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The Contribution of Pupil, Classroom and School Level Characteristics to Primary School Pupils’ ICT
Competences: A Performance-based Approach

Abstract: The central aim of this study was to investigate which pupil, classroom and school level
characteristics are related to primary school pupils’ actual ICT competences. A sample of 378 pupils
in 58 schools in Flanders (the Dutch speaking part of Belgium) completed a performance-based ICT
competence test in order to measure their actual proficiency in retrieving and processing digital
information, and in communicating through a computer. To gather information on the factors at
each different level, questionnaires were administered to the pupils, their parents (n=378), their
teachers (n=83) and the ICT coordinators (n=58) of the schools. Pupils on average have a low to
medium score on the developed ICT competence test. The results of a hierarchical regression analysis
with multilevel design show that the differences in ICT competences can be mainly attributed to
differences in pupil level characteristics. The results indicate that especially non-ICT related pupil
characteristics are associated with differences in primary school pupils’ ICT competences, such as
introjected regulation, controlling learning style, analytic intelligence, sex and socioeconomic status.
Furthermore, the final model also indicates that parental ICT attitudes are related to primary school
pupils’ ICT competences. With regard to the classroom level characteristics, educational use of ICT as
an information tool is significantly related to pupils’ ICT competences.

1. Introduction

Within the context of 21*' century skills and our information society, the importance of being digitally
competent is reflected in international and national policies for educational ICT use (European
Commission, 2007; ISTE, 2007; Kozma, 2008). These policies for educational ICT use have introduced
ICT competences in national and school curricula (Authors, 2013), i.e., the integration of ICT
competences in educational curricula or the development of ICT curricula has formalized the status
of ICT competences as educational outcomes. In this regard, Thomas and Knezek (2008) state that
ICT competence standards and attainment targets define the achievement expectations for students,
and as a consequence ICT competences are considered as educational outcomes.

Educational effectiveness research has shown that pupils’ educational outcomes are multilevel in
nature (Creemers & Kyriakides, 2008), i.e., differences in pupils’ educational outcomes are attributed
to factors at different levels, including the pupil, the classroom and the school level. However, with
regard to ICT competences as educational outcomes, few studies have taken into account this
multilevel aspect. In other words, very few studies have explicitly investigated whether the teacher
or the school matters in the development of pupils’ ICT competences. Claro et al. (2012) state that
besides elaborating on the traditionally used pupil level factors, such as SES, computer access, daily
use and confidence in performing ICT-related activities, future research should also focus on the
impact of pupils’ basic cognitive skills or teachers’ particular pedagogical practices that might foster
ICT competences.



The purpose of this study is to investigate the degree to which certain factors at the pupil, classroom
and school level can explain differences in primary school pupils’ ICT competences. As such, we aim
to discover whether the teachers and schools play an important part in developing pupils’ ICT
competences. In order to measure primary school pupils’ actual ICT competences — the dependent
variable of this study - a performance-based digital test was used. As such, this study tackles the
problem of self-reported bias that indirect measures of ICT competence or ICT self-efficacy suffer
from. The pupil, classroom and school level characteristics that make up the independent variables of
this study were drawn from the Extensive Digital Competence (EDC)-model (Authors, 2014).
Measurements of ICT competences mostly target students from secondary and higher education
(Meelissen, 2008). Moreover, research in terms of national and international curricula for early
childhood and primary education indicates that ICT competences should already be taught at an
early age. As such, the focus of this study is on primary school pupils’ ICT competences.

2. Theoretical framework
2.1 ICT competences

In his analysis of literacies for the digital age, Martin (2006) explains that the concept of ICT literacy —
and the accompanied perception of ICT competences - has gone through a three-stage evolution of
mastery, application and reflection.

In the mastery phase (until the mid-1980s) ICT literacy was perceived as knowledge of how the
computer works (computer science) and skills on how to master and program it. ICT or computer
literacy emphasized learning about information technology rather than learning with or through
computers (Carleer, 1984). Tannenbaum and Rahn (1984) expressed this as having a fundamental
understanding of the components of the machine, of its history, of the principal application, and as
acquiring hands-on skill in programming language.

