents an individualistic EEIL
concept and measure with evident limitations and broader approaches are needed
(see subchapter 6.3 ‘Ideas for future research’).
In this thesis the principal component analyses were applied to gain insights of
the phenomenon and its components without determining them in advance (see
subchapter 4.4 ‘Statistical Analyses of the Data’). The EEIL measure was tested by
applying it to different populations: university students in Study 1 and Finnish
households in Study 2. Furthermore, due to the developing process of the concept
of EEIL from the pilot version through the elaborated notion to the augmented
notion, the measures based on these developed accordingly during the research
process. Therefore, the validity of the measures is not comparable as such and
would require further testing in various populations. However, throughout the
developing process, the measure included the EHIL measure that was modified to
the context of energy (the pilot version) (see subchapter 4.2.1 ‘Pilot Study:
Modifying EHIL to EEIL’; Mayer, 2018a).
134

In this study, the measures were tested in different populations, which enables
reflecting the results and evaluating their reliability (see subchapters 4.1.2
‘Methodological Choices and Design of Data Collection and Analyses’ and 4.3.1
‘Designing the Questionnaires’). The reliability of the measures may have been
affected by low rates in the internal consistency of the components ‘finding’ (Study
1) and ‘awareness’ (Study 2; see Chapter 5 ‘Results’). Skewness (representing the
asymmetry of a distribution) and kurtosis (indicating how tailed the distribution is)
showed relatively high values in the component ‘attitude’ in both Study 1 and Study
2, which may affect the applicability of parametric tests. However, the internal
consistency was high within this component. Moreover, Bartlett’s test of sphericity
was significant. Kaiser–Meyer–Olkin measure tests the sampling adequacy. These
indicate that the correlation matrix is adequate for the principal component analyses
and that the samples were adequate to consider the data as normally distributed.
Also, the EEIL measure analysed using Cronbach’s alpha was consistent.
The limitations of both studies include a lack of representativeness due to low
response rates (from 12.2% to 16.2%) and the novelty of the measures. The
nonresponse and self-selection bias may have affected the results, especially on a
specified subject that may repel nonexpert respondents, such as energy. The
representativeness is therefore limited, although the respondents of Study 1
represented the population of University of Oulu since the questionnaire was sent
to all students present at the time of the data collection. Due to a large number of
questionnaires sent, the number of respondents in Study 1 was relatively higher
than in Study 2, even though the response rate was of the same magnitude in both
studies. Pensioners and highly educated persons were overrepresented among the
respondents of Study 2 when compared to the general Finnish population. The
respondents’ data were analysed as a whole, including both the data from residents
of Ii municipality and from other Finns. This may have created a bias, as Ii residents
were overrepresented in the data among Finns in Study 2. These may affect
representativeness in their own reference groups and therefore weaken the
generalisation of the results to all Finnish university students and all Finnish people,
even though the respondents were chosen by representative sampling (Study 1) and
random sampling (Study 2; see subchapter 4.1.2 ‘Methodological Choices and
Design of Data Collection and Analyses’). The results may also be biased, for
people who are experts or otherwise interested in energy issues are more likely to
respond to questionnaires on energy issues. However, in the Municipality of Ii, the
interest may not be as connected to expertise since energy and climate issues are a
general topic because of various projects and events that are well-known among
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residents and featured in local media. Conversely, it must be noted that energy and
climate issues are becoming increasingly prominent across Finland, and
municipalities have increasingly excelled in slightly different areas.
The results are indicative, as the questionnaire items were selectively included,
and did not cover the whole phenomenon, only a few examples of the perspectives
considered relevant in the context of energy and climate change in everyday life.
Behaviour items were based on self-evaluation. Therefore, the results reflect the
perception of a respondent or respondent’s own behaviour and may not be
interpreted as an objective measure of actual behaviour. Due to the so-called
Dunning–Kruger effect, people who are more knowledgeable can also be more
critical of their abilities and vice versa (Dunning, 2011). Therefore, measures based
on self-evaluation may reflect confidence instead of actual knowledge. This applies
also to the subjective EEIL measure that can reflect self-efficacy instead of abilities
(Frisch et al., 2012). Furthermore, items evaluating content validity based on
climate-friendly behaviour in everyday life (Study 2) were few, and they focused
mainly on transportation, which is only a fraction of a whole when considering
climate-friendly behaviour. It must be noted that the contradiction in climatefriendly behaviour and awareness, for example, among residents of Ii municipality
may be because they imply different activities in respondents’ everyday life (see
subchapter 6.1.2 ‘Reflecting the Results on earlier EL research’). In this thesis, the
cognitive dimension of EEIL was limited to this knowledge test, which can only
provide a narrow perspective on cognitive abilities vital in the context of energy
and climate. Furthermore, educational differences may explain the lower
knowledge test scores – for example, there were fewer master’s degree holders
among respondents from Ii municipality (10%) compared to other Finnish
respondents (almost 20%).
6.3

