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Abstract 

The SMILE study presents the results from one of the largest ICT studies in 
secondary school in Norway, of 17,529 students and 2, 524 teachers.  In 
addition, school owners, school leaders, student council and the Norwegian 
Student Organization are represented.  The study focuses on how school 
owners and school leaders exercise leadership and how teachers teach and 
students learn in technology-dense classrooms in the seven counties in the 
Eastern Norway County Network.  It also focuses on how the national 
curriculum (LK06) has changed some of the underlying premises of school 
leadership, teaching and learning in secondary schools.  This has been 
important to explore; as a result of a very good technology density in 
Norwegian classrooms (1:1), students’ digital lifestyle, and the national 
curriculum’s focus on digital tools as the fifth basic skill in all subjects, from 
first to third grade (6-19 year).  The main objective of the study was therefore 
to investigate the implementation of ICT, teachers’ educational use of ICT and 
student learning outcomes when ICT is used, and to develop primary and 
secondary indicators for learning when ICT is used.  The study is based on a 
mixed method design, and this paper has a special focus on teachers’ digital 
competence and the coherence between a theoretical model and empirical 
testing of this model. The results show that there is coherence between the 
theoretical model and the empirical findings.  However, further research is 
needed to validate these preliminary findings. 
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Introduction 
This SMILE-study is carried out on request from The Norwegian Association 
of Local and Regional Authorities (KS) and Eastern Norway County Network 
and presents its results. The SMILE-study is one of the largest ICT studies in 
secondary school in Norway of 17, 529 students and 2, 524 teachers and was 
undertaken in the period 2012-2013 in seven counties in Norwegian upper 
secondary schools.  The study focuses on how school owners and school 
leaders exercise leadership, how teachers teach and students learn in 
technology-dense classrooms in these counties, and on whether the national 
curriculum (LK06) has changed some of the underlying premises of school 
leadership, teaching and learning in upper secondary schools.  This has been 
important to explore because of a very good technology density in Norwegian 
classrooms (1:1), students’ digital lifestyle, and the national curriculum’s 
focus on digital competence as the fifth basic skill in all subjects, from first to 
third grade (6-19 year).  The main objective of this paper is to focus on a part 
of the SMILE-study attached to teachers’ digital competence.  In this part of 
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the project we wanted to test a theoretical model of digital competence 
empirically.  The study is based on a mixed method design, and the research 
question is: What is the relationship between a theoretical model of digital 
competence and empirically findings and how consistent is this relationship? 
 

Conceptual Framework 
A range of studies, both nationally and internationally, show that teachers still 
only to a small extent integrate ICT in their own classroom teaching (ITU 
Monitor, 2009; Bauer & Kenton, 2005), and the National Center for Education 
Statistics (NCES) found that only half of the teachers who had access to PC 
and Internet used this in their teaching  (Judson, 2006).  It seems that one main 
reason for this situation is the lack of necessary digital literacy among 
teachers.  Internationally, a number of important contributions have been made 
to the definition of digital literacy in recent years. Lanham (1995), Gilster 
(1997), Tyner (1998), Knobel (1999), Lankshear and Knobel (2003), and 
Buckingham (2003, 2006) in particular have made contributions to the 
concepts of computer literacy, media literacy, and digital literacy.  Other 
important contributions have focussed more specifically on teachers’ ICT 
competence. Christensen and Knezek’s Will, Skill, Tool (WST) - model is one 
such promising attempt, according to which the teacher’s will (attitude), skill 
level (technology competency), and access to technology tools are vital 
elements when integrating ICT into teaching (Christensen & Knezek, 2008). 
One assumption that is shared by the different positions dealing with digital 
literacy and ICT competence is that teachers’ digital competence is more 
complex than digital literacy in other occupations and among average citizens 
(Hooper & Rieber, 1995; Egeberg et al., 2012).  Krumsvik (2012) suggested a 
model of digital competence model for teachers and pupils developed on the 
basis of empirical research in the Norwegian context in the period 2004-2012, 
which has been used as underpinning for the instruments in this SMILE-study. 
At the same time one has to be aware of that different ICT-policies in different 
countries influence our perception of how to define digital literacy based on its 
attachment to curricula.  So, “(…) Context is not always everything, but it 
colors everything” (Pajares 2006, p. 342) and the Norwegian context will be 
specially considered in this paper. Since the SMILE-study has a special focus 
towards digital competence, we will elaborate this in the following section.   