As operating systems and software applications became more user friendly and products of mass
usage, ICT literacy shifted into a more application oriented phase (until the late 1990s). Rather than
on specialist knowledge, ICT literacy focused on practical basic competences to apply common
software in education, work, leisure and home (Martin, 2006). Here it should be noted that skills
incorporated in both the mastery and application stage have a technical-procedural dimension. In
this context, Hakkarainen et al. (2000) combine the elements of both phases and describe technical
ICT skills as students’ mastery skills of ICT applications ranging from file management and text
processing to authoring tools and programming.

In the third and now dominant reflective phase, the focus of ICT literacy has shifted from basic skills
and use of applications to a more evaluative and critical use of computers. The acquisition of basic
ICT knowledge and skills is considered insufficient in terms of coping with the changes in our ever
evolving contemporary society (Voogt, 2008). For instance, retrieving data from the Internet not only
requires knowledge of search engines, but it also requires the ability to distinguish between relevant
and irrelevant data (Eshet, 2002). From this perspective, ICT competences can be situated in the 21°*
century skills movement. Rather than mastering basic ICT skills, ICT competence concerns problem



solving, information processing, critical thinking, and creative and innovative ICT use (European
Commission, 2007). For example, ISTE’s National Educational Technology Standards for Students are
organized into the following six categories: 1) Creativity and Innovation; 2) Communication and
Collaboration; 3) Research and Information Fluency; 4) Critical Thinking, Problem Solving, and
Decision Making; 5) Digital Citizenship; and 6) Technology Operations and Concepts (ISTE, 2007).
According to Markauskaite (2007), ICT literacy refers to the interactive use of 1) general cognitive
capabilities, and 2) technical capabilities in order to successfully complete cognitive information and
ICT-based tasks. Definitions of ICT literacy in general cover both sets of capabilities in different areas
of problem solving and other generic activities, such as the ability to use technology and
communication tools to identify, access, manage, integrate, evaluate and create information, such
that individuals can function proficiently in our knowledge society (ETS, 2002; European Commission,
2007). Furthermore, Markauskaite’s (2007) description of ICT literacy is strongly related to the notion
that the mastery and application phases are subordinate to the reflective phase (Martin, 2006) i.e.,
the technical and application oriented skills need to be mastered in order to come to the more
critical, higher-order ICT competences. Within the context of the reflective phase, this study
perceives ICT competence as a multilayered and complex construct. An ICT competence refers to a
higher-order learning-process oriented competence used in complex, authentic and unpredictable
situations, and is underpinned by technical and application ICT knowledge and skills (Authors, 2013).

Research on the assessment of ICT competences can be divided into studies using self-reported
measures of ICT competence or ICT self-efficacy (indirect measurement) and studies using an
observation or performance-based approach (direct measurement) (Litt, 2013). The literature
indicates that most of the research is directed towards self-reported measures of ICT competences
or ICT self-efficacy. However, such indirect measures can suffer from validity problems as their
results are based on pupils’ own judgment and expectations of successfully performing computer
and internet related tasks (Hargittai, 2005; Meelissen, 2008; Merritt, Smith, & Di Renzo, 2005). As
self-report data do not always accurately reflect pupils’ actual ICT competences, conclusions drawn
from such studies can be misleading. On the other hand, direct measurement methods gather data
on pupils’ actual performance by analyzing observable, performance-based data, such as simulation-
based tasks or portfolios (Messick, 1994). Such tasks are more authentic and therefore considered as
more valid (Wirth, 2008). In order to tackle the validity problem of self-report bias, this study used a
direct measure to assess primary school pupils’ actual ICT competences. This direct measure is based
on an analysis of pupils’ performance on simulation-based hands-on tasks with a computer (Authors,
2014).