Ideas for future research

There is a clear need for theoretical research to scrutinise the development of
concepts and measures within the context of societal issues related to climate
change. Global trends such as energy transition change societies; therefore,
research approaches must change accordingly. Overall, this thesis presents a
cognitive and individualistic EEIL concept and measure. However, it is clear that
it is not enough, and a broader approach considering societal framework is needed
(see Hirvonen et al. 2020). For example, this kind of measure may not reach the
communal action (see municipality of Ii) or the structural changes already emerging
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in society. Also, using a multivariate regression framework as well as qualitative
measures in addition to quantitative measures may provide a deeper understanding
of the phenomenon. Including financial literacy in the cross-disciplinary analysis
would be interesting in concept and measure development.
In Study 1, I started constructing the concept of EEIL by studying it empirically
among university students. My EEIL approach was based on individual skills and
competencies originating from the behaviouristic approach of IL research and
moved towards a more constructivist approach (see Bruce, 1997) in Study 2 when
I examined EEIL among Finnish households (see subchapter 2.1.1 ‘IL
Approaches’). This shed light on the potential of communities promoting carbon
neutrality. Competencies may therefore be examined and utilised at the community
level, instead of at the individual level, to gain impact. In general, IL research
agendas have evolved from an individual perspective to a societal perspective,
increasing the societal impact of research. Furthermore, the recent COVID-19
pandemic has challenged all sectors of societies worldwide, and energy is at the
centre of these changing societies. The UN (2020a, 2020b) highlights, as a COVID19 response, the importance of renewable and accessible energy in fighting and
recovering from the pandemic, especially in the health care sector. The COVID-19
pandemic has materialised the impact of human activity on emission reduction due
to changes in consumption patterns and energy demand during the pandemic (Le
Quéré et al., 2020). Examining the changes in emission reduction during the
pandemic in relation to EEIL and changes in societal and individual behaviours
may offer a reference point for future research and climate policies. Even though
IL has traditionally been developed in the context of formal learning, studying and
developing it may have value in addressing societal problems, such as climate
change. However, developing the measure towards a climate context would require
including the societal context more broadly. Public policies are essential not only
in shaping individual literacies but also in providing a framework where the action
takes place. For example, the emissions trading system is fundamental in meeting
climate priorities at a global level (see European Union, 2019).
For future studies validating and examining EEIL among different populations
(for example, among policymakers at different levels of society) are recommended,
for there is significant potential in enhancing carbon neutrality. This type of a study
– combined with the impact gained by carbon dioxide emissions reduction
procedures, especially in collaboration with networks such as the Carbon Neutral
Municipalities (Hinku) network in Finland – may produce valuable insights.
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The association between attitude and behaviour regarding background
variables may also be intriguing to research further in the future. The results of this
study pointed to some differences in people’s EEIL that were not statistically
significant but may be enlightening to research further. To address climate actions,
it may be beneficial to recognise the differences in behaviour between generations.
For example, in Study 2, climate-friendly behaviour scores were not statistically
significant by age. However, an interesting contradiction is that while 57- to 65year-olds reported awareness in their everyday life activities, they scored the lowest
on climate-friendly behaviour regarding transportation, voting habits and the use
of green electricity at home (see Table 19). Societal issues in contemporary society
are affected by and discussed within social media, which is a fruitful research area
within climate issues.
This study, along with earlier studies, found differences in energy-related
literacies by gender. Therefore, it remains an interesting topic for future research.
For example, the results of the knowledge test were contrary to the climate-friendly
behaviour with regard to gender, which highlights the importance of including
different dimensions in the measures. The results indicated similarities in climatefriendly behaviour and willingness to change behaviour towards a climate-friendly
mode. These potential associations provide interesting topics for future research –
for example, asking whether intentions lead to action in energy and climate-related
matters.
Education level has been found to be one of the key determinants in energyrelated literacies. Therefore, the perspective of learning regarding EEIL would be
a fruitful topic for future research. Income level is an interesting variable since it is
known that people in wealthy nations have a large carbon footprint. As this study
indicated that higher-income households are less likely to take part in climatefriendly activities than lower-income households, it would be interesting to
research people’s perceptions of their impact on climate, reflecting their income.
There are several potentials for future research among municipalities striving
for carbon neutrality. In this thesis, there were only minor differences in EEIL
between residents of a pioneering municipality in striving for carbon neutrality and
other Finns. Since the collection of the data in 2018, the municipality of Ii has
moved forward with its climate efforts, and it would be interesting to conduct
research at present time. Furthermore, it might be fruitful to further examine the
regional differences in EEIL – for example, between rural and urban areas.
Surprisingly, Lee et al. (2019) found no differences in nursing students’ energy
conservation behaviour whether they lived in an urban or an otherwise developed
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area or not. This was interpreted as due to fast information flows in a small society
where technology is highly developed (Lee et al., 2019), which might also apply to
Finland. Also, cultural differences may influence energy-related literacies, and
therefore, future research on these differences possesses great value when pursuing
climate priorities globally. Cotton et al. (2021) detected cultural differences in EL
among university students from China and the UK: the Chinese respondents were
more knowledgeable, while the UK respondents were more confident. Examining
EEIL at the international level may be fruitful for future research.
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7

