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Abstract

This dissertation is concerned with assessment of primary and secondary students’
information, communication and technology (ICT) literacy. The overarching aim of the
dissertation is to investigate the positions and perspectives of different actors (teachers and
students) and practices (assessment instruments) to portray how educational systems can
monitor and support the development of students’ ICT literacy. The background for the
research focus is the importance of ICT literacy for preparing students for the digital era.
Thus, the responsibility of teachers as facilitators of students’ learning of ICT literacy and the
critical role of assessments to monitor and seek to realize this objective is emphasized. Three
individual papers contribute to the overarching aim by addressing distinct research questions

and applying different methods.

The first paper systematically reviews literature on ICT literacy assessments with the
aim to provide knowledge about the characteristics of the assessments, which facets of ICT
literacy are measured, and the reported quality of the assessments. It draws on several
theoretical frameworks and aims to bridge the disparities in the field related to the varied use
of concepts and frameworks. By synthesizing research, the paper outlines the state of the art
and identifies research gaps, some of which are addressed in the subsequent papers. In the
second paper, an instrument to measure teachers’ emphasis on the development of students’
digital information and communication skills (TEDDICS) is validated. This construct
describes a qualitative aspect of ICT use, and it is aligned with the ICT competences students
are expected to attain (i.e., accessing, evaluating, and sharing and communicating digital
information). The third paper validates the Learning in Digital Networks—ICT literacy
(LDN-ICT) test, an online, performance-based assessment that measures students’ ability to
handle digital information, create content, communicate, and collaboratively solve problems.
The findings of Paper 2 and Paper 3 revealed satisfying levels of evidence of the reliability
and validity of the two scales, and further refinements and implications are suggested.

ICT literacy frameworks and Assessment emerged as two central themes across the
three papers, and they form the core of the dissertation. Moreover, the Norwegian context is
emphasized in the dissertation because the respondents in Paper 2 and Paper 3 are Norwegian
teachers and students.

The findings of the dissertation show that the international frameworks can be aligned;

theoretical and empirical evidence for the alignment is provided. Yet, in comparison, the
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Norwegian ICT literacy framework has some limitations; suggestions for further revisions are
given. Moreover, the importance of high-quality assessments is emphasized in the
dissertation, and a set of indicators for reporting the quality of the tests was identified and
further applied to appraise ICT literacy assessments. The findings show that an adequate norm
for documenting and reporting the quality of ICT literacy tests is lacking. These indicators
were further used as a blueprint in the two validation studies (Papers 2 and 3).

In conclusion, the dissertation contributes to the field of ICT literacy assessment by
showing the interrelations between the intended, implemented, and attained curriculum, as
each of them is addressed in one of the three papers. By providing state of the art in the field
and validating two instruments that can be used together, the dissertation helps to inform
educational systems regarding how they can monitor and support the development of

students’ ICT literacy.
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Prologue

My motivation to conduct research on the assessment of ICT literacy in education
grew out of a number of considerations. First, from an early age, I had the chance to “play”
with a computer. This was during a time (around 1985) when computer screens were very
small, hard disks were huge, and there were no graphical user interfaces. I remember reading
an instruction guide in English, and somehow I learned to type “cd dir” (change directory)
and other DOS commands. I also remember playing the very simple game Snake. I believe
this was the starting point for my interest in computers. Second, I studied computer science at
the bachelor level and pursued a master’s degree in science didactics. I have been teaching
ICT at an upper secondary school in Norway. As a teacher, I have watched many of my
colleagues struggle with integrating and using ICT in their classrooms—and this was not
because they did not want to. Rather, they were not trained, nor did they have sufficient
experience with educational technology. Finally, one of my most striking observations of ICT
was related to the students I encountered. Despite the fact that they had their own laptops (or
those provided by the school), in general they did not use them in a way that would enhance
learning or make them more effective learners. They struggled with simple tasks such as
saving files, finding the correct file, searching for information, and especially evaluating
information found on the Internet. Even though students’ experience with ICT and their ICT
skills varied to a large extent, this was a prevalent tendency. Hence, my observations—
especially that even when students are indulged with technology, they do not necessarily have
sufficient knowledge to use it in an educational context—Ilaunched my interest in ICT
literacy.

It has been argued that researchers’ backgrounds, identities, values, and personal
viewpoints affect their studies in several ways (Maxwell, 2013) and may be potential pitfalls
for researcher bias. To understand and minimize bias, researchers should properly address and
disclose their own personal stances, reflections, and expectations. Although the issue may not
be as obvious in the context of a dissertation, my positive attitudes toward technology should
not be confused with a naive view on ICT as a solution for all educational concerns and
issues. I believe that pedagogical use of educational technology and students’ increased ICT
literacy could enhance students’ learning. However, I also very strongly believe that in certain

contexts in school, it is wise to not use ICT in teaching. It is essential to find balance between
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the two for the benefit of students and teachers. It is my hope this text may contribute to that

discourse.
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1 Introduction

The overarching aim of this dissertation is to investigate the assessment of information
and communication technology (ICT) literacy in the educational system by examining the
positions and perspectives of different actors (teachers and students) and practices
(assessment instruments). This study will portray how educational systems can monitor and
support the development of students’ ICT literacy through relevant, purposive, and high-
quality assessments.

This chapter begins with the rationale and contextual background for the dissertation,
and it outlines the context in which the subsequent chapters are situated. Then, this chapter
introduces the three papers discussed in the dissertation and addresses the main objectives of
the dissertation. Furthermore, this chapter discusses how the three papers are related and
respond to the overall aim. Finally, it presents an outline of the dissertation, including a brief

overview of the chapters and how they are related.

1.1 Background and Rationale

ICT is pervasive in today’s society and constitutes an extensive part of young peoples’
lives. ICT is emphasised and formally integrated in the national curriculum of many countries
(Balanskat, 2009). Hence, monitoring and assessing students’ ICT literacy is critical from
several viewpoints (Suto, 2013). To establish a knowledge base regarding students’ actual
levels of ICT literacy, it is necessary to study and summarise the characteristics of ICT
literacy assessments and their underlying conceptual frameworks. Because teachers are the
primary facilitators of students’ ICT literacy development in the educational context, they
may benefit from the information collected during these assessments. Additionally, tools must
be developed to study teachers’ practices and priorities with regard to their emphasis on the
development of students’ ICT literacy.