2.2 Digital information processing and communication

In order to measure the complexity of an ICT competence in a direct and valid way, a performance-
based test with authentic tasks was used in this study. Details on the development and validation of
the test can be found in Authors (2014). Because the administration of a performance-based test
takes time, it was not feasible to measure all of the competences included in the broad construct of
ICT competence. For example, the construct of ICT competence not only refers to the ability to
locate, manage or process digital information, but also refers to more creative and expressive forms
of digital media production and social online activities (Ito et al., 2009). Digital information



processing and digital communication were chosen as ICT competences to be measured because
these are identified as two essential reoccurring themes in national and international ICT frameworks
and curricula (Voogt & Roblin, 2012).

A literature review was conducted to identify the higher-order competences that make up both of
these themes (AASL, 1998; ACRL, 2000; Ananiadou & Claro, 2009; Brand-Gruwel, Wopereis, &
Vermetten, 2005; Eisenberg & Johnson, 2002; Eisenberg, 2005; ETS, 2002; Fraillon & Ainley, 2010;
ISTE, 2007; Kuiper, 2007; Madden, Ford, Miller, & Levy, 2006; NCREL, 2003; Puustinen & Rouet, 2009;
Savolainen, 2002; Somerville, Smith, & Macklin, 2008; Tsai & Tsai 2003; Tsai, 2009). With regard to
digital information processing, the higher-order competences in this study concern getting access to
digital information, transforming digital information and creating digital information. The higher-
order competences for digital communication refer to communicating in a socially acceptable way,
communicating in an understandable way and the dissemination of information by the use of
computers. An overview of the higher-order competences and the related technical and application
oriented ICT skills can be found in Appendix a.

2.3 Factors related to ICT competences: the EDC-model

As mentioned in the introduction, few studies have looked at ICT competences from more than just
one level. Zhong (2011) investigated whether the ICT penetration rate of a country and its
educational expenditure (context level), the school type and ICT access at school (school level); and
the gender, socioeconomic status, previous ICT experience and ICT access at the pupil’s home (pupil
level) were related to the self-reported digital skills of secondary school students. Sackes, Trundle
and Bell (2011) found that computer access at school and gender are positively related to the
development of young children’s computer skills, whereas SES and computer access at home are not.
Furthermore, early research of Compeau and Higgins (1995) and Fagan, Neill and Wooldridge (2003)
indicates that factors at the meso level — such as organizational support — can be related to self-
perceived computer skills or computer self-efficacy. Although all these studies have great value for
the initial identification of factors at different levels related to ICT competences, the majority is
conducted using indirect measures of ICT competence.

Similar to the limited number of studies investigating factors related to ICT competences from a
multilevel perspective, almost no models exist that indicate which factors at different levels (e.g.,
pupil, classroom and school level) are related to pupils’ ICT competences. In order to cope with this
problem and to study pupils’ ICT competences from different levels, Authors (submitted) developed
the Extensive Digital Competence (EDC) model (see Figure 1).

This conceptual model consists of pupil, classroom and school level factors that are expected to
relate to primary school pupils’ ICT competences. Pupils’ ICT competences are considered as the
output or dependent variable of the model and refer to the integrated unit of 1) higher-order
communication and information processing skills and knowledge; and 2) technical and application ICT
knowledge and skills. Within the framework, the output variable of ICT competence is considered as
an actual measure as well as a self-reported measure such as ICT-self-efficacy. In this study, only the
actual measure of ICT competence is considered as dependent variable. The pupil, classroom and
school level characteristics that make up the independent variables of the model are categorized into



six clusters: ICT-related school characteristics; ICT-related classroom characteristics; ICT-related pupil
characteristics, ICT-oriented home situation characteristics, sociocultural and economic
characteristics and general educational pupil characteristics. We will elaborate on the different
characteristics of the EDC-model in section 4.2. Instruments.

[Please insert Figure 1 here]

Figure 1: The EDC-model

3. Research objective

The aim of this study is to investigate the degree to which differences in primary school pupils’ actual
ICT competences can be attributed to differences in certain characteristics at the school, classroom
and pupil level. These characteristics make up the independent variables of this study and are based
on the EDC-model of Authors (submitted). Primary school pupils’ actual ICT competences were
measured using the performance-based ICT competence scale of Authors (2014). This study
elaborates on earlier research on factors related to ICT competences by using a direct and
standardized measure of ICT competence as well as a multilevel approach for the identification of
possibly related factors.

