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Abstract—As computer science enters the school curricula in

an increasing number of countries, teachers must prepare to

integrate digital competences into their teaching. This integration

is a moving target where new methods, tools and applications

appear and disappear at such rates that teachers must have

confidence to independently and continuously explore what is

new, what is relevant and how to plan their pedagogic activities

to include digital competences. In this context approaches which

can be used to study self-efficacy in digital competences among

school teachers are desperately needed. With such a tool in place,

we can make a baseline study and then follow teachers over

time to measure changes in their self-efficacy, the cause of these

changes and learn how to build their digital competence self-

efficacy in different ways. The same tool can also be used to

measure the self-efficacy in other populations, e.g., students in

teacher training programs to ensure that they obtain an adequate

self-efficacy in digital competences during their studies.

This paper describes the development of a self-efficacy scale

in digital competences, based on the DigiComp 2.0 framework

definition of digital competence. The tool focuses predominantly

on digital competences relevant for teachers in school years K-9.

I. INTRODUCTION

With the introduction of computing into K-9 curricula a
plethora of research questions arise. One of the most important
of these is how to approach the challenge of scaffolding the
educational activities of a very large body of teachers, ranging
over many subjects and educational levels, who are suddenly
required to introduce and integrate computing skills and digital
competences into their teaching. Concerns have been raised in
many countries about how teachers in different subjects will
be able to acquire relevant knowledge within computing to the
extent required for them to include computing in their teaching
practice. A complicating factor is that computing itself is
a moving target where new methods, tools and applications
appear and disappear at such rates that teachers simply must
gain confidence in their own ability to continuously explore
what is new, what is relevant, and how to plan their pedagogic
activities in ways which meaningfully include digital compe-
tences. What is needed in the future are teachers who can
be independent, confident and equipped with lifelong learning
skills within the area of computing.

Self-efficacy is a key enabler, and influences individual’s
perseverance and resilience in the face of difficulty. A low

self-efficacy is more likely to result in less persistence and
ultimately, failure to deal effectively with the task at hand.
The higher the sense of efficacy, the greater the effort, per-
sistence, and resilience of the individual [11], [23]. These are
factors that are crucial for problem solving in computing, self-
regulated learning, and lifelong learning. There are also studies
indicating that teachers with high self-efficacy positively affect
student learning and building of new competences [14], [19],
[20]. These are arguments to why strong self-efficacy in digital
competences becomes a necessity in order for teachers to
operate within an evolving curriculum that includes computing
and digital competences.

This paper develops and validates a self-efficacy scale for
assessing the digital competence of K-9 teachers. The scale
is based upon the skills and capabilities defined by the digital
competence framework version 2.0 (DigiComp 2.0) which was
developed within the European Commission. This framework
is highly influential and affects how computing and digital
competences are viewed in national K-9 curricula within the
European Union (EU). The DigiComp standard should also
be considered to be relevant to countries outside the EU. The
items included in our scale are directly derived from the key
dimensions of the DigiComp 2.0 framework.

The paper is organized as follows. We begin by presenting
the DigComp framework and how digital competence has
been introduced into the national curricula of four European
countries: England, Estonia, Finland and Sweden. Next we
describe the theory underlying the notion of self-efficacy, and
approaches to assessing it. We then present the methodology
used in developing the instrument as well as the resulting
items. We conclude the paper with a discussion of the scale
and its implications and some ideas for future work.

II. DIGITAL COMPETENCE IN SCHOOLS

As a consequence of the increasing digitalization of our so-
ciety, digital competence has become an important concept in
both general strategy documents and school curricula. The EU
has developed a framework for digital competence (DigComp
2.0) identifying five key competence areas: 1) information
and data literacy, 2) communication and collaboration, 3)
digital content creation, 4) safety and 5) problem solving.
Each competence area is accompanied by 3-6 competences,
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TABLE I
LISTING OF COMPETENCES INCLUDED IN THE EU DIGCOMP 2.0 FRAMEWORK.