Conclusions

It is crucial to promote sustainability at a societal level to prevent threats such as
global warming. Transition from fossil-based fuels towards renewable energy is
one of the key determinants in tackling climate change. In the context of energy
and climate change, the need for a change in people’s behaviour at the individual
and household levels and, most importantly, at the community level is evident.
Therefore, in addition to understanding people’s everyday IL, it is imperative to
gain deeper insights into people’s values and attitudes towards energy issues to
enable targeted communication.
Energy and climate issues are complex, and information on media and social
media is often fragmented and biased due to conflicting agendas. This justifies
research highlighting IL competencies in context-specific surroundings. This thesis
increases the understanding of people’s EEIL. A comprehensive definition of EEIL
was presented and a multidimensional measure based on this definition designed.
The measure was utilised to empirically examine EEIL among Finnish people. The
value of defining the concept of EEIL is to integrate different dimensions of the
related concepts – namely, IL and EL – and therefore gain a new perspective of the
phenomenon and offer new insights to related fields of inquiry.
The novel measure based on the EEIL concept may be used to match
information provision and services with people’s energy-related information needs.
The results of this thesis are available for designing energy-related communication
and education for different groups to support sustainable energy-related behaviour
among individuals, households and communities in striving for climate priorities.
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Appendix 1.

Energy information questionnaire / survey items (Study 1).

All questionnaire items were in Finnish.
Please answer questions 1 to 11 and assess the statements, from 12 onwards.
Energy is defined here as energy used by households mainly for lighting and
warming and energy used by traffic and industry.
Background information
1.
2.
3.