4. Method
4.1 Sample

In order to measure the level of primary school pupils’ ICT competences, the performance-based test
was administered to a representative sample of 378 sixth graders from 83 classes in 58 schools in
Flanders, the Dutch speaking part of Belgium. In order to guarantee school representativeness to the
total Flemish school population, a stratified sample design was used. The total Flemish school
population was explicitly stratified for school size (small school < 180 pupils; large school 2180 pupils)
and educational network (subsidized public-authority education, subsidized private-authority
education and official public education). Further, the schools were implicitly stratified for province
(five provinces in Flanders). Based on the two explicit stratification factors, a 2 x 3 —matrix of six
school subpopulations (strata) was created. In each stratum, the schools were sorted according to
province. From the different strata, the schools were randomly selected. Finally, pupils were
randomly selected in each school, with an average of 6.52 pupils/school. Of the pupils, 50.0% were
male and 50.0 % were female. Ages ranged from 10.79 to 13.85 years old (M=12.06, SD=0.46).

In order to investigate the effect of the factors at the pupil, classroom and school level, surveys were
administered to the pupils that conducted the performance-based test (n=378), their parents
(n=378), their sixth grade teacher (n=83) and the ICT coordinator (n=58) of their school. Of the
teachers, 31.3% were male and 68.7% were female. Teaching experience ranged from 2 to 38 years
(M=18.15 SD=10.33). Of the ICT coordinators, 78.2% were male and 21.8% were female.



4.2 Instruments
4.2.1 Dependent variable

As mentioned above, this study focuses on ICT competence as the use of a computer to process and
communicate digital information. To measure the dependent variable in a direct way, the ICT
competence scale of Authors (2014), based on the EDC-model, was used. The 27 items of this scale
focus on higher-order learning-processing ICT competences as well the underlying technical and
application ICT skills that pupils need to process digital information and to communicate in a digital
way. All items are performance-based in nature and integrated in a simulation-based computer
environment. This means that pupils need to demonstrate their ICT competence by actually
interacting with computer applications and software.

Figure 2 shows the interface of a task in which pupils were asked to ask their teacher for information
via e-mail. All items of the ICT competence scale have a binary answer-format depending on the
pupils answering the items correctly or incorrectly. An extensive outline of the development of the
software and the Item Response Theory analysis for the validation of the scale can be found in
Authors (2014). The items can be found in appendix A. Some items are listed more than once as they
were measured through different tasks in the test.

[Please insert Figure 2 here]

Figure 2: General task interface of the performance-based ICT competence test

4.2.2 Independent variables

The independent variables of this study refer to the pupil, classroom and school level characteristics
of the EDC-model.

ICT related pupil characteristics refer to the degree to which pupils value the use of ICT outside the
school. The following two factors were included in this study:

- “ICT experience’ is defined as the weekly time spent on a computer/internet outside the
school. In the EDC-model this is operationalized as the number of hours per week that
children use a computer and the Internet at home.

- The ‘pupils’ ICT attitude’ (5 items) scale of Authors (submitted) measures the degree to which
pupils perceive 1) themselves as personally interested and confident computer users; and 2)
the use of computers as useful.

In the category ICT oriented home situation characteristics, factors refer to parental investments that
can have an impact on the child’s ICT competences. The following three characteristics are integrated
in the EDC model:

- The ‘parental ICT support’ scales of Authors (submitted) measure the degree to which
parents try to control and socialize their child’s ICT use. The first scale ‘active ICT support’ (13
items) measures the degree to which parents provide assistance by doing ICT activities
together with their child as well as communicate with their child about ICT use. The second



scale ‘ICT rules’ (5 items) assesses the degree to which parents impose rules to their children
about their ICT use and discuss them. Both scales are based on the work of Valcke, Bonte, De
Wever and Rots (2010) about Internet parenting styles.