Competence area Competence

Information and data literacy
1.1 Browsing, searching and filtering data, information and digital content
1.2 Evaluating data, information and digital content
1.3 Managing data, information and digital content

Communication and collaboration

2.1 Interacting through digital technologies
2.2 Sharing through digital technologies
2.3 Engaging in citizenship through digital technologies
2.4 Collaborating through digital technologies
2.5 Netiquette
2.6 Managing digital identity

Digital content creation

3.1 Developing digital content
3.2 Integrating and re-elaborating digital content
3.3 Copyright and licenses
3.4 Programming

Safety

4.1 Protecting devices
4.2 Protecting personal data and privacy
4.3 Protecting health and well-being
4.4 Protecting the environment

Problem solving

5.1 Solving technical problems
5.2 Identifying needs and technological responses
5.3 Creatively using digital technologies
5.4 Identifying digital competence gaps

describing the skills and knowledge seen as essential for the
component at hand (Table I) [5].

Many countries worldwide have revised or are in the process
of revising their school curricula in order to include for
instance programming and digital citizenship skills [1], [10].
There is no standardized terminology, as terms used include,
for instance, computing, computational thinking, program-
ming, coding and digital competence. In a survey of computing
in basic education in 21 European countries, developing stu-
dents’ digital competence was listed as the main reason for
the curriculum changes by almost all (19/21) countries [1].

We briefly describe the curricula in four European countries:
England, where Computing was introduced as a new subject
in 2014; Estonia, where a specialized program on digital com-
petence has been in place since 2012; Finland, where a new
curriculum for basic education including digital competence
is being implemented in grades 1-9 and Sweden, where the
national curricula recently was revised in order to better meet
the requirements of the digitalized society.

In England, the subject ICT was replaced by Computing in
fall 2014. Computing is comprised of three main parts: digital
literacy, computer science and information technologies. Ac-
cording to the curriculum (REF) the main learning objectives
of tuition in Computing are for students to be able to:

• understand and apply the fundamental principles and con-
cepts of computer science, including abstraction, logic,
algorithms and data representation

• analyse problems in computational terms, and have re-
peated practical experience of writing computer programs
in order to solve such problems

• evaluate and apply information technology, including new
or unfamiliar technologies, analytically to solve problems

• be responsible, competent, confident and creative users
of information and communication technology

Computing education starts in grade 1 (age 5) and England is

one of the few countries that include computer science as a
subject of its own.

In Estonia, the organization HITSA (The Information Tech-
nology Foundation for Education) supports the introduction
and use of ICT in education. According to HITSA [9] the
Estonian national curriculum describes digital competence as
the

ability to cope in the technological world, un-
derstand technology trends and the connections be-
tween technology and other scientific achievements;
to acquire technological literacy for age-appropriate,
creative and innovative use of technology tools,
integrating thinking with manual activities; to anal-
yse opportunities and risks associated with the im-
plementation of technology; to comply with the
requirements for intellectual property protection; to
solve problems by integrating thinking with manual
activities and carry out ideas purposefully; to cope
with household chores and eat healthy.”

The Estonian government has given HITSA the task of
ensuring that all students are given the possibility to acquire
an adequate level of digital competence necessary for both
everyday life and further studies. The ProgeTiger program
has been initiated as a means of supporting this goal in
practice, by designing and offering activities for introducing
three themes (engineering sciences, design and technology,
and information and communications technology) at different
levels of education.

In Finland, digital competence was introduced in the
national curriculum for primary education (grades 1-9) in
2014 and this curriculum is currently being implemented [8].
Digital competence is an interdisciplinary trait throughout all
grades and includes programming as an integrated element,
with particular focus on the subjects mathematics and craft.
The general description states that information technology



should be used systematically in all subjects and grades, while
students should develop their digital competence in four main
areas: they

• learn to understand central concepts and principles for
how digital tools are used and how they work. They are
given the opportunity to develop their digital competence
in practice while creating their own artifacts.

• are guided in using digital tools in a responsible, er-
gonomic and safe manner.

• learn to use digital tools for looking up information as
well as in exploratory and creative work.

• get experience and training in using digital tools for
communicating and building networks.