These perspectives (i.e., teachers, students, and assessments) are closely related to the
conceptual framework of the curriculum model, which was built on the work by Goodlad,
Klein, and Tye (1979). The model distinguishes between the intended, the implemented, and
the attained curriculum (Van den Akker, 2003), which have often been applied as the
domains of analysis in studies on general educational assessment (Mullis, Martin, Ruddock,

O’Sullivan, & Preuschoff, 2009) and ICT in education (Law et al., 2000; Voogt & Roblin,



2012). Markauskaite (2006) emphasised that “in order to develop a comprehensive
understanding of ICT literacy policies and practices in specific contexts, all three domains
should be investigated” (p. 6). Voogt and Roblin (2012) made a similar recommendation
when they looked at 21%-century competences and suggested that “one of the major
challenges in realizing curriculum change is to ensure consistency and balance between these
three curriculum representations” (p. 301). In line with this view, this PhD dissertation
includes studies that span all three domains of the ICT curriculum model; these domains will
be addressed more thoroughly in section 1.3.3.

In most Western societies, students tend to be always on, meaning that they constantly
have access to communication through digital devices (Oblinger, 2004). In fact, young people
in schools today have lived their lives surrounded by technology, including the Internet,
computers, cell phones, tablets, smartphones, and other electronic gadgets. Considering that
digital technology is ubiquitous, researchers have argued that members of the younger
generation have “digital lives” (Green & Hannon, 2007), and they have been labeled as
“digital natives” (Boyd, 2014). However, scholars have emphasised that being a digital native
does not automatically translate into being ICT literate or digitally competent (Helsper &
Eynon, 2010; Selwyn, 2009). Thus, it is important that students master ICT and develop ICT
literacy to successfully participate in education, work, and society in the 21*-century (Griffin,
McGaw, & Care, 2012).

It is necessary to emphasise that the pervasiveness of ICT in Western society does not
apply to the entire world. There are still many countries, especially in the Third World, where
the Internet is restricted to those who are wealthy and/or have a higher education (Green,
2010). The gap between people who have access to ICT resources and the Internet and those
who do not have this access is called the digital divide (Selwyn, 2004). However, this divide
has changed profoundly, especially in developed countries where access to ICT resources and
the Internet are no longer substantial issues. In these countries, the concept of a digital divide
has shifted from unequal access to ICT resources to unequal levels of ICT literacy (van Dijk,
2006). Students’ socio-economic backgrounds, including the language spoken at home, the
number of books at home, the parents’ educational level, household income, access to ICT,
and academic aspirations, have been identified as significant predictors of ICT literacy
(Hatlevik & Gudmundsdottir, 2013; McLaren & Zappala, 2002; Warschauer, 2003),
independent of students’ access to and frequency of ICT use. These findings stress that being

inundated with technology does not inherently provide students with the competences they



need to be critical and proficient users of ICT for educational purposes (Boyd, 2014).
Consequently, education has a vital and urgent role to promote ICT literacy and to prepare
young people for the knowledge society.

Research has demonstrated that students lack essential skills within the ICT literacy
framework. For instance, Stromse and Briten (2014) showed that students lacked skills
related to information retrieval and processing. These findings were supported by several
studies that identified gaps in students’ competences in evaluating information (Aesaert, van
Nijlen, Vanderlinde & van Braak, 2014; Fang, 2012), communicating and collaborating in
digital environments (Calvani, Fini, Ranieri & Picci, 2012; Kuiper, Volman & Terwel, 2005).

Other aspects related to ICT literacy include the widening gap between the culture of
school and the culture of students’ lives outside school (Buckingham, 2007), as well as the
disparities among teachers’ and schools’ ICT use and integration of ICT in teaching and
learning (Fraillon, Ainley, Schulz, Friedman & Gebhardt, 2014). Educationalists, researchers,
and policy makers are solving some of these issues by focusing on teachers’ use and
integration of ICT into their classroom practices (Tondeur, van Braak, Siddiq & Scherer,
2016). However, research has shown that teachers’ actual use of ICT in their teaching and
learning activities is rather limited. In a study on the integration of ICT in education in 26
countries, Pelgrum (2001) reported that teachers lacked essential ICT skills and knowledge to
integrate ICT into their classroom practices. A report from the International Computer and
Information Literacy study (ICILS) revealed that teachers’ ICT use varied considerably; ICT
was used most frequently for relatively simple tasks (e.g., word processing, presentations,
information search and retrieval) and less for more complex tasks (e.g., enabling student
collaboration, assessment, and feedback) (Fraillon et al., 2014).

Furthermore, because teachers are considered to be the key facilitators in promoting
students’ ICT literacy, several researchers have investigated factors that have hindered or
promoted teachers’ ICT use, as well as their attitudes and opinions related to ICT use in the
classroom. In addition to resistance to change (Gomes, 2005), research has identified a lack of
confidence, ICT literacy training, and teacher support as the main hindrances to the
integration of ICT in classroom practices (Bingimlas, 2009; Fraillon et al., 2014). Moreover,
research has shown that teachers’ ICT self-efficacy and perceived usefulness of ICT are
strongly related to their actual integration of ICT in learning environments (Chien, Wu, &
Hsu, 2014; Scherer, Siddiq, & Teo, 2015). Ottenbreit-Leftwich, Glazewski, Newby, and
Ertmer (2010) identified that teachers’ ICT use was closely related to their value beliefs,



which were concerned with their own students’ needs. These findings imply that teacher
professional development with regard to development of teachers’ technological pedagogical
content knowledge (Mishra & Koehler, 2006) should not only address the development of
their basic technical skills or introduction to available ICT tools but also discuss the benefits
of these tools for specific purposes related to students’ learning.

ICT usage in the classroom has been shown to have a positive effect on students’
motivation and interest, which often results in increased attention and improved behaviour
(Passey, Rogers, Machell, & McHugh, 2004). However, studies have stressed that ICT per se
cannot improve learning outcomes unless it is accompanied by an underlying pedagogy
(OECD, 2015; Passey et al., 2004; Smith, Higgins, Wall, & Miller, 2005; Watson, 2001).

In light of these considerations, this dissertation adopts the view that ICT literacy and
use of ICT in schools require careful consideration of the various aspects which may improve
its success, as well as identification of those factors that may lead to its failure. In an
educational setting, success is measured in terms of indicators, such as students’ actual
learning outcomes, engagement, metacognition, problem solving, and critical thinking
competences. It is, therefore, important that ICT is used in learning environments only when
such learning constituents can be achieved. Thus, the educational system should ensure that
all students have equal opportunities to become ICT literate by exploring, learning, and
developing these competences within the educational system.