- ‘Parental ICT attitude’ is defined as the parents’ beliefs about the general importance and
usefulness of being able to work with a computer. The ‘parental ICT attitude’ (5 items) scale
of Authors (submitted) measures the degree to which parents believe that the development
of ICT competences is useful for their child and will result in educational, social and economic
profits.

- “ICT availability’ refers to the opportunities that parents create for their children to develop
ICT competences by providing them with the necessary technological infrastructure. In the
EDC-model, and in this study, this is operationalized as having no internet access at home,
having internet access only through a computer that is shared by all family members, having
internet access only through a private computer, and having internet access through both a
private and shared computer.

The general educational pupil characteristics are derived from a more psychological point of view.
They refer to non-ICT-related psychological-educational pupil background characteristics that can
have an influence on pupils’ outcomes, such as ICT competences. A distinction is made between the
following three characteristics:

- Learning motivation was measured using the four adapted self-determination theory-scales
of Vandevelde, Van Keer and Rosseel (2013). The items of the four scales represent the
constructs of extrinsic regulation (3 items), introjected regulation (4 items), identified
regulation (4 items) and intrinsic motivation (4 items). These were adapted from the
academic self-regulation scale (Ryan & Connell, 1989; Vansteenkiste, Sierens, Soenens,
Luyckx & Lens, 2009) and validated by Vandevelde et al. (2013) for their use in primary
education. Authors (submitted) adapted the amotivation (4 items) scale of the Academic
Motivation Scale of Vallerand et al. (1992) as a fifth construct for its use in primary
education.

- The learning style scales of Authors (submitted) were adapted from the learning by reading
strategy scales of the PISA 2009 student background questionnaire (Schleicher, Zimmer,
Evans, & Clements, 2009). The scales include ‘control’ (3 items), ‘memorization’ (3 items),
and ‘elaboration’ (3 items) as three ways of learning. The control scale measures the degree
in which students report whether they learn by planning, monitoring and regulating their
learning process. The memorization scale assesses the extent to which pupils indicate
whether they learn by repeating the learning material and learning key words. The
elaboration scale measures the degree to which pupils report whether they learn by
connecting the learning subject to related areas of thinking or by finding alternative solutions
(OECD, 2004).

- Analytic intelligence refers to a pupil’s ability to deal with novelty and to adapt their thinking
to a new cognitive problem without relying on declarative knowledge derived from schooling
or previous experience (Carpenter, Just, & Shell, 1990). In the EDC-model, analytic
intelligence is perceived as a measure of aptitude and assessed with the non-verbal Raven
Standard Progressive Matrices Test (60 binary items) (Raven, Raven, & Court, 2003).



The EDC-model includes the sociocultural and economic characteristics sex, age and socioeconomic
status. SES was coded as the highest educational level of the mother. A distinction was made
between having no primary education diploma, having a primary education diploma, having a lower
secondary education diploma, having a higher secondary education diploma, and having a college or
university degree.

ICT related classroom characteristics can be divided in two types. The first set of characteristics refers
to the teacher’s own ICT knowledge, skills, attitudes and the degree in which he takes initiative in
developing them. The second set of characteristics focuses on the conditions that the teacher creates
in the classroom in order for pupils to develop ICT competences.

- The ‘Teachers’ ICT competencies (5 items) scale of Authors (2010a) was used in this study.
The items express the degree to which teachers consider themselves technical,
organizational and pedagogically-didactically competent for integrating ICT into the
classroom.

- The ‘Teacher’s ICT attitude’ (5 items) scale of Authors (submitted) is similar to the parental
ICT attitude scale. As such, these items measure the degree to which teachers believe that
the development of ICT competences will result in educational, social and economic profits
for pupils.

- ‘Teachers’ ICT professional development’ (4 items) is defined as the initiatives that teachers
take in order to improve their ICT competences and the integration of ICT in education
(Authors, 2010a).

- ‘Logistic appropriateness’ was measured using the ICT -infrastructure (4 items) scale of
Authors (2010a). This scale measures the degree to which teachers are pleased and satisfied
with the ICT equipment available in the class and in the school.