Year of birth
Gender (Female / Male / Other)
In which faculty do you study (according to your major; the Oulu School of
Architecture / Faculty of Biochemistry and Molecular Medicine (FBMM) /
Faculty of Humanities (FHum) / Oulu Mining School (OMS) / Faculty of
Education (FEdu) / Faculty of Science (FSci) / Faculty of Medicine (FMed) /
Oulu Business School (OBS) / Faculty of Technology (FTech) / Faculty of
Information Technology and Electrical Engineering (ITEE) / Other)
4. Are your studies related to the energy industry or the electricity market? (Yes /
No / I cannot say)
5. Where do you live (Countryside / Small population centre [population less than
500] / Population centre / In a city [population less than 50 000] / In a city
[population over 50 000])
6. How do you live (Detached house / Semi-detached house / Row house /
Multifamily residential / Apartment house / Other, how?)
7. Do you live in (Your own apartment / Rental apartment / Other, how?)
8. How many people are there in your household? If you live in a student
apartment/shared flat, just report your own share. (1 / 2 / 3–4 / 5–7 / over 8)
9. What is your highest education or diploma? (Comprehensive school / Upper
secondary school / Bachelor’s degree / Master’s degree / Other, what?)
10. Which of the following best describes your work situation? (Entrepreneur /
Employee / Part-time employee / Full-time student / Other, what?)
11. The monthly income of your household before taxes (include social and other
benefits which are liable to taxation; less than €2 000 / €2 000–€3 999 /
€4 000–€5 999 / €6 000–€7 999 / €8 000–€9 999 / €10 000–€11 999 /
€12 000–€13 999 / over €14 000)
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Scale: Strongly disagree, disagree, neither agree nor disagree, agree, strongly agree,
I cannot say
12.
13.
14.
15.
16.

I know a lot about energy and energy-related matters.
I am well aware of my household’s electricity consumption.
More energy should be produced by renewable sources.
I think saving energy is important.
I would like to do more to save energy if I knew how.

Scale: 5-point Likert-type scale (1 [strongly disagree]–5 [strongly agree])
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

It is important to be informed about energy issues.
I know where to seek energy information.
I like to get energy information from a variety of sources.
It is difficult to find energy information in printed sources (magazines and
books).
It is difficult to find energy information on the internet.
It is easy to assess the reliability of energy information in printed sources
(magazines and books).
It is easy to assess the reliability of energy information on the internet.
Energy-related terminology and statements are often difficult to understand.
Energy-related numeric information is often difficult to understand.
It is difficult to know who to believe on energy issues.
I apply energy-related information to my own life and/or that of people close
to me.

Scale: Strongly disagree, disagree, neither agree nor disagree, agree, strongly agree,
I cannot say
28. My everyday decisions are affected by my thoughts on energy use.
29. I believe I can contribute to solving energy issues by my own actions and
decisions.
30. I believe I need to change my lifestyle to prevent climate change.
31. Experiences and opinions of people I know have a major effect on my energy
decisions.
32. Experts’ recommendations have a major effect on my energy decisions.

33. Comments
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Appendix 2.

Energy information questionnaire / survey items (Study 2).

All questionnaire items were in Finnish.
Please answer the questions and assess the statements.
Energy is defined here as energy used by households mainly for lighting and
warming and energy used by traffic and industry.
1.
2.
3.
4.

5.

Your municipality of residence
How do you live (Detached house / Semi-detached house / Row house /
Multifamily residential / Apartment house / Other, how?)
Do you live in (Your own apartment / Rental apartment / Other, how?)
Which of the following is your resident’s main heating system? (Wood pellet /
Solid wood / Ground heat pump / Air-to-water heat pump / Exhaust air heat
pump / District heat / Electric storage heating / Direct electric heating / Hybrid
heating system / Oil heating / Other, which? / I cannot say)
Do you use supplementary heating systems in addition to your main heating
system?
No
Yes, which? You can mark more than one alternative. (Accumulating fireplace
/ Wood-burning oven or baking oven / Water-circulating fireplace / Aircirculating fireplace / Solar water heaters / Solar panels / Air-to-air heat pump
/ Active chimney / Other, which?)

6.

How well the following statements related to energy consumption and
production describe your perceptions? (Scale: Strongly disagree, disagree,
neither agree nor disagree, agree, strongly agree, I cannot say)
a)
b)
c)
d)

I think that saving energy is important.
I would like to do more to save energy if I knew how.
More energy should be produced by renewable sources.
Carbon dioxide emissions from the use of fossil fuels have an impact on
global warming.
e) I believe I can contribute to reducing carbon dioxide emissions by my own
actions and decisions.
f) I believe I need to change my lifestyle to prevent climate change.
g) Experiences and opinions of people I know have a major effect on my
energy decisions.
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h) Experts’ recommendations have a major effect on my energy decisions.
7.