Given the dense overview of the contextual background of this study, systematic
evaluations of pupils’ ICT literacy in the educational system seem critical. The exact
orientation of the assessments would vary based on how the intended curriculum is defined in
the various contexts, but it is fundamental to have valid and reliable tools (e.g., assessments,
teaching and learning materials and methods) to obtain the information needed at both the
classroom and system levels. Hence, the focus on assessments targeting students’ ICT literacy
as such has become vital as they potentially serve many purposes: (1) the tests can provide
insight into how the concept is operationalized in the educational system and what this means
for the teachers responsible for developing students’ ICT literacy; (2) how the teachers fulfill
their roles as providers of the skills students should attain as part of the ICT literacy
curriculum; and (3) to what extent students possess skills related to ICT, which again may

inform educational policy and practice. Hence, assessments play a critical role.



1.2 Delineation of the Research Field

This doctoral study is concerned with a field which is broad and intersects with several
other research fields. Therefore, in the following, the aim is to clarify and delineate the
research area to pinpoint the focus of this study. This section should not be confused with a
literature review; rather, it is a clarification of what the dissertation is concerned with and
which areas of research it does not cover. A more detailed account of the literature is
presented in the systematic review (Paper 1 in the dissertation) and therefore not regarded as
necessary to include in this wrapping.

The subject of this study is placed in the cross-section between ICT Iiteracy,
assessment, and education, and each of these concepts connotes a different field. However,
when integrated, they bring in different associations and meanings to different people (e.g.,
researchers, policy makers, educationalists, teachers). To narrow the scope of this study, a
clarification of relevant and irrelevant aspects is specified. First of all, this is research on
assessment of ICT literacy with reference to ICT literacy frameworks (and related concepts;
see the method chapter), which is central to this study. Thus, this work is not to be concerned
with research on single competence areas, such as computer-supported collaborative learning
(Stahl, 2005), information literacy (Litt, 2013), use of games in education (Mislevy et al.,
2016), or complex problem solving (Greiff, Wiistenberg, Molnar, Fischer, Funke, & Csapo,
2013), and neither are students’ or teachers’ actual classroom experiences with, perceptions
of, or use of ICT. These topics are interesting and intersecting, yet out of scope of this
dissertation.

There are two specific approaches to measuring ICT literacy, one which assumes that
ICT is closely related to subject content (e.g., mathematics, science, reading) and another
which presumes that ICT literacy transcends individual disciplines and comprises a set of
knowledge, skills, and understandings that learners can adapt and transfer to new contexts
(Fraillon, Schulz, & Ainley, 2013). Thus, subject content is often used as a context around the
assessment items for providing students with more authentic tasks (Voogt & Roblin, 2012). In
this study, the second approach is taken. ICT literacy at its core is perceived as consisting of a
set of generic competences and reflects critical thinking rather than only technical or basic
skills. Furthermore, ICT literacy has been assessed by both self-reports and performance-
based tests. In this study, the latter assessment approach was selected, because self-reports
have been shown to be biased (e.g., toward gender [Aesaert et al., 2014; Hakkarainen et al.,

2000]) and may not provide an accurate picture of students’ actual competence.



1.3 The Three Research Papers Constituting the
Dissertation

The dissertation consists of three papers which aim to shed light on different aspects
related to research on ICT literacy assessment in primary and secondary education. Each
paper in the dissertation takes a slightly different perspective and addresses distinct research
questions, discusses the results, and draws implications for the field.

The three papers included in the dissertation are:

Paper 1

Published as

Siddiq, F., Hatlevik, O. E., Olsen, R. V., Throndsen, 1., & Scherer, R. (2016). Taking a future
perspective by learning from the past—A systematic review of assessment instruments that
aim to measure primary and secondary school students’ ICT literacy. Educational Research
Review, 19, 58-84. do0i:10.1016/j.edurev.2016.05.002

Paper 2

Published as

Siddiq, F., Scherer, R., & Tondeur, J. (2016). Teachers’ emphasis on developing students’
digital information and communication skills (TEDDICS): A new construct in 21*-century
education. Computers & Education, 92-93, 1-14. d0i:10.1016/j.compedu.2015.10.006

Paper 3

Submitted to Computers & Education

Siddiq, F., Gochyyev, P., & Wilson, M. (2016). Learning in digital networks—ICT literacy:

Validation of a novel assessment of 21*-century skills.

Further in the wrapping, the three papers are referred to as systematic review, TEDDICS, and
LDN-ICT, respectively.

1.3.1 Overarching Aim and Research Objectives

The overarching aim is to investigate the assessment of ICT literacy by examining the
positions and perspectives of different actors (teachers and students) and practices
(assessment instruments) to portray a fuller picture of how educational systems can monitor

and support the development of students’ ICT literacy through relevant, purposive, and high-



quality assessments. Valid and reliable assessments are of vital importance for facilitating the
alignment of intended, implemented, and attained curriculum. Furthermore, without high-
quality assessment, it is not possible to study the complex relationship between instruction
and learning of ICT literacy. Thus, the development of proper tools for assessment is of high

importance for both practice and research.
More precisely, the following research objectives were posed:

Research objective 1: What is the current state of the art in the field of assessment of primary

and secondary students’ ICT literacy?

Research objective 2: To what extent can Teachers’ Emphasis on Developing Students’

Digital Information and Communication Skills (TEDDICS) be measured with high quality?

Research objective 3: To what extent can the validity of the Learning in Digital Networks—

ICT literacy (LDN-ICT) test be provided?

The three research objectives addressed in the dissertation were founded in Papers 1,
2, and 3, respectively, and they collectively address the overarching aim by emphasizing the
different aspects of the curriculum analysis model (Mullis et al., 2009): the intended
curriculum, the implemented curriculum, and the attained curriculum as shown in Figure 1.
More detailed explanations about the papers and how they are related to the levels in the
model are described in section 1.3.3, and further details which explain Figure 1 will be

provided, after a short summary of the three papers.