- ‘ICT use’ refers to the way in which pupils use ICT in the classroom. Authors (2010a) revised
the ‘computer use in primary education’ scales of Authors (2007). The scales make a
distinction between three types of ICT use in the classroom (i.e., the use of ICT as an
information tool, the use of ICT as a learning tool and the use of basic ICT skills).

- “ICT experience’ as an ICT-related classroom characteristic refers to the number of lessons in
which children are given the opportunity to work with a computer in the classroom.

ICT-related school characteristics refer to organizational factors that could affect the teaching and
learning of ICT competences at school. Four ICT-related school factors are included in the EDC-model:

- The ‘roles of the ICT coordinator’ (19 items) scales of Authors (2010b), refer to the tasks that
the ICT coordinator can fulfill in a school. A distinction is made between the ICT coordinator
as a planner, budgeter, educationalist and technician.

- The ‘school’s ICT vision and policy’ (7 items) scale of Authors (2010a) was used to measure
the degree to which the school has 1) a clear vision on the place of ICT in education; and 2) a
policy and policy plan with regard to ICT integration.

- ICT support’ at the school level is defined as the degree to which technical and pedagogical
ICT support, and ICT coordination are arranged at the school. The ICT support and
coordination (7 items) scale of Authors (2010a) were used in this study.

- ICT infrastructure’ is operationalized as the ratio between the total number of computers
available to the pupils at the school and the number of pupils at the school.



4.3 Analytic approach

The pupils of the sample (level 1) are nested in classes (level 2), which are in turn nested within
schools (level 3). In order to take this hierarchical structure of nested variables into account,
multilevel modeling in which the dependent variable is allowed to vary at three levels - i.e., the pupil,
classroom and school level - would be advised. However, the level 2 sample size (of maximum three
teachers per school) is too small and would produce inaccurate estimates and standard errors.
Consequently, it was decided to use a two-level design (pupil and classroom level) to investigate the
effects of the different characteristics of the EDC-model. The average sample size was 4.55 students
per classroom (with a minimum of 1 and a maximum of 12 students/classroom).

Considering the EDC-model, eight models are tested in this study. First, an unconditional null model
(model 1) was tested in order to investigate whether a multilevel approach is advisable compared to
a single level linear regression. Following this, ICT related pupil characteristics (model 2), ICT oriented
home situation characteristics (model 3), general educational pupil characteristics (model 4),
sociocultural and economic characteristics (model 5), ICT related classroom characteristics (model 6)
and ICT related school characteristics (model 7) were added to the following six models. Finally, the
pupil level factor ICT self-efficacy was added to the final model (model 8). This was considered
necessary as previous research indicates that ICT self-efficacy is positively related to ICT use and
performance (Barbeite & Weiss, 2004; Torkzadeh, Chang, & Demirhan, 2006). Nevertheless, this was
done in a separate model because ICT-self efficacy is considered as an indirect measure of ICT
competence and as a dependent variable within the EDC-model. The ICT-self-efficacy scale (18 items)
of Authors (submitted) was used for this purpose. Factors that did not significantly contribute to the
model were removed from the analysis of the subsequent models. Using this stepwise approach
enabled us to check for the additional value of each subset of variables to the model as well as to the
proportion of explained variance (Gorard, 2003). The difference in deviance of two models — a test
statistic having a chi-squared distribution (Snijders & Bosker, 2012) - is used to check model
improvement. More specifically, a decrease in the deviance between consecutive models indicates
model improvement.

5. Results
5.1 Primary school pupils’ ICT competences

The dependent variable ‘primary school pupils’ ICT competence’ was measured using the ICT
competence scale of Authors (2014). This unidimensional scale was developed using Item Response
Theory. This measures the degree to which primary school pupils are competent at locating and
processing digital information, and communicating through a computer. Pupils who are less
competent in ICT are located at the bottom of the scale whereas the more competent pupils are
located at the top of the scale (see Table 1). The unit and origin of the scale are fixed at zero mean
and one unit variance. Each bar on the histogram represents the frequency of pupils within a certain
ability score interval of 0.2 points on the ICT competence scale, i.e., each bar covers the number of
students with a certain ICT competence level.