Regarding enhancing the energy efficiency of your house
a) What renovations have you made?
b) What renovations are you planning to make during the next three years?
c) What challenges are you facing related to these issues?

8.

Evaluate how well the following statements describe your perceptions. (Scale:
Strongly disagree, disagree, neither agree nor disagree, agree, strongly agree, I
cannot say)
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
l)
m)

I like to get energy information.
It is important to be informed about energy issues.
I am well aware of my household’s electricity consumption.
I know where to seek energy information.
I like to get energy information from a variety of sources.
It is difficult to find energy information in printed sources (magazines and
books).
It is difficult to find energy information on the internet.
It is easy to assess the reliability of energy information in printed sources
(magazines and books).
It is easy to assess the reliability of energy information on the internet.
Energy-related terminology and statements are often difficult to
understand.
Energy-related numeric information is often difficult to understand.
It is difficult to know who to believe on energy issues.
I use energy information in my everyday decisions.

9.

What kind of things do you pay attention to when evaluating the reliability of
energy information and its source?
10. Would you like to get energy counselling? (Yes / No)
If yes, what kind of information and support would you prefer? In your opinion,
by whom should this counselling be offered?
11. Evaluate how well the following statements correspond to your own actions
(Yes / No / I cannot say)
a) I use public transportation when possible.
b) I prefer carpooling.
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c) I cycle or walk for short distances.
d) I travelled by plane on vacation in the past year.
e) In the last parliamentary elections, I voted for a candidate who promotes
the use of renewable energy.
f) The electricity I buy for my household is produced from renewable energy
sources.
12. Are you registered to your electricity provider’s online service to monitor your
electricity consumption and/or earlier electricity bills? (Yes / No / I cannot say)
13. How often do you use your electricity provider’s online services to monitor
your electricity consumption and/or earlier electricity bills? (Never / Less than
once a month / About once a month / 2–3 times a month / Weekly / I cannot
say)
14. How interested would you be in acquiring the following devices and services
in the next three years? Home automation refers to a system where the
apartment’s temperature and electric devices may be set to operate
automatically. (Not at all interested / Not particularly interested / Somewhat
interested / Very interested / I already have / I cannot say)
a)
b)
c)
d)
e)

Solar energy system
Energy storage (batteries)
Electric car
Home automation system for electricity control using a smart device
Home automation system for heat control using a smart device

Answer following questions according to your current knowledge. The idea is not
to look for the right answer but to map the respondent’s current knowledge. Choose
ONLY one alternative for questions 16–21.
15. Evaluate the amount of your yearly electricity bill (€/year)
16. What unit of measurement is used to measure electricity consumption on the
electricity bill? (ampere / bar / joule/ kilowatt hour / volt / watt)
17. What is the average electricity price for households in Finland (including sale,
distribution and taxes)? (0.04–0.08 / 0.09–0.13 / 0.14–0.18 / 0.19–0.23 / 0.24–
0.28)
18. Which appliance, on average, consumes the most energy in Finnish households?
(lighting / heating / refrigerator / TV and computers)
19. Which of the following generates the most electricity in Finland? (solar power
/ nuclear power / hydropower / wind power)
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20. What is renewable energy? (New ways to produce energy / New energy
production technology / All energy sources / Energy sources which, regardless
of use or at least when used sustainably, are renewable and do not decrease)
21. Which of the following is not a renewable energy source? (solar power / fossil
fuels / wind power / hydropower)
22. Which of the following statement are correct? Cross correct alternatives.
Finns’ carbon footprint per capita is large by international standards.
Home automation can save energy.
Fossil fuels include coal, natural gas and oil.
Energy cannot be created from scratch, and it does not disappear but changes
its form.
Demand response refers to electricity consumers’ reaction to the changes in
electricity price and availability by changing their consumption behaviour.
Background information
23.
24.
25.
26.