 
This requires an awareness of this complexity of digital competence, and the 
way in which teachers carry out and experience the pedagogical use of ICT 
will very often depend on their high or low digital competence.  However, 
recent studies indicate some confusion around what actually digital 
competence means for teachers and pupils when it comes to their everyday 
practise. What is digital competence in school contexts and what is digital 
competence in society in general? Is it the same? These are often questions 
raised by teachers in today’s digital era were pupils’ digital lifestyles in their 
spare time merge together with their actions in school. We know from teacher 
education that ICT is often perceived only as a tool that can be handled with 
elementary ICT skills (Tømte, Hovdhaugen, & Solum, 2009). And both in 
teacher education and in school there seem to be a confusion and discrepancy 
between the concepts basic ICT skills (which is similar to OECD’s term key 
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competencies - which means decisive for learning and development and 
attached to the national curricula in school) and elementary ICT skills (which 
means a simple, first step of ICT skills). Ottesen and Møller (2010) found that 
this mismatch is common among teachers in school—especially concerning 
digital skills. There seems to be some of the same confusion among students, 
and in the SMILE-study we have chosen to elaborate this more in depth.   

 
To incorporate the implications this situation and context will have for 
individual teachers’ digital competence, we suggest a definition that describes 
the digital competence of teachers’: “Digital competence is the individual 
teacher proficiency in using ICT in school with good pedagogical judgement 
and his/her awareness of its implications for learning strategies and the digital 
Bildung of students (Krumsvik 2012, p. 466).  This definition is attached to a 
visual model (Figure 1) of teachers’ digital competence. We will elaborate the 
theoretical underpinnings of the model in the section below.  
 
Today there is a need to link macro, meso, and micro levels within our 
understanding of teacher’ digital competence.  Hence, we will reduce the 
complexity in this varied area by focussing on what are considered the most 
important parameters to understand digital competence for teachers.  My 
digital competence model is based on my own and others’ research and 
theories and is an attempt to categorise the most important parameters within 
digital competence for teachers.  Categorising happens with the identification 
of typical traits of phenomena, and two conditions are considered the basis for 
making categories.  These are common traits in objects or phenomena and 
differences to objects or phenomena from contrasting figures (Rosch, 1978). 
The consequence is that we develop prototypes as a kind of compromise, and 
this digital competence model is an attempt at this.  The prototypes are made 
explicit and hence given a label.  The categories “high” and “low” in the 
model belong to what Rosch (1978) calls the “superordinate level,” the 
superior level of the category.  At the “basic level” we find the prototypes we 
perceive as “high” or “low,” often personified in a “competent teacher” or 
“incompetent teacher,” while the more explicit distinctive marks of high and 
low competence belong to the “subordinate level” of the category.  In the 
model we can see that “high” is synonymous with high self-awareness and 
high practical proficiency (localised in the two axes) and the synthesis of the 
four levels in the centre of the model (digital Bildung), that in turn are 
described as the digitally competent teacher.  These thus become Rosch’s 
(1978) “subordinate level,” while the popular descriptions at the subordinate 
level are built based on experiences with digitally competent teachers as 
common traits, and differences from others are identified.   
 