The average ability score of the 378 pupils is -0.08 (SD= 0.06) with a maximum ability score of 1.90
and a minimum score of -2.96. The results in Table 1 indicate that the majority of pupils have a



medium to low-medium score on the ICT competence scale. No pupils are located in the highest
ability intervals, whereas about 10 % seem to be located in the lowest levels of the scale.

[Please insert Table 1 here]

Table 1: Frequencies of primary school pupils on the ICT competence scale

5.2 Factors related to ICT competences

5.2.1 Descriptive statistics and reliability of the instruments

In order to check the psychometric quality of the independent variables that were integrated in the
regression model, Cronbach’s alphas are presented in Table 2. Except for the learning style scales, all
instruments have an acceptable to good internal consistency with alphas varying between .68 and
.91. This means that the findings with regard to the learning style items should be interpreted with
caution. As can be seen in Table 2, the correlation coefficients between the exploratory variables
were rather low, indicating that the assumption of no perfect multicollinearity was not violated. As
such, the measures were acceptable for use in a regression analysis.

With exception of age, ICT experience and ICT infrastructure, all means are located on a scale with a
theoretical minimum of 0 and a maximum of 100. Analytic intelligence (minimum= 0; maximum=60)
and the dependent variable ICT competence (minimum= -3; maximum=3) were expressed on their
original scale. Because the factor ICT support (school level) was measured at the teacher level, an
aggregated measure at the school level was calculated using the mean over teachers within a school.
In order to check whether teachers’ reported ICT support was shared at the school level, the
intraclass correlation coefficient (ICC= (between mean square—within mean square)/between mean
square) was calculated as an index of mean rater reliability (Van Houtte, 2004). As the ICC had a
value of .60, it did not meet the cutoff score of .70 (Dixon & Cunningham, 2006). Consequently, the
aggregated measure of ICT support was not considered as a reliable school level factor and was
removed from further analysis. This was to be expected since the number of teachers per school only
varies between 1 and 3. According to Snijders and Bosker (2012) the reliability of aggregated
variables decreases as the number of micro-units per macro-unit decreases.

[Please insert Table 2 here]

Table 2: Descriptives, reliability coefficients and and correlates of the used scales

5.2.2 The regression model
Model 1: the null model

As mentioned above, the level 2 sample size was too small to allow ICT competence to vary at three
levels. As such, the null model was only allowed to vary at the classroom and pupil level. No
independent pupil (level 1), classroom (level 2) and school (level 3) variables were added to the two-

10



level random intercepts model. As such, the intercept of this model -0.079 represents the overall
mean ability in ICT competence of all pupils in all classes. The results in Table 3 indicate that the
within-class variance (pupil level, 050:.803, X’= 152.144 df=1, p<.001 ) significantly differs from zero,
but the between-class variance (classroom level; 030:.069, x’= 3.021 df=1, p=.082) does not. Only
7.91 % of the total variance is attributed to differences between classes and 92.09 % to differences
between pupils. Although the between class variance is not significant, the ICC has a value .079. As
this is above .05, it supports the use of multilevel modeling (Snijders & Bosker, 1999). Moreover, the
difference in deviance between the single level model and the two level null model, indicates that
the null model fits the data better(x’=4.50, df=1, p<.005). As such, multilevel analysis was used to
model the data adequately.

Model 2: ICT related pupil characteristics

In the second model, the ICT related pupil characteristics, ICT experience and pupil’s ICT attitude,
were added as extra explanatory variables to the fixed part of the model. However, both ICT
experience and pupils’ ICT attitude did not lead to a significantly higher mean level of ICT
competence (x’= .677, df=1, p=.411 and x’=.095 = df=1, p=.758 respectively). Consequently, both
factors were omitted for the subsequent analyses.