Intended ICT Literacy
Governmental/political level
Paper1

Systematic Review

Implemented ICT Literacy
Teacher & classroom level

Attained ICT Literacy
Student level

Paper 2
TEDDICS

Paper3
LDN-ICT Literacy

8

Figure 1. The interrelations among the three papers and the curriculum model, and how they

address the overarching aim of the dissertation



1.3.2 A Short Summary of the Papers

Systematic review (Paper 1)

Paper 1 investigated the first research objective: What is the current state of the art in
the field of assessment of primary and secondary students’ ICT literacy? Three narrow
research questions were posed to address this objective: (1) Which assessment instruments
can be identified and what characterizes them? (2) which facets of ICT literacy are measured
by the identified instruments? and (3) to what extent is the quality of the tests reported?

The systematic review aims to provide state-of-the-art knowledge concerning
assessment of primary and secondary students’ ICT literacy—focusing on an appraisal of
instruments measuring these competences. An extensive search strategy was applied by
combining relevant terms in a search algorithm, and it searched databases commonly used for
educational research. In addition, key terms were applied to Google Web. Professional social
networks such as LinkedIn, Academia.edu, and ResearchGate were also used to search for
relevant articles, and discussion groups were utilized for inquiring about relevant tests for
identifying grey literature (Jesson, Matheson, & Lacey, 2011). A set of inclusion and
exclusion criteria were pre-defined and applied to the search results, and 38 tests reported in
66 studies were included in the systematic review. Data from each study were extracted by
following a coding scheme, and all studies were coded by two independent researchers.

The systematic review draws on a number of theoretical considerations and serves
several purposes in the dissertation. First, it has a number of theoretical contributions
consisting of: (1) The revised DIGCOMP framework (Table 1), which was developed on the
basis of an iterative process of categorizing the competences measured by the tests. The
DIGCOMP framework was revised to enhance the clarity and applicability of the competence
areas and the competences within each area. The revised DIGCOMP framework was further
used to align with the following two papers and serves as the theoretical framework
throughout the dissertation. (2) A coding scheme for appraising the reporting of the reliability
and validity argument was developed because there was a lack of a common framework for
identifying the quality across the ICT literacy assessments. (3) A four-indicator rubric for
evaluating the innovativeness of the tests (i.e., design of tasks or items) was developed. The
three theoretical contributions were developed on the basis of substantial literature reviews
and further applied to the data (i.e., the tests) for appraising characteristics of the ICT literacy
assessments. Second, the systematic review provides up-to-date knowledge about the field of

ICT literacy assessment. The researchers systematically searched for and reviewed “all”
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relevant literature and identified general characteristics of the studies, which facets of ICT
literacy the existing tests measure, how they are measured, and the reported quality of the
instruments. Gaps in the research were identified, and some of them are addressed in the two

subsequent papers.

TEDDICS (Paper 2)

Paper 2 investigates the second research objective: To what extent can Teachers’
Emphasis on Developing Students’ Digital Information and Communication Skills
(TEDDICS) be measured with high quality? In the paper, three more specific research
questions were posed: (1) To what extent can the structure of the TEDDICS scale be
confirmed? (2) To what extent can the external validity of TEDDICS be established? (3) Is
TEDDICS invariant across teachers’ gender and main subjects, and to what extent do mean
differences exist?

The study draws on data from the ICILS. A representative sample of 1,100 Norwegian
teachers responded to a teacher questionnaire which contained a range of variables related to
teachers’ ICT self-efficacy, ICT use, perceived usefulness of ICT, age, gender, and to what
extent they emphasize developing their students’ digital information and communications
skills. The latter, which is labeled TEDDICS, was the core scale which was validated in this
study. TEDDICS is a construct that describes qualitative aspects of ICT use beyond mere
frequency reports, and it was conceptualized by focusing on digital skills such as accessing,
evaluating, sharing, and communicating digital information (aligned with competences
described in ICT literacy frameworks). The main aim of this study was to validate the
TEDDICS construct, and exploratory structural equation modeling (ESEM) was applied to
analyse the data. The factorial structure and generalizability of the scale were investigated,
and its relations to the other constructs were examined as part of the validation process (i.e.,

external validity).

LDN-ICT (Paper 3)

Paper 3 addresses the third research objective in the dissertation: To what extent can
the validity of the Learning in Digital Networks—ICT literacy (LDN-ICT) test be provided?
Also for this study, three more targeted research questions were posed: (1) To what extent can
evidence for internal validity be proved? (2) To what extent can the underlying conceptual
framework be confirmed? (3) To what extent can the evidence for the external validity be

provided?



Paper 3 investigates the LDN-ICT test. This study is a result of a larger collaboration
with the Berkeley Evaluation and Assessment Research (BEAR) Center' at the University of
California (UC), Berkeley. The original test in English was translated, adapted, and revised
for use in the Norwegian language, school, and cultural setting. The LDN-ICT test comprises
an online performance-based assessment in which real-time student-student collaboration is
facilitated through two different platforms (CoSketch and GoogleDocs). The tasks are
embedded in a test environment with open access to the Internet, and in which synchronous
digital communication and collaborative problem solving are facilitated. In addition, the test
attempts to measure students’ ability to handle digital information and create content. A
sample of 175 Norwegian students in the ninth grade took the test and responded to a
questionnaire which contained background variables (e.g., gender, socio-economic status
[SES]) and constructs related to their self-beliefs (collective efficacy, ICT self-efficacy,
perceived usefulness of ICT, and academic aspirations). Item Response Theory (IRT) models
(i.e., Unidimensional and multi-dimensional Rasch model) were applied to analyse the data.
Appropriateness of the models was evaluated by examining the item fit statistics and to what
extent the underlying framework consisting of four dimensions is reflected. Also, the
generalizability (differential item functioning) of the measure and the relations between
students’ test scores and the remaining constructs were investigated as a step of inspecting the

external validity of the test.