According to Hacking (1999), categories are, like in this model, socially 
constructed, but these kinds of categories also affect practice. The 
establishment of “low digital competence” as a category in which researcher-
identified traits belong can affect how teachers in this category are treated, for 
example, given more resources for further in-service education in digital 
competence. The categories in this model have been developed as descriptions 
of a phenomenon from my own and others’ research of practice, but the 
category also has implications for teachers’ actions, which in turn can 
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challenge the category and inspire adjusted or new categories (Hacking, 1999). 
As Hacking (1999) underlines, categorisation and use of categories are useful 
both in terms of cognition and communication, in institutions, and for setting 
the basis for development of theory.  This digital competence model is 
therefore inspired by a semantic conception of theories (Suppe, 1977, 1989; 
Giere, 1979).  This means that theories are not intended to correspond with 
reality directly. However, semantic conceptions of theories still have their 
origin in practice and can be used to understand practice, as this model is 
intended for.  It can be used as a lens to analyse teachers’ digital competence. 
As a consequence of this, the objective of the theoretical underpinning for this 
digital competence model is not to describe a phenomenon of digital 
competence with all its complexity.  Rather, it was developed to characterise 
digital competence phenomena for teachers’ by means of selected parameters. 
This kind of digital competence model therefore presents abstractions of the 
parameters that are seen as most relevant to understand a phenomenon of 
digital competence in school.  A consequence of selection is that parameters 
descriptive of the phenomenon are not represented in the theory (Kvernbekk, 
2005).  In the development of this kind of model based on a semantic theory 
perspective, I am forced to select out substantially more than I select in. The 
parameters in the model are therefore the building blocks of the underlying 
theory perspective.     
 
 Though this kind of semantic theory perspective that underpins this digital 
competence model is inspired by practice, it still describes more abstract 
systems (Kvernbekk, 2005). Suppe (1977, 1989) points to the contra-factual 
relationship between theory and practice, which means that theory does not 
characterise actual phenomena, but describes what the phenomenon would 
have been if the selected categories were the only ones with influence. The 
solution, according to Kvernbekk (2005), is to be aware of what parameter or 
category is selected and what consequences this has for the validity and the 
underlying theory perspective.  
 
With these premises as a backdrop, I will in the following section describe the 
model in depth.  Particularly important in this model is the intersection 
between a “mental digital competence journey” (self-awareness, vertical axis) 
and a “practical competence journey” (proficiency, horizontal axis). The 
theoretical foundations of this model were inspired by Apple Classroom of 
Tomorrow (ACOT) (Dwyer et al. 1991), distributed cognition (Hutchins, 
1995) and situated learning (Lave & Wenger, 1991).  The essence of the 
model is that cognitive processes are continuously offloaded to digital 
artefacts when we are using computers, and that this kind of learning is 
situated everywhere in today’s digitised society.  In this way, the computer 
becomes an “intellectual prosthesis” for each and every one of us because we 
have access to technology anywhere, at any time. 
 
This “competence journey” begins with the teachers being relatively unaware 
(adoption) of what they can or cannot do in relation to ICT but gradually 
becoming more aware and reaching the different stages of adaptation, 
appropriation, and innovation over time (some teachers can of course be 
placed directly into the model at the appropriation stage, for example, because 
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they already are quite digital competent). This takes time for novices (several 
years) and is a great challenge for teachers; the majority have never been 
taught (in their own teacher education) how to achieve such digital 
competence, and it has not been a natural part of their professional 
development. In addition, even if psychological obstacles such as 
technophobia and scepticism have decreased among teachers the last decade, 
we still find some tendencies of this documented through Egeberg et al. (2012) 
and Krumsvik et al. (2011). However, this seems to be gradually fading away 
as a barrier in teacher education, as in school. 

 

 
Figure 1. Teachers’ digital competence (Krumsvik, 2007; Krumsvik, 2012). 
 