Model 3: ICT oriented home situation characteristics

In the third stage of model specification, the model was extended by adding the factors: parental
active ICT support, parental ICT rules, parental ICT attitude and ICT availability at home. With regard
to ICT availability, ‘having no internet access at home’ was chosen as the reference category. As such,
model 3 allows us to investigate whether the degree to which the home situation as ICT oriented
affects pupils’ score on the ICT competence test.

Because there was no significant effect of parental active ICT support (x*=.053, df=1, p=.820),
parental ICT rules (x*=.920, df=1, p=.337), and ICT availability (i.e., shared computer: x*=.394, df=1,
p=.530; private computer: x’=1.190, df=1, p=.275; shared and private: x’=.729, df=1, p=.393) in
model 3a, these factors were not used in model 3b. Parental ICT attitude significantly contributed to
the model (x*=9.620, df=1, p<.01).

In model 3b, the intercept -0.102 represents the overall mean ICT competence of pupils who have
parents with an average score on the ICT attitude scale. The positive slope of parental ICT attitude
indicates that with every increase of one unit, the mean level of ICT competence slightly but
significantly increases by 0.009. Adding parental ICT attitude resulted in a significantly better fit of
model 3b over the null model (x’=101.030, df=1, p<.001).

Model 4: general educational pupil characteristics

Subsequently, the subscales with regard to learning motivation and learning style, as well as analytic
intelligence were added to the model. With regard to learning motivation, introjected regulation was
the only factor that made a significant contribution and was retained in model 4b. The results
indicate that the more students’ learning is driven by negative feelings of shame and guilt, or positive
feelings of pride towards others, the lower their score on the ICT competence scale (mean=-0.092 -
0.008=-0.100, x’= 14.211, df=1, p<.001).
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With regard to learning style, the techniques of memorization and elaboration were not significantly
related to pupils’ ICT competences, and thus removed from further analysis. On the other hand,
planning, monitoring and regulating the learning process (control) leads to a significantly higher
mean level of ICT competence (mean=-0.092 +0.007=-0.085, x’= 9.590, df=1, p<.01). We stress that
these results should be interpreted with caution, as the internal consistency of the learning style
scales was rather low.

Finally, a significant positive relation was found for analytic intelligence. The positive slope indicates
that every increase with one point on the Raven Progressive Matrices Test is reflected in a substantial
increase of the mean level of ICT competence by 0.059 (mean=-0.092 +0.059=-0.033, x’= 58.380,
df=1, p<.001). The intercept -.092 of model 4b represents the overall mean for ICT competence
across pupils with an average score on parental ICT attitude, introjected regulation, control and
analytic intelligence. Compared to model 3b, the addition of these factors resulted in a significantly
better model fit (x’=138.28, df=3, p<.001).

Model 5: sociocultural and economic characteristics

In the fifth model, the demographic factors sex, age and highest educational level of the mother
(reference category: no primary education diploma) were added as final pupil level variables to the
fixed part of the model.

Because age did not make a significant contribution (x°=.481, df=1, p=.488), it was no longer
integrated in model 5b. However, sex was related to pupils’ ICT competences in favor of girls. Girls
have a significantly higher mean level of ICT competence than boys (mean=-1.119 + 0.287=-0.832,
x’=10.263, df=1, p<.01). A significant relationship with socioeconomic status was observed in favor of
pupils having a mother with a lower secondary education diploma (mean=-1.119 +0.766=-0.353, x’=
5.207, df=1, p<.05), of pupils having a mother with a higher secondary education diploma (mean=-
1.119 +.826=-.293, x’= 6.480, df=1, p<.01), and of pupils having a mother with a higher education
degree (mean=-1.119 +1.063=-0.056, x’= 10.667, df=1, p<.01) as compared to pupils having a mother
without any degree. ICT competences of pupils having a mother with a primary school degree did not
significantly differ from the competences of pupils having a mother without any educational degree.
These results indicate that the higher the educational degree of the mother, the higher is the mean
level of ICT competence of the pupils. Model 5b was a significant improvement to model 4b (x*=
40.595, df=5, p<.001).

Model 6: ICT related classroom characteristics