27.
28.
29.
30.
31.

Year of birth
Gender (Female / Male / Other)
How many people are there in your household? (1 / 2 / 3–4 / 5–7 / over 8)
Which of the following best describes your work situation? (entrepreneur /
senior officer or manager / officer / employee / student / caring for one’s own
household / pensioner / unemployed / other, what?)
Is your work or education related to the energy industry or the electricity
market? (Yes / No / I cannot say)
Have you participated in local energy-related events in the last couple of years?
(Yes, which? / No / I cannot say)
Are you familiar with energy solutions? (Yes, related to permanent residence /
Yes, related to a summer house / No / I cannot say)
What is your highest education or diploma? (Comprehensive school / Upper
secondary school / Bachelor’s degree / Master’s degree / Other, what?)
The monthly income of your household before taxes (include social and other
benefits which are liable to taxation; less than €2 000 / €2 000–€3 999 /
€4 000–€5 999 / €6 000–€7 999 / €8 000–€9 999 / €10 000–€11 999 /
€12 000–€13 999 / over €14 000).

32. Comments
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Appendix 3.

Standardised mean component scores (regression method) by age
in homogenous subsets (Study 1, n = 1 390).

Age (years)

N

F, p1

Subset for alpha = 0.05
Attitude

25–30

322

0.070

< 23

433

-0.007

23–25

279

-0.030

> 30

331

0.747, 0.524

-0.034
Knowing

> 30

331

25–30

322

0.019

< 23

433

-0.090

23–25

279

7.228, < 0.001
0.202
0.019

-0.123
Evaluating

7.445, < 0.001

< 23

433

0.119

23–25

279

0.048

25–30

322

> 30

331

25–30

322

0.105

23–25

279

0.014

> 30

331

0.008

< 23

433

-0.094

0.018
-0.214
Finding

1

2.472, 0.060

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 332.767; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 4.

Standardised mean component scores by students’ field of study
(Study 1, n = 1 390).

Faculty

N

Subset for alpha = 0.051
Attitude

Education
Other

214

0.384

90

0.194

Humanities

224

0.138

0.138

Natural Sci.

247

0.106

0.106

Medicine

199

Engineering

177

Business

0.194

0.039
-0.322

97

-0.378

Info. Techn. & Electrical Engineering

115

-0.611

Engineering

177

Info. Techn. & Electrical Engineering

115

Knowing

Business
Natural Sci.
Other

17.016, < 0.001
0.538
0.146

97

0.120

247

0.085

90

0.041

Medicine

199

Humanities

224

Education

214

0.023
-0.317
-0.376
Evaluating

Engineering

177

2.797, 0.007
0.219

Natural Sci.

247

0.103

0.103

Info. Techn. & Electrical Engineering

115

0.055

0.055

Other

F, p2
18.305, < 0.001

90

0.016

0.016

Humanities

224

-0.059

-0.059

Medicine

199

-0.097

-0.097

Education

214

-0.120

-0.120

Business

97

-0.151
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Faculty

N

Subset for alpha = 0.051
Finding

Engineering

177

Info. Techn. & Electrical Engineering

4.035, < 0.001
0.278

115

0.111

Business

97

0.079

0.079

Medicine

199

0.062

0.062

Natural Sci.

247

-0.024

-0.024

Education

214

-0.127

Humanities

224

-0.157

90

-0.158

Other
1

F, p2

0.111

Mean factor scores (regression method), 2 ANOVA; Tukey’s Honestly Significant Difference (HSD) test,

means for groups in homogenous subsets are displayed. Uses harmonic mean sample size = 148.212;
the group sizes are unequal; the harmonic mean of the group size is used; type I error levels are not
guaranteed.
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Appendix 5.

Standardised mean component scores (regression method) by age
in homogenous subsets (Study 2, n = 415).