1.3.3 How the Papers Collectively Address the Overarching Aim

The curriculum model is used to understand the interrelations among the three levels:
the intended curriculum, the implemented curriculum, and the attained curriculum, and how
the three studies in the dissertation are related to each. The model is often used by evaluation
enterprises, such as the International Association for the Evaluation of Educational
Achievement (IEA), to provide an in-depth understanding of students’ opportunity to learn
(Mullis et al., 2009). The intended curriculum level represents the learning goals intended for
students to achieve and how the educational system should be organized to facilitate these. As
illustrated in Figure 1, this view is addressed in Paper 1, which details and discusses concepts
and frameworks of ICT literacy. Moreover, the DIGCOMP framework (Ferrari, 2013) was

used to appraise the operationalization of the frameworks in ICT literacy assessments and

! For more information, visit http://bearcenter.berkeley.edu/
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further revised to serve as a model. The next level, implemented curriculum, represents what
is actually taught in schools or classrooms, the characteristics of those teaching it, and how it
is taught. As shown in Figure 1, Paper 2, which is concerned with the degree to which
teachers emphasize developing their students’ ICT literacy, mainly addresses this level in the
model. The teachers also responded to questions about their use of ICT in the classroom, as
well as their beliefs related to their own competences and the usefulness of ICT. The
TEDDICS instrument aims to capture several aspects of what is going on in the classroom
with regard to ICT. In the end, the level attained curriculum, which is described as students’
outcomes and characteristics, is included in Paper 3 (see Figure 1). Paper 3 is concerned with
assessment of students’ ICT literacy in digital networks. The assessment instrument aims to
measure several competences within the ICT literacy framework (the intended curriculum)
and may therefore inform about students’ achievement related to these. The three papers aim
to learn more about students’ opportunities to develop ICT literacy and how the educational
system could facilitate this learning. Note that the curriculum model is used to facilitate the
descriptions of the linkages among the three individual papers and how they together address
the overall research aim. Hence, this is a conceptual model for framing the thesis and should
not be perceived as an overarching analytical model. The model is not explicitly referred to in
each of the three papers but will be revisited and applied in the synthesis of the three studies,
which is provided in the discussion of this wrapping.

Figure 2 provides a more detailed overview of the work presented in the dissertation.
Paper 1 sets the scene for the overall dissertation by providing a comprehensive review of the
research field. This work was to a large degree theoretical and concerned with synthesizing
research to provide an overview of the research field, which has been fragmented because of

varying use of concepts and frameworks, and identified research gaps.

Intended ICT Literacy

Governmental/political level

Figure 2. Dissertation overview

Paper 1
Systematic Review
Tieormnd Note. This figure provides an
Revised DIGCOMP Framework :::S'Eemp'”ca'

overview of the dissertation, including
Validity and Reliability Indicators

_ the relationships among the three

Implemented ICT Literacy ' Attained ICT Literacy papers the leVels in the Curriculum
Teacher & classroom level Student level ’
Developmental .
Paper2 Paper 3 aacmnes . model to which they are related, and
TEDDICS LDN-ICT Literacy phase
\ J the phases they address.
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Papers 2 and 3 address some of the issues highlighted in Paper 1. More specifically,
they are both empirical studies, demonstrate conceptualizations of two frameworks of ICT
literacy, and investigate the quality (e.g., reliability and creation of a validity argument) of the
newly developed instruments. Paper 3 involved also further development of the LDN-ICT test
since it was concerned with the translation, adaption, and revisions of the test as it was

prepared for use with Norwegian students.

1.4 An Outline of the Dissertation

Chapter 1 set the scene and provided the background for this doctoral study.
Moreover, the overarching research aim was stated, and an overview of how the three single
studies contribute to the objectives was provided. As the field of ICT literacy is complex in
terms of breadth and depth, the aim of Chapter 2 is to define and outline core terms and
frameworks. In particular, the aim is to clarify the ICT literacy concept and delineate the use
of this and related concepts in the dissertation. The underlying framework of the dissertation
(i.e., DIGCOMP) is described, and comparisons between this and the two frameworks
underlying Papers 2 and 3 are made for drawing on similarities and disparities. Finally,
assessment 1s described from a theoretical perspective, and validity and reliability are
discussed as crucial elements of assessment. Moreover, Chapter 2 serves as a basis for the
discussion of the research findings in Chapter 5. The nature of the specific research questions,
the properties of the designs, and the data available for analysis have guided the
methodological choices in each of the three papers. These are described in some detail in the
papers, but Chapter 3 provides a more generic presentation of them and an overarching
rationale for the methodological choices. Chapter 4 provides a summary of the main results of
each paper, which are further discussed in Chapter 5. Finally, in Chapter 6, the contribution of
the dissertation to the field, limitations, and future directions are discussed, followed by

closing remarks.
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2 Theoretical Perspectives

In this chapter, the most relevant theories and theoretical considerations related to the
dissertation are outlined. The systematic review (Paper 1) provides a thorough account of the
main theoretical considerations and informs Paper 2 and Paper 3. Thus, an extensive review
of the literature will not be provided. Instead, theoretical reflections regarding choice of
concept, framework, and assessment are described, the purpose of which is to facilitate a
broader discussion of the three studies (Chapter 5). More specifically, the ICT literacy
concept is defined and a rationale for choosing it is given, followed by a brief historical
overview of the concept and how it has evolved over the years. The DIGCOMP framework
underlying Paper 1 and the overall dissertation is described, followed by a comparison with
the two partly overlapping frameworks used in Paper 2 and Paper 3, the computer and
information literacy (CIL) and 2Ist-century skills, respectively. Furthermore, to facilitate a
broader discussion of the relevance of this work for the national educational context, the
Norwegian ICT literacy curriculum is briefly described and compared with DIGCOMP.
Lastly, the theoretical perspectives concerning the field of educational assessment are outlined

and delineated to the focus of this study.

2.1 ICT Literacy

In the research literature, myriad concepts (e.g., digital competence, ICT skills,
computer literacy, ICT fluency, technological literacy, Internet skills, information literacy,
media literacy) are used to describe knowledge, skills, and attitudes related to ICT (Ala-
Mutka, 2011; Law, Lee, & Yuen, 2009). Even broader concepts such as new literacies,
generic skills, and 21st-century skills are used to describe ICT-related competences.
Moreover, efforts have been made to clarify and distinguish between the concepts in order to
identify similarities and differences (Lankshear & Knobel, 2008). However, it seems to be a
challenging task, and many researchers have concluded that most of the terms are used
interchangeably and reflect the same content to a great extent (Law et al., 2009; Sgby, 2013).
Nevertheless, research abounds with conflicting views. Markauskaite (2006) argued that even
though different terms are used synonymously for describing ICT-related capabilities, they do
not necessarily convey exactly the same meaning. She further argued that the evolution of

technology and society has been a driver for continuous change of the concepts and their
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content. The literature also highlights the strong connection between ICT-related competences
and other capabilities or literacies (e.g., numeracy, reading and science literacy, creativity,
productivity, communication, collaboration skills; North Central Regional Educational
Laboratory [NCREL], 2003). Thus, a change in ICT may not only affect ICT literacy, but also
induce changes in more generic cognitive or non-cognitive competences. Consequently, an
agreement regarding the definitions and descriptions of the terms related to ICT knowledge
are seen as critical, especially in the context of education (Markauskaite, 2006) and effective
policy making (Voogt & Roblin, 2012). Nevertheless, a comprehensive examination of the
relevant concepts and their underlying meanings is out of scope for this dissertation.