This “mental” part of the model has to go hand in hand with the “practical 
competence journey” (proficiency, horizontal axis), which consists of 
adoption, adaptation, appropriation and innovation. This often becomes the 
explicit part of the tacit knowledge, know-how, and awareness that are 
acquired throughout the “mental competence journey.” In the first part of this 
process (adoption and, to an extent, adaptation, on the horizontal axis), the 
teachers’ are mostly occupied with elementary ICT-skills and basic ICT skills 
and overcoming the obstacles that have previously prevented them from 
handling ICT artefacts.  At this stage, ICT artefacts are not immediately 
comprehensible to the teacher, and the importance of overcoming this stage is 
obvious.  Even if this stage presents a struggle for many teachers, in 
comparison with 10 years ago, these technological thresholds are considerably 
lower. This is a result of more user-friendly technology, decreased 
technophobia, and the more frequent use by teachers (like other citizens) of 
ICT outside of schools in their spare time. In the SMILE-study we found that 
32.6% of the teachers (N=2,524) had a screen time (use of laptops, IPAD’s, 
PC, Mobilephone, TV, etc.) of 4-6 hours and 27.2% had 6-10 hours per day. 
This indicates that teachers’ usage is considerably higher than for few years 
ago, and that they are handling their elementary ICT-skills in a good way. 
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Therefore, the first significant obstacle occurs during the appropriation phase 
(third phase, horizontal axis).  This particular phase presumes that the teacher 
has solid basic ICT skills as a premise for “recognising” the value of the 
“invisibility” of ICT in subjects. According to Lave and Wenger (1991), 

 
Invisibility of mediating technologies is necessary for allowing focus 
on, and thus supporting visibility of, the subject matter. Conversely, 
visibility of the significance of the technology is necessary for 
allowing its unproblematic – invisible – use. (p. 103)  

 
This can be related to Kirschner, Martens, and Strijbos’ (2004) concept of real 
affordance, which means that teachers are able to recognize and utilize the 
technology’s potential in an optimal way in teaching, while perceived 
affordances is often related to teachers’ inability to recognize and utilize the 
technology’s potential in teaching.  The pedagogic implications of this are that 
the teachers have reached the stage of recognizing the real affordances and are 
permitted to use their professional competence and authority in a way that is 
not interrupted by technical obstacles or form over content.  Some case studies 
have shown that when teachers in school reach the point where ICT is clearly 
understandable to them, they more easily recognise the potential to acquire a 
broader view of knowledge (Krumsvik, 2006a, b; 2008a, b).  
 
Until now, I have focussed on the two axes of the model—the vertical axis, 
which is tied to teachers’ self-awareness, and the horizontal axis, which relates 
to teachers’ proficiency.  Focusing on the centre of the model, we can see that 
teachers distinguish themselves from other technology users by their focus on 
the pedagogical use of ICT for education and instruction rather than 
entertainment, social communication, etc.  In relation to teachers’ 
qualifications, didactic ICT competence (related to the pedagogical use of 
ICT, in the middle of the model) stands in the centre.  The crux of this is that 
the teachers have to possess a double dimension as an important part of this 
didactic ICT competence in teacher education.  This means that teachers will, 
in one way or another, be role models for the students with regard to the 
didactic and pedagogical use of ICT.  To “teach as they preach” will be an 
important guiding star for the students.   At the same time, the teachers must 
continually make didactic judgements that focus on how ICT can expand the 
learning possibilities for students.  This double dimension involves didactic 
ICT competence, which is similar to other occupations, but distinguishes itself 
because teachers are preparing students for both a certification in school 
(summative assessment, exams) and a future practice in the society. 
 
The next part of teachers’ digital competence is the focus on the digital 
learning strategies that are required for their own professional development as 
teachers, as well as for being able to guide the students towards achieving new 
learning strategies through the use of ICT.  The point here is that the teachers 
have the necessary digital competence to guide and to be a mentor for the 
students in the physical classroom as well as in the virtual classrooms.  This 
implies that the teachers must utilise the students’ basic digital skills as a 
starting point, but must also maintain a strong focus on the metacognitive 
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aspect, which enables students to delve deeper into the pedagogical use of ICT 
as an entry point for developing new learning strategies.  
 