In 2015, the Swedish government gave the National Agency
for Education the task to revise the current K-12 curricula,
placing a particular focus on digital competence and program-
ming. In April 2017 the suggested revision for grades 1-9 was
approved by the government and it came into force in July
2017, but will not be mandatory until fall 2018. The main goals
were added to the section describing the mission of Swedish
basic education:

School should stimulate students’ creativity, cu-
riosity and self-confidence, as well as the will to
try and implement ideas and solve problems. Stu-
dents should have the opportunity to take initiative
and responsibility as well as develop their skills to
work both independently and together with others.
School should contribute to students development of
an understanding for how the digitalization affects
individuals and the development of our society. All
students should have the opportunity to develop their
skills in using digital technology. They should also
be given the opportunity to develop a critical and
responsible attitude towards digital technology, in
order to appreciate the opportunities and understand
risks of these technologies, as well as equipping
learners to evaluate information. Education should
thus give students the possibility to develop their
digital competence and an entrepreneurial attitude.

Some examples of how this is to be accomplished within
different subjects include:

• integrating programming into the subjects mathematics
and technology, and

• emphasising the role and impact of the increased digi-
talization on our society and our everyday life is in the
teaching of social sciences and religion.

Moreover, smaller additions have been made to other subjects,
such as the introduction of digital technologies in craft, mod-
eling and simulations in science and geographical information
systems (GIS) in geography.

Similar changes can be seen in the curricula of other
countries as well. The new content naturally places new
requirements on teachers, for whom it is no longer sufficient to
know how to use digital tools and technology, as they also need
to understand how technology works as well as the impact it

has on the lives of individuals and the structure and operation
of our society. In addition to being digitally competent as
individuals, teachers also need pedagogical and didactic skills
which equip them to teach digital competences effectively. The
European Framework for the Digital Competence of Educators
(DigCompEdu) aims to identify a specific set of competences
focusing on teachers’ professional activities [24]. This is
closely related to the ISTE Teacher Standards published by
the International Society for Technology in Education (ISTE)
[16].

III. SELF-EFFICACY

Self-efficacy theory is used within several domains con-
cerning education, training or other activities where a person
is to attain a new or develop a higher level of skill. Self-
efficacy is defined as the belief in personal agency, for instance
one’s ability to successfully perform a particular behavior or
task [7]. Bandura discusses self-efficacy in terms of belief
in one’s capabilities to organize and execute the course of
action required to attain a goal [3]. Self-efficacy beliefs exert
a palpable influence on behavior, in particular how long
individuals persevere when confronted with difficult tasks and
how resilient they will be in the face of difficulty or failure.
A low self-efficacy is more likely to result in less persistent
efforts in relation to a task, and may ultimately result in
failure to complete the task at hand. Attainment of a high
sense of self-efficacy is at least as important as possessing the
skills themselves. Studies have shown that a person that lacks
a certain skill still can complete a task requiring that skill
successfully if their self-efficacy regarding the skill is high.
Self-efficacy beliefs are also malleable and affect a person’s
intellectual performance.

Research on teacher self-efficacy indicate a positive corre-
lation between teacher self-efficacy and students’ motivation,
achievements and building of competences [14], [19], [20],
[25]. Teacher self-efficacy also affects students indirectly via
the instructional strategies, planning and a willingness to try
out new material and approaches to teaching a subject [21].
Teacher self-efficacy seems to be a rather strong predictor
for the way teachers shape their teaching practices in order
to foster students’ motivation to learn [20] and relevant in
education as well as other activities where skill development
is processed [18].

The perceived self-efficacy of an individual refers to an
identified strength [11] which is measured by degrees of
certainty that one can perform specific tasks [28]. As a con-
sequence of this, self-efficacy is typically measured directly
by the subject of the study using a self-reporting scale.
Preparation of a self-efficacy scale that properly measures the
behavior in question requires careful design.

A self-efficacy scale consists of a number of statements
(items) that express a personal position in relation to different
skills and competences related to the subject in question.
Respondents are asked to express to what extent they believe
that they could do what is described in the statement based on
their current level of knowledge. Answers are recorded on a