In the dissertation, /CT literacy is used as the preferred term for describing students’
knowledge, skills, and attitudes related to ICT in formal education. This choice was based on
the following arguments: (1) ICT literacy incorporates all technologies of information
processing and transmission but excludes too general or field-specific technologies (Lennon,
Kirsch, Von Davier, Wagner, & Yamamoto, 2003; Markauskaite, 2006). (2) It includes the
full range of knowledge, skills, abilities, attitudes, and other ICT-related capacities and is
perceived as broader than only a set of ICT competences (Aesaert, 2015). (3) Other cognitive
and non-cognitive attributes which may become essential due to technological development
could be added to the term because it is semantically wide (Markauskaite, 2006). (4) It is seen
as a life skill (such as numeracy or reading literacy) and depends on the need of the situation
(Martin, 2006). (5) The term is established in the educational policy-making, decision-
making, and research communities (Markauskaite, 2006).

Moreover, in this dissertation, although ICT literacy is the dominant term, digital
competence and digital literacy are used synonymously, as they are closely related and
connote to a large degree comparable frameworks, include converging competences, and are
extensively used in educational research.

Note that the frameworks underlying the three papers in the dissertation use different
concepts to address ICT literacy (e.g., digital competence, CIL, and 21st-century skills). The
conceptual understanding and the content of the frameworks are described and discussed in

section 2.2, which emphasizes that the concepts converge and address common domains.

2.1.1 Definition of ICT Literacy

In this thesis, the following definition of ICT literacy is used: “the interest, attitude,

and ability of individuals to appropriately use digital technology and communication tools to
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access, manage, integrate, and evaluate information; construct new knowledge; and
communicate with others in order to participate effectively in society” (Lennon et al., 2003, p.
8). This definition is in line with several other definitions of ICT literacy (Educational Testing
Service [ETS], 2007; Ministerial Council on Education, Employment, Training and Youth
Affairs [MCEETYA], 2005) and digital competence (Ferrari, 2013) which reflect the
importance of confident and critical use of ICT for fully participating in the knowledge
society. Yet, these definitions are rather general and have developed over time. Hence, a brief
overview of this development will be described in next section, followed by an outline of the
frameworks (i.e., DIGCOMP, CIL, and 21st-century skills) used in this dissertation to

describe the content of the ICT literacy concept in more detail.

2.1.2 A Brief Historical Description of ICT Literacy

Most scholars agree that operationalization of ICT literacy has changed over time due
to the advancement and changes in technology (Erstad, 2006). One of the first definitions of
ICT literacy was provided in the book Digital Literacy (Gilster, 1997). In this book digital
literacy was quite generally explained as “an ability to understand and to use information
from a variety of digital sources” (p. 1). Gilster was later criticized for not providing an
overview of skills, competences, or attitudes to describe what it means to be digitally literate
(Lankshear & Knobel, 2008). However, in his book, he discussed issues that are related to
content, yet he did not systematize or further outline them.

Moreover, Gilster was not the only one of his time who was concerned with digital
literacy; several other researchers used the concept (or similar concepts, see Eshet-Alkalai,
2002; Lankshear & Knobel, 2008; Martin, 2006 for an overview), defined it, and outlined the
content. Nevertheless, these were in general too restrictive and too influenced by the
technology of their time (Lankshear & Knobel, 2008). Thus, Gilster’s definition is more in
line with the definitions of today and was supported by Eshet-Alkalai (2002), who argued that
digital literacy “must be more than the ability to use digital sources effectively; it is a special
kind of mindset or thinking” (p. 2). Gilster himself argued explicitly that “digital literacy is
about mastering ideas, not keystrokes” (Gilster, 1997, p. 15).

Martin (2006) labeled this time period of ICT in education as the application stage,
which lasted from the mid-1980s to the late 1990s. This stage was characterized by a focus on
developing practical, basic competences in using and applying computers and software. The

focus shifted from developing specialist knowledge toward using computers as everyday tools
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in education, work, leisure, and home. The application stage was the successor of the mastery
stage, which lasted from the 1960s to the mid-1980s and was characterized by schools
focusing on the acquisition of knowledge about iow computers work, as well as basic
programming skills (Markauskaite, 2006; Martin, 2008). The time period since the 1990s has
been labeled the reflective stage (Martin, 2008), which is concerned with the need for students
to acquire generic skills or meta-skills to adequately cope with the changes in the knowledge
society (Voogt, 2008). In other words, during this stage, the mastery of technical skills was
considered insufficient with respect to developing proficient ICT literacy (ETS, 2002).
Following Martin’s (2008) descriptions, we are still in the reflective stage, labeled “late-1990s
and on” (p. 157).

It has not been discussed whether this phase has been superseded by another or
whether we are still in it. Albeit, many of the ideas of the reflective phase still apply today.
There seems to be a new wave coming, concerned with even broader skillsets, such as 21st-
century skills (Voogt & Roblin, 2012), and in which ICT literacy is often described as a
subset (Griffin et al., 2012). The need for broader skillsets originated from the larger changes
in society and economy due to rapid technological inventions. Moreover, these changes are
further affecting work life and the types of jobs demanded in the knowledge society. As a
consequence, educational systems are now challenged to prepare young people for a future
with uncertain job demands (Dede, 2009).

In sum, technological advancements and the increased availability of ICT resources
have created changes in learning environments. Consequently, ICT literacy and related
concepts have changed, broadened, and adapted. Nevertheless, the concepts themselves do not
reflect, for instance, what it is meant by being ICT literate, or which specific skills, attitudes,
and competences students should attain. Thus, such concepts are most often accompanied

with frameworks, which outline and detail the specific content related to the concept.