Age (years)

N

F, p1

Subset for alpha = 0.05
Attitude

57–65

60

-0.057

42–57

72

-0.028

> 65

54

0.092

< 42

55

0.513, 0.674

0.119
Advocacy for change

57–65

60

-0.081

42–57

72

-0.043

< 42

55

0.057

> 65

54

0.509, 0.676

0.126
Access

> 65

54

-0.104

57–65

60

-0.080

42–57

72

0.044

< 42

55

0.834, 0.476

0.157
Awareness

< 42

55

-0.348

42–57

72

-0.174

> 65

54

57–65

60

< 42

55

-0.174
0.135

0.135
0.406

Assessment

0.134, 0.940

-0.055

> 65

54

0.001

57–65

60

0.032

42–57

72

0.052

1

7.038, < 0.001

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 59.474; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 6.

Climate‐friendly behaviour scores by age (Study 2, n = 415).

Age (years)

N

Subset for alpha = 0.05

57–65

89

2.843

93

2.979

F, p1
0.427, 0.734

42–57
> 65

109

3.000

< 42

88

3.068

1

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 94.059; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 7.

Knowledge test scores by age (Study 2, n = 415).

Age (years)

N

Subset for alpha = 0.05

F, p1
3.806, 0.010

> 65

120

7.342

57–65

91

7.648

7.648

42–57

100

7.880

7.880

< 42
1

87

8.115

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 97.999; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 8.

Standardised mean component scores (regression method) by
education level in homogenous subsets (Study 2, n = 415).

Education level

N

Subset for alpha = 0.05
Attitude

Comprehensive school

26

-0.161

Upper secondary school

97

-0.148

Bachelor’s degree

68

0.071

Master’s degree

50

0.298

Comprehensive school

26

-0.203
-0.002

Advocacy for change
Upper secondary school

97

Bachelor’s degree

68

0.041

Master’s degree

50

0.042

Comprehensive school

26

-0.496

Upper secondary school

97

-0.072

Bachelor’s degree

68

0.078

Master’s degree

50

0.202

Comprehensive school

26

-0.046

Access

Upper secondary school

97

-0.041

50

0.052

Bachelor’s degree

68

-0.072

0.201, 0.896

0.063
Assessment

Bachelor’s degree

68

3.719, 0.012

-0.276

Upper secondary school

97

0.083

0.083

Master’s degree

50

0.089

0.089

Comprehensive school

26

1

0.420, 0.738

3.184, 0.025

Awareness

Master’s degree

F, p1
2.549, 0.057

0.410

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 47.918; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 9.

Climate‐friendly behaviour scores by education level (Study 2,
n = 415).

Education level

N

Subset for alpha = 0.05

F, p1
3.924, 0.009

Bachelor’s degree
Master’s degree
Upper secondary school
Comprehensive school
1

102

2.559

66

3.061

3.061

149

3.107

61

3.131

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 83.229; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 10. Knowledge test scores by education level (Study 2, n = 415).
Education level

N

F, p1

Subset for alpha = 0.05

30.136, < 0.001
Comprehensive school

72

6.403

Upper secondary school

151

7.550

Bachelor’s degree

105

8.152

Master’s degree
1

70

8.152
8.757

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 90.251; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 11. Standardised mean component scores (regression method) by
income level in homogenous subsets (Study 2, n = 415).
Income level (euros)

N

Subset for alpha = 0.05
Attitude

2 000–6 0000

130

-0.064

> 10 000

18

0.036

< 2 000

31

0.058

6 000–10 000

58

0.079

6 000–10 000

58

-0.170

18

-0.161

130

0.051

Advocacy for change
> 10 000
2 000–6 000
< 2 000

31

> 10 000

31
18

-0.048

130

-0.043

6 000–10 000

58

0.222
Awareness

> 10 000

18

-0.248

6 000–10 000

58

-0.121

< 2 000

31

-0.082

130

1.811, 0.146

0.146
Assessment

6 000–10 000

58

-0.081

2 000–6 000

130

-0.001

< 2 000

31

0.047

> 10 0000

18

0.207

1

1.873, 0.135

-0.279

2 000–6 000

2 000–6 000

1.480, 0.221

0.249
Access

< 2 000

F, p1
0.326, 0.806

0.432, 0.730

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 35.478; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 12. Climate‐friendly behaviour scores by income level (Study 2,
n = 415).
Income level (euros)