The final part of teachers’ digital competence is linked to ethical 
considerations with regard to the use of ICT and digital Bildung.  For today’s 
upper secondary students in Norway (the majority are between 16 and 19 
years old), the network society, the media, and technology are important 
building blocks in their Bildung journey, as they are digital inhabitants.  This, 
of course, has an impact on how schools should meet and utilise this new 
reality positively, even if many teachers are digital immigrants and have 
witnessed the difficulties of weaving technology constructively into their 
teaching.  In many ways, the context of school has changed radically over the 
last decade, but at the same time, we can see that teachers all over the world 
are fumbling in their response to this development, remaining static and 
protected against technology, even if the students are surrounded by 
technology in their leisure time.  School leaders and teachers should therefore 
utilise this situation positively in regard to the pedagogical use of ICT, but at 
the same time, should establish debates and reflections on the ethical pitfalls 
of the use of technology.  Such ethical considerations, pitfalls, and dilemmas 
include for example how students’ digital lifestyles affect how they 
communicate with each other (face-to-face versus virtual communication), 
how we can use social media positively in school and at the same time be 
aware of the ethical pitfalls among pupils (e.g., digital bullying, etc.), and how 
ethical dilemmas attached to assessment (e.g., “cut and paste”) can be tackled 
before they become a problem for certain pupils.  
 
To conclude, the model (Figure 1) is grounded on a semantic conception of 
theories that imply that it cannot correspond directly with the reality (practice), 
but it is inspired by practice and aims to understand digital competence in 
school on an abstract level.  
 

Methodology 
The SMILE-study is based on mixed methods research. The study used both 
qualitative and quantitative data as basis for data collection and analyses. 
Qualitative and quantitative data were collected in sequences, and it was an 
important goal to give equal emphasis to both types of data and combine them 
in the analyses.  In this paper we only present quantitative data since the focus 
and the research question is directed towards the development of a digital 
literacy scale.  
 
The sample was based on purposeful selection (Maxwell, 2005) and data from 
the survey among all teachers from all public high schools in the seven 
counties in Eastern Norway County Network (N=2,524) for teacher sample.  

 
Analyses 

The quantitative part of the research questions aims to investigate whether 
there is a relation between a theoretical model of teachers’ digital competence 
and the empirical findings.  The statistical analyses were carried out in this 
way.  Six of the questions measuring different types of digital competence 
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were factor analysed to reveal possible common factors for a digital 
competence index.  An exploratory factor analysis was chosen, as it was a 
newly developed scale.  The questions in the index were then analysed for 
their internal consistency by means of Cronbach’s alpha.  To interpret effect 
sizes Cohen’s guidelines were used.  A correlations coefficient of .10 is 
considered to represent a small correlation whereas a correlation of .30 is 
considered medium and correlations above .50 as large (Cohen 1964).  To 
analyse whether the teachers’ age, work experience, screen- time or ICT-
education could predict digital competence regression analyses were 
completed. All statistical analyses were conducted in SPSS version 20. 
 

Results 
The factor analysis was conducted with an oblimin rotation, as this allows the 
factors to be correlated (Russell 2002). The six questions came out as one 
factor explaining over 60 percent of the variance. The digital index includes 
how teachers perceive own digital competence, elementary ICT skills, basic 
ICT skills, subject related ICT skills, digital learning strategies and their 
overall digital competence.  Together the index represent a mean of these five 
types of skills on a scale ranging from 1 to 7 where 1= no skills and 7= very 
good skills.  A Cronbach’s alpha value of .86 indicates that internal 
consistency of the digital competence index is high.  Table 1 gives an 
overview over mean scores and standard deviation for digital competence 
related to gender, work- experience and the teachers’ age.  As can be seen, 
women have a higher mean score of digital competence than men.  Teachers 
with over 15 years of work experience have the lowest mean score of digital 
competence. Digital competence drops for teachers 49 years and older.  