2.2 Theoretical Frameworks of ICT Literacy

The three papers in the dissertation relate to different underlying frameworks. The
DIGCOMP framework was chosen as the preferred framework for categorising the studies
included in the systematic review (Paper 1). Paper 2 and Paper 3 were based on existing
large-scale international studies which already had been defined and framed within the CIL

and 21st-century skills frameworks, respectively. The following section will compare these
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two frameworks with the DIGCOMP framework to ensure the comparability of the results of
the three papers (Chapter 4) and to facilitate the discussion (Chapter 5). In the end, because
the respondents in the two empirical studies (Paper 2 and Paper 3) were Norwegian teachers
and students, the ICT literacy framework in the Norwegian curriculum is described to provide

the national context in which Paper 2 and Paper 3 take place.

2.2.1 The Revised DIGCOMP Framework

DIGCOMP (a Framework for Developing and Understanding Digital Competence in
Europe) was initially developed by the European Commission (Ferrari, 2013). An
introduction to the initial DIGCOMP framework, a justification for why the DIGCOMP
framework was chosen, and, moreover, an outline of the revisions made to the original
DIGCOMP framework are provided in Paper 1. Hence, in this section, the revised DIGCOMP
framework is described.

The DIGCOMP framework is divided into five levels. The first level of the framework
comprises six competence areas: Information, Communication, Content Creation, Safety,
Problem Solving, and Technical Operational Skills (Table 1). Each competence area consists
of a number of competences (level 2; Table 1), which are further fine-grained and descriptions
of proficiency levels for each competence are outlined (level 3). The fourth level outlines
examples of knowledge, skills, and attitudes applicable to each competence. The last and fifth
level displays a contextual elaboration by providing examples of the applicability of the
competence for different purposes.

DIGCOMP is a dynamic framework, which is regularly revised and updated due to
rapid technological changes in the digitalization of society. A new version of DIGCOMP with
initial revisions of the competence areas and competences (phase 1) was just published, and
further revisions (phase 2) are planned for 2016 (Vuorikari, Punie, Carretero Gomez, & Van

den Brande, 2016).

2.2.2 CIL and 21st-century Skills Frameworks

The CIL framework was developed as part of the ICILS (Fraillon et al., 2013). The
chosen term seems restrictive compared to other terms used more often in educational
contexts. However, a rationale for the choice is provided in the framework, and the authors

further argue that “ICILS was established to investigate the competences associated with
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computer and information literacies as the enabling components of digital competence and
21st-century skills” (Fraillon et al., 2013, p. 16). This claim clarifies the relatedness of CIL
and other broader concepts.

The top-level organizing concepts in the CIL framework are the two strands Collecting
and Managing Information and Producing and Exchanging Information. Each strand is
further detailed into aspects. The strand Collecting and Managing Information includes the
aspects Knowing about and Understanding Computer Use, Accessing and Evaluating
Information, and Managing Information. The second strand includes the aspects
Transforming Information, Creating Information, Sharing Information, and Using
Information Safely and Securely (Fraillon et al., 2013).

The 2Ist-century skills framework was developed within the international project
“Assessment and Teaching of 21st-Century Skills” (ATC21S; Binkley et al., 2012), and it is
based on analysis of twelve relevant frameworks drawn from a number of countries. Whereas
the CIL framework aims at being very precise and closely related to the content defined as
relevant for developing an assessment for secondary school students across the world, the
21st-century skills framework aims at being sufficiently broad to capture the skills anticipated
to be of relevance for all citizens in the close foreseeable future. The authors argue, “Although
there are significant differences in the ways in which these skills are described and clustered
from one framework to another, we consider that the above list of ten is sufficiently broad and
comprehensive to accommodate all approaches” (Binkley et al., 2012, p. 36). The framework
distinguishes between four categories containing ten skillsets: Ways of Thinking (including
the skillsets Creativity and Innovation; Critical Thinking, Problem Solving, and Decision
Making; Learning to Learn; and Metacognition); Ways of Working (including the skillsets
Communication and Collaboration); Tools for Working (including the skillsets Information
Literacy and ICT Literacy); Living in the World (including the skillsets Citizenship, Life and
Career, and Personal and Social Responsibility) (Binkley et al., 2012, p. 18). Each skillset is

further detailed with regard to competences, skills, attitudes, and values.

2.2.3 Comparisons among the DIGCOMP, CIL, and 21st-century
skills frameworks

Although the three frameworks were developed within different larger projects for

rather different purposes, they convey many of the same principles, are all related to
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education, and, moreover, aim to describe what and how, students acquire, use, adapt to, and
learn with technology.

The revised DIGCOMP framework (Ferrari, 2013) with the six competence areas is
the starting point for a brief comparison, as shown in Table 1. It is beyond the scope of this
thesis to provide an exhaustive comparison of the three frameworks with a full review and
synthesis of every detail included in them. The following overview’s sole purpose is to
provide enough detail in order to highlight the similarities and differences of specific
relevance to allow for an overarching discussion of the findings in the three papers in the
thesis.

In general, the three frameworks emphasise students’ ability to collect and understand
information; to produce information; to communicate digital information; and to search,
produce, and communicate in a safe and responsible way. The competence area Information
involves identifying, retrieving, and analysing digital information (Ferrari, 2013). This
competence area is equally covered in the three frameworks (Table 1). The competence area
Communication refers to students’ awareness, knowledge, and understanding of
communication with others. Similar descriptions can be found in the CIL framework aspect
Sharing Information (2.3) and in the 21st-century skills framework aspects Communication
(4) and Collaboration (5). Note that the collaboration aspect of communication is lacking in
the CIL framework. The third competence area, Content Creation, captures the students’ use
of digital tools for production, publishing, and problem solving. Similar descriptions could be
found in the CIL framework aspects Transforming Information (2.1) and Creating
Information (2.2), and also in the 21st-century skills framework Creativity and Innovation (1)
together with Critical Thinking (2). The area Safety involves personal protection, data
protection, digital identity, and security issues (Ferrari, 2013). Similar descriptions can be
found in the CIL framework aspect Using Information Safely and Securely (2.4) and as part of
the skills in Personal and Social Responsibility (10) (Binkley et al., 2012). Furthermore,
Problem Solving involves the ability to identify and solve various problems. Similar
descriptions can be found in the 21st-century skills framework category 2, but not in the CIL
framework. Finally, for the area Technical Operational Skills, similar descriptions can be
found in the CIL framework (e.g., Knowing about and Understanding Computer Use [1.1]),