N

F, p1

Subset for alpha = 0.05

4.427, 0.004
6 000–10 000

80

> 10 000

22

2.591

214

3.047

2 000–6 000
< 2 000
1

54

2.563
3.047
3.333

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 49.294; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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Appendix 13. Knowledge test scores by income level (Study 2, n = 415).
Income level (euros)

N

< 2 000

57

Subset for alpha = 0.05

F, p1
6.651, < 0.001

2 000–6 000

227

6.895
7.767

> 10 000

23

8.130

6 000–10 000

83

8.133

1

ANOVA; Tukey’s Honestly Significant Difference (HSD) test. Uses harmonic mean sample

size = 51.629; the group sizes are unequal; the harmonic mean of the group size is used; type I error
levels are not guaranteed.
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It is important to be informed about energy issues.
More energy should be produced by renewable sources.
I think saving energy is important.
I would like to do more to save energy if I knew how.
My everyday decisions are affected by my thoughts on energy use.
I believe I can contribute to solving energy issues by my own actions and decisions.
I believe I need to change my lifestyle to prevent climate change.
Experts’ recommendations have a major effect on my energy decisions.

I like to get energy information from a variety of sources.
Energy‐related terminology and statements are often difficult to understand.
I apply energy related information to my own life and/or that of people close to me.
I know a lot about energy‐related matters.
I am well aware of my househoulds’s electricity consumption.

It is easy to assess the reliability of energy information in perinted sources (magazines
and books).
It is easy to assess the reliability of energy information on the internet.
It is difficult to know who to believe on energy issues.

I know where to seek energy information.
It is difficult to find energy information in printed sources (magazines and books).
It is difficult to find energy information on the internet.

’Attitude’ includes items reflecting energy‐related
values, attitudes and readiness to receive
information from experts and change behaviour
towards a climate‐friendly mode.

’Knowing’ includes items on level of expertise in
energy information, willingness to receive energy
information from a variety of sources and
awareness in applying energy information in
everyday life.

’Evaluating’ reflects the abilities to evaluate the
reliability of energy information sources.

’Finding’ reflects finding energy information in
printed sources and on the internet.

Attitude

Knowing

Evaluating

Finding

Appendix 14. The content of the elaborated everyday energy information literacy components (Study 1).
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I would like to do more to save energy if I knew how.
I believe I need to change my lifestyle to prevent climate change.
Experiences and opinions of people I know have a major effect on my energy decisions.
Experts’ recommendations have a major effect on my energy decisions.
I like to get energy information.
I like to get energy information from a variety of sources.
It is difficult to find energy information in printed sources (magazines and books).

It is difficult to find energy information on the internet.
Energy related terminology and statements are often difficult to understand.
Energy related numeric information is often difficult to understand.
It is difficult to know who to believe on energy issues.
I am well aware of my household’s electricity consumption.
I know where to seek energy information.
I use energy information in my everyday decisions.

’Advocacy for change’ reflecting the willingnes to
change, preference to get information from a
variety of sources and the facility to find it in
printed sources, willingness to receive information
from experts and other people/acquaintances and
willingness to save energy and change behaviour
towards a climate‐friendly mode.

’Access’ reflecting the perceived easy of finding
reliable and understandable energy information.

’Awareness’ as applying energy information in
everyday life activities.

’Assessment’ reflecting the ability to evaluate the
reliability of printed and online energy information
sources.

Attitude

Advocacy for
change

Access

Awareness

Assessment

It is easy to assess the reliability of energy information in printed sources (magazines and
books).
It is easy to assess the reliability of energy information on the internet.

I think saving energy is important.
More energy should be produced by renewable sources.
Carbon dioxide emissions from the use of fossil fuels have an impact on global warming.
I believe I can contribute to reducing carbon dioxide emissions by my own actions and
decisions.
It is important to be informed about energy issues.

’Attitude’ towards climate change and energy
issues.

Appendix 15. The content of the augmented everyday energy information literacy components (Study 2).
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