TABLE II
COMPUTED AVERAGE AND DISCRIMINATION INDEX (D-INDEX) FOR ALL RESPONSES IN 74-STATEMENTS SELF-EFFICACY SCALE

Statement Average d-index Statement Average d-index Statement Average d-index

111 6,58 0,13 252 5,52 0,21 424 5,21 0,37
112 6,50 0,16 253 6,02 0,19 425 4,77 0,38
113 5,84 0,27 254 5,55 0,19 426 5,64 0,31
114 6,47 0,17 261 4,27 0,35 431 5,05 0,13
115 6,08 0,23 262 3,93 0,34 432 5,13 0,18
121 5,71 0,23 263 4,29 0,35 433 5,34 0,24
122 5,71 0,23 311 5,95 0,31 441 4,57 0,28
123 5,97 0,25 312 5,83 0,36 442 4,19 0,35
131 6,70 0,13 313 5,68 0,33 443 4,21 0,28
132 6,56 0,18 321 5,64 0,37 511 4,65 0,39
133 6,17 0,21 322 5,76 0,32 512 5,36 0,35
134 5,81 0,28 331 5,66 0,34 513 4,65 0,44
211 4,70 0,36 332 4,97 0,49 514 5,64 0,34
212 4,49 0,31 341 3,72 0,47 515 6,46 0,19
213 5,71 0,31 342 3,55 0,46 521 5,36 0,43
214 5,79 0,32 343 3,24 0,46 522 5,42 0,38
221 6,26 0,24 344 3,50 0,47 523 5,13 0,34
222 6,20 0,28 345 4,32 0,55 531 4,07 0,47
223 5,76 0,31 346 4,19 0,47 532 5,71 0,38
231 5,74 0,34 411 4,21 0,38 533 5,69 0,32
232 6,23 0,30 412 5,64 0,32 541 4,51 0,43
241 5,76 0,44 413 3,76 0,42 542 5,83 0,28
242 5,94 0,33 421 5,11 0,35 543 5,88 0,28
243 6,25 0,26 422 4,93 0,40 544 5,95 0,24
251 6,29 0,22 423 5,39 0,37

Likert scale that in our case ranges from 1 to 7. Statements are
positively-worded and express actions rather than expressing
specific knowledge. In the case of testing whether a person
knows how to turn on a computer, the proper statement in a
self-efficacy scale would be I could turn on a computer rather
than I know how to turn on a computer.

IV. SELF-EFFICACY IN DIGITAL COMPETENCES

As we observed in the previous section, there is an extensive
body of literature on self-efficacy [2], [27], [13]. However, this
literature, while providing a scholarly foundation for our work,
is not sufficiently specific as to be specifically applicable to the
evaluation of self-efficacy in relation to the teaching of digital
competences. Several self-efficacy scales have been developed
for computing skills and sub-areas of digital competence, e.g.
[4], [6], [15], [17], [22], [26]. While relevant, these scales
focus primarily on core computing skills, in contrast to the
broader set of skills that DigiComp identifies.

This work aims to develop a scale that more specifically
targets the needs of teacher training programmes. We focus
on evaluating the self-efficacy of practising teachers in K-9
schools in the context of the computing and digital compe-
tences being added to national school curricula in Europe.
The approach being taken by European national authorities
affects not only teachers in programming and computing, but
also in many other school subjects including mathematics,
technology and craft. As a consequence the self-efficacy scale
in digital competences presented in this paper is based on the
digital competence framework version 2.0 [5], summarized
in Table I. The five main competence areas (Information
and data literacy, Communication and collaboration, Digital
content creation, Safety, and Problem solving) each include 3-

6 competences. For each competence, the framework provides
a set of examples of representative capabilities and skills.

As a first step in deriving a self-efficacy scale, we created
a list of 74 statements to cover the competence areas and
competences specified in DigiComp 2.0. The majority of the
statements were directly inspired by examples provided by
the framework. In addition to the items we extracted from
the framework documents we formulated a small number of
additional statements to provide specific coverage of compe-
tences and knowledge that our prior research and development
work has identified are relevant for K-9 teachers. In doing
so we have drawn on relevant working documents prepared
during the background work associated with national curricula
changes in Sweden and Finland, as well as our extensive
experience of working together with teachers in in-service
training in computational thinking. The goal of this initial
phase was not to arrive at a certain number of statements,
but rather to compile as comprehensive a list of statements as
possible.

The final collection of statements was presented in chrono-
logical order and grouped based on the competence area to
which each statement belonged. We associated a three digit
code with ech statement, where the first digit represents the
competence area, the second digit the specific competence and
the last digit the statement number within that competence.
This means that all statements that share a first digit belong to
the same competence area, while two statements representing
the same competence share the first two digits. This coding
system provides the basis for assessing internal consistency
and correlation between items that might be expected to be
related to one another.