but this is not explicitly mentioned in the 21st-century skills framework.
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Table 1. A comparison among the revised DIGCOMP framework and CIL, 21st-century

skills, and the Norwegian ICT literacy curriculum

DIGCOMP

CIL

21* Century skills

Norwegian curriculum

Competence areas and competences

Strands and Aspects

Categories and skillsets

Categories

1. Information

1.1 Browsing, searching, and filtering
information

1.2 Evaluating information

1.3 Storing and retrieving information

Collecting and

managing
information

1.1 Knowing about and
understanding computer
use

1.2 Accessing and
evaluating information
1.3 Managing
information

Tools for Working

6. Information literacy
7. ICT literacy

Search and process

2. Communication

2.1 Interacting through digital
technologies

2.2 Sharing information and content
2.3 Engaging in online citizenship
2.4 Collaborating through digital
technologies

*2.1.1 Asynchronous communication
*2.1.2 Synchronous communication
*2.4.1 Asynchronous collaboration
*2.4.2 Synchronous collaboration

2.3 Sharing information

'Ways of Working

4. Communication
5. Collaboration

Communicate

3. Content creation

3.1 Developing content

3.2 Integrating and re-elaborating
3.3 Copyright and licenses

3.4 Programming

Producing and
exchanging information

'Ways of Thinking
1. Creativity and

2.1 Transforming
information
2.2 Creating information

innovation

2. Critical thinking,
problem solving, decision
making

Produce

4. Safety
4.1 Protecting devices

4.2 Managing and protecting
personal data

4.3 Protecting health

4.4 Protecting the environment
4.5 Netiquette

2.4 Using information
safely and securely

ILiving in the World

IDigital judgment

10. Personal and social
responsibility

S. Problem solving

5.1 Solving problems with use of
digital technology

5.2 Collaborative problem solving
5.3 Innovating and creatively using
technology

5.4 Identifying digital competence gaps

2. Critical thinking,
problem solving, decision
making

6. Technical operational

6.1 Solving technical problems
6.2 Identifying needs and
technological responses

6.3 Basic technical skills

1.1 Knowing about and
understanding computer
use

Note. The competences in bold letters represent the revisions of the original DIGCOMP

framework. Elements marked with an asterisk (*) refer to level 3 in DIGCOMP.
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2.2.4 The Norwegian ICT Literacy Curriculum

ICT literacy has been integrated in the national curriculum in Norway since the
educational reform labeled as knowledge promotion in 2006. Norway was one of the first
countries to enhance the status of ICT literacy by including it in the national curriculum
(Balanskat & Gertsch, 2010; Krumsvik, 2008), and it is the teachers who are formally
responsible for teaching ICT literacy. ICT literacy is not a subject in the compulsory
education, but it is defined as one of the basic key literacies (along with reading, writing, oral
skills, and numeracy) to be integrated with the competence aims of the school subjects
(Norwegian Directorate for Education and Training, 2012). This represents a strong signal
about the content and direction for the future development of ICT as key literacy for learning
(Erstad, 2010).

In the national curriculum, ICT literacy is defined as follows: “Digital skills involve
being able to use digital tools, media, and resources efficiently and responsibly, to solve
practical tasks, find and process information, design digital products, and communicate
content. Digital skills also include developing digital judgment by acquiring knowledge and
good strategies for the use of the Internet” (Norwegian Directorate for Education and
Training, 2012, p. 12). Moreover, ICT literacy is described as a prerequisite for further
learning and for active participation in working life and society.

The ICT literacy framework is outlined in a grid and consists of four categories,
namely: Search and Process, Produce, Communicate, and Digital Judgment. For each of
these categories, descriptions of the progression through five levels are provided, and each
competence category (i.e., the cells) in the grid formulates performance standards at that level
(Appendix A). The framework continues by stating that “the requirements are general and
serve as a basis and point of reference for developing subject and grade relevant competence
aims” (Norwegian Directorate for Education and Training, 2012, p. 5). Moreover, it is stated
in the framework that each subject curriculum group needs to “make decisions on which
grids, cells, and levels are relevant for their subject as well as for different age groups of
students, and formulate competence aims based on these decisions” (Norwegian Directorate

for Education and Training, 2012, p. 5).
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2.2.5 Comparisons Between the Revised DIGCOMP Framework and
the Norwegian ICT Literacy Curriculum

A comparison between the revised DIGCOMP framework and the Norwegian ICT
literacy curriculum (Table 1) indicates that the competence areas Information, Content
Creation, and Safety in the DIGCOMP framework are to some extent covered in the
Norwegian ICT literacy curriculum, whereas the competence areas Communication and
Problem Solving are to a great extent lacking. Hence, the Norwegian ICT literacy framework
lacks descriptors related to the more generic 21st-century skills (e.g., Communication,
Collaboration, Problem Solving, Creativity; competence areas 4 and 5 in the revised
DIGCOMP framework).

The largest difference between the two is that the Norwegian curriculum is less
detailed, and many of the single competences in DIGCOMP are included in the level
descriptions instead (see Appendix A for an overview of the Norwegian ICT literacy
framework). For instance, the category Search and Process is described at level 1 as “can read
hypertexts and simpler interactive information ...,” whereas the description at level 2 is “can
make simple digital searches, and read and interpret information from digital sources ...” and
at level 3 continues by stating “‘can choose and use search strategies and assess information
from digital sources ... .” Similarly, levels 4 and 5 describe further ability expectations of
students at these levels. While Browsing, Searching and Filtering Information (1.1) and
Evaluating Information (1.2) are formulated as two separate competences in DIGCOMP, they
are regarded as levels of higher complexity under the content category Search and Process in
the Norwegian curriculum. This indicates that students at higher ICT literacy levels are
expected to manage evaluation of information and use proper search strategies, whereas
students at lower levels are not expected to be able to search for or assess information. These
findings point toward the insufficient structure of the Norwegian framework, which
challenges further comparisons. In particular, one categorisation level corresponding to
competences in DIGCOMP, aspects in CIL, or skillsets in the 21st-century skills framework is
missing (see Table 1), which potentially could bridge the topical content (i.e., labeled as
categories in the framework; see Appendix A) and the ability level descriptors.

Moreover, the five level descriptors in each category in the Norwegian ICT literacy
framework do not correspond with the grades in the Norwegian educational system (i.e., 13
years of compulsory education), and furt