Table 1 
Teachers’ Digital Competence, Gender, Work Experience And Age 

 Digital  Competence 

 Mean Standard Deviation 
Gender* 

Men 5.0 0.93 
Women 5.2 0.83 

Work experience* 
3 years or shorter 5.1 0.77 
3-7 years 5.2 0.82 
7-15 years 5.3 0.87 
15 år or more 5.0 0.93 

Age* 
20-31 years 5.3 0.79 
32-37 years 5.3 0.76 
38-43 years 5.3 0.79 
44-49 years 5.3 0.82 
50-55 years 5.2 0.86 
56-61 years 5.0 0.88 
Over 61 years 4.8 0.91 

 Note.* p< .00. 
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In Table 2 we see that teachers’ formal ICT-education impacts their level of 
digital competence.  Teachers with the longest formal ICT-education are those 
with the highest level of digital competence. 
 
Table 2  

Teachers’ Digital Competence and Type of ICT Education 

Digital Competence 

 Mean Standard Deviation 
Formal ICT-education* 

No formal ICT-education 5.0 0.85 
Inntil 5 vekttall/15 studiepoeng 5.3 0.81 
5-10 vekttall/15-30 studiepoeng 5.4 0.84 
10-20 vekttall/30-60 studiepoeng 5.7 0.79 

Etterutdanning in ICT* 
Yes 5.4 0.85 
No 5.0 0.86 

   Note.* p< .00. 

 
In Table 3, we see how the digital competence varies with teachers’ screen-
time.  Teachers with low screen-time are those with the lowest digital 
competence. The digital competence rises with a rise in screen-time. However, 
the digital competence does not rise among teachers with a screen-time 
between 10-12 hours day.  

Table 3 

Teachers’ Screen-Time and Digital Competence 

Digital  competence 
Screen-Time* Mean Standard Deviation 

0-2 hours 4.6 1.09 
2-4 hours 4.9 0.86 
4-6 hours 5.1 0.78 
6-8 hours 5.3 0.80 

 8-10 hours 5.5 0.82 
10-12 hours 5.7 0.81 
12-14 hours 5.6 0.77 
14-16 hours 5.3 1.30 

Over 16 hours 5.5 1.09 
  Note.* p< .00.  

In the regression analysis in Table 4 we find that screen-time and formal ICT- 
education are the two variables that most explain teachers’ digital competence, 
statistically.  Age is number three and is negative; meaning that rise in age 
reduces the digital competence when the other variables are controlled for. 
Teachers with in-service ICT- education have higher digital competence when 
all others variables are controlled for.   
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Table 4 
Regression Analyses of Teachers’ Digital Competence 

 
Variable 

Digital competence 
B Beta 

Age -0.08* -0.16 
Work experience -0.02 -0.03 
Screen-time 0.14* 0.22 
Formal ICT-education 0.18* 0.21 
Etterutdanning i ICT 0.27* 0.13 
R² 0.174 
 
 

Conclusion 
The main objective of this paper was to focus on a part of the SMILE-study 
attached to teachers’ digital competence.  In this part of the project we wanted 
to test a theoretical model of digital competence empirically. The research 
question in this paper was: What is the relationship between a theoretical 
model of digital competence and empirically findings and how consistent is 
this relationship?  The factor analysis was conducted with an oblimin rotation, 
as this allows the factors to be correlated (Russell 2002).  The six questions 
came out as one factor explaining over 60 percent of the variance. The digital 
index includes how teachers perceive own digital competence, elementary ICT 
skills, basic ICT skills, subject related ICT skills, digital learning strategies 
and their overall digital competence.  Together the index represent a mean of 
these five types of skills on a scale ranging from 1 to 7 where 1= no skills and 
7= very good skills.  A Cronbach’s alpha value of .86 indicates that internal 
consistency of the digital competence index is high. This shows that there is 
coherence between the theoretical model and the empirical findings. However, 
further research is needed to validate these preliminary findings.  
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