The 74-statement scale was converted into an on-line



TABLE III
THE RESULTING 27 STATEMENTS

Statement I could...

113 ... adapt my searches based on knowledge about how search engines produce results
114 ... use search engines to find a given type of information, for instance images, videos or maps
121 ... determine whether a news being disseminated online is false
132 ... store and organize digital content in a way so I can later find it
133 ... choose a safe and lasting storage place for digital content
211 ... communicate with someone online without exposing my identity
223 ... correctly cite the creator when using or disseminating other people’s material
231 ... find a relevant online meeting place for a specific area of interest
241 ... arrange an online meeting as a replacement for a physical meeting
252 ... respond to hate speech both towards myself and others
262 ... manage and delete my digital traces
312 ... combine tools in order to create digital content
321 ... summarize information from different sources in a representative manner
332 ... choose a suitable creative commons license for material I have created
341 ... write a program that accomplishes a certain task provided I had sufficient time
345 ... plan and design a solution to a problem in the form of step-by-step instructions
346 ... identify when and how programming can be used in different subject areas
411 ... protect digital equipment from undesired access online
421 ... detect when someone is trying to trick me into sharing personal information
425 ... identify web sites that can be used for fraud or other types of unwanted activity
433 ... help prevent online bullying
442 ... estimate the impact of my use of digital equipment on the environment
512 ... find solutions to technical problems by searching online
521 ... adapt and adjust the behavior and functionality of a program through its settings
531 ... construct a product with the support of digital technology
541 ... learn a new programming language on my own
543 ... adapt my ways of working based on new digital tools

questionnaire, where teachers were asked to rate their own
confidence in relation to each of the 74 statements on a scale
of 1 (very uncertain) to 7 (very confident). In addition, we
asked some background questions related to their teaching
background and subjects. The scale was distributed on-line
to teachers and school leaders in Finland and Sweden using a
combination of social media, mailing lists and group commu-
nication tools. The questionnaire was administered in Swedish.
Given that the curriculum content related to digital competence
is rather similar in Sweden and Finland, these two countries
seemed a natural choice for our pilot study. In addition, there
are Swedish speaking teachers in both countries, making it
possible to avoid potential ambiguity arising from a need to
translate the statements into several languages. We provide
English translations of the items in this paper for readability.
In total we received 107 responses, which were used for as the
basis for the subsequent statistical analysis. The respondents
were 81 females and 26 males with a teaching experience
distribution shown in figure 1.

Fig. 1. Distribution of teaching experience among respondents

In phase two we computed item discrimination indexes (d-
index) for all the statements as presented in table II. The d-
index is a value between 0 and 1 where a higher number
indicates that the statement has stronger ability to discriminate
those respondents with a low self-efficacy from those with a
high self-efficacy. The d-index for each question is computed
by subtracting the average score for the bottom 28 participants
from the top 28 participants, followed by a division by 7 to
get a normalized answer in the range [0..1]. The ranking of the
participants is based on their total score on all of the questions.

Using the d-index as input, we identified key statements for
each subtopic. Removal of redundant items, and items with
poor discriminatory power allowed us to reduce the number of
statements included in the scale from 74 to 24. The reduction
of the number of items both increases the internal consistency
of the underlying constructs and enhances the usability of
the scale. Scales with large numbers of items typically suffer
from lower participation and completion rates, a challenge that
in our context has significant implications for the practical
usability of the resulting instrument.

Finally we computed the cross correlation between all
responses in order to identify statements that are strongly and
weakly correlated to each other. Upon closer inspection we
identified 3 statements that had a high discrimination index,
but were just under the threshold used to select items in
phase two. These three statements showed a low correlation
with the statements that had been identified in phase two,
justifying including these statements in the final set. After
this additional analysis we arrived at a final self efficacy scale
comprising 27 statements. These statements are presented in



Fig. 2. Correlation between answers to statements in reduced statements set.

English translation in table III.
The Digicomp 2.0 framework defines 21 competences as

presented in table I. This means that 21 questions would be
the absolute minimum of questions in a test that address all
competences. All of the competences are reflected in the final
27 statements, but five of them are covered by more than one
statement, and one (3.4) is covered by three statements:
1.1 Browsing, searching and filtering data, information and

digital content
1.3 Managing data, information and digital content
3.4 Programming
4.2 Protecting personal data and privacy
5.4 Identifying digital competence gaps

The motivation for adding extra statements for these five
competences is that it is hard to cover the broad meaning of
some of the competence with one single statement. We thus
believe that 27 statements is a reasonable number of statements
for the final test.

As a final check we extracted the statistical analysis of the
pilot data associated with the statements comprising the final
version of the scale. The internal correlation between these
statements, based on the participating teachers’ responses, is
shown in figure 2. Cronbach’s alfa for the scale items is 0,95,
which indicates a high internal consistency in our data set for
the selected statements.

V. DISCUSSION AND FUTURE WORK

A. Significance
The development of a self-efficacy scale for digital com-

petence is an important step in the systematic evaluation of
capacity in the school system to meet the challenges associated
with an increasing focus on digital competence and compu-
tational thinking in the school curriculum at all levels. The

instrument developed in this research supports benchmarking
of current capacity in the school sector, as well as providing a
means to evaluate the impact of in service training of school
teachers. Providing a quantifiable measure of teacher capacity
also contributes to the process of collecting background data
to inform policy makers at the state and national level as they
prepare to meet the challenges associated with the introduction
of new and revised curricula.

Previous research spanning more than 40 years demon-
strates a positive correlation between teacher self-efficacy and
teaching environment, student motivation and achievements.
However, this is not the only advantage to be gained from
improved self-efficacy, since self-efficacy is also shown to
contribute to an overall increase in the well-being of teachers
over time. Simply put, a teacher with a high self-efficacy in
the subject he or she is teaching is more likely persist longer,
provide a better teaching environment and not burn out as
easily [25]. This in combination with introduction of digital
competences over the entire school curricula provides another
compelling reason to develop a tool to monitor self-efficacy
in digital competences among K-9 teachers.

The self-efficacy scale described in this paper can be used
over time to monitor the development of individuals’ capability
and sense of personal agency in regard to the use, integration
and teaching of digital competences in school subjects. It can
be used by individuals to track their own progress, but also
by employers, strategists and policy makers to map needs for
development efforts in certain areas.

B. Reliability

The analysis of the 107 responses collected during the
development of the scale indicates that quite a few of the
respondents had high values in many competence areas. This



results implies that the sample of teachers responding to our
pilot survey may not representative of the teacher population in
general. Our survey distribution approach through social media
groups and mailing lists for school teachers was more likely
to evoke responses from enthusiastic teachers with an interest
in digital competence and computational thinking. This is,
however, not a threat to the validity of our statistical analysis
or method of selecting the items to be included in the final
instrument. The main goal of the online questionnaire was to
collect a sufficient number of responses to make it possible
for us to decrease the number of statements and arrive at a
representative set of statements through statistical analysis.

When looking at responses with a more heterogeneous set
of values (both high and low values), the first competence
area (Information and data literacy) appears to be the one the
respondents, in general, felt most secure with. This can be seen
as an expected and natural result, as collecting, evaluating and
managing data are activities most teachers already engage in.
Others have also arrived at similar findings, for instance when
studying K-9 teachers’ engagement in computational thinking
practices [12].

C. Future work
The next stage in our research is to use the instrument

presented in this paper to evaluate trainee teachers in teacher
training departments, in-service teachers in the context of
professional development activities and in different school
settings in Finland, Sweden and Lithuania. These studies will
commence in the Autumn of 2017 and continue during the
first year of the new curriculum.

We are particularly interested in how our scale can be
applied to studying the development of digital competences
among individuals who are, to some extent, forced to engage
with the development of digital competences, e.g. teachers in
non-technical subjects where digital competences have now
been mandated in the curriculum. In addition, we plan to
investigate the potential of using the instrument as the basis
for creating new versions suited for children. We have also
considered using the scale to monitor digital competences
self-efficacy among, and educational efforts for, seniors who
are placed in situations where they are expected to use new
technologies, and develop the skills and competences needed
to meet the increasing digitalization of society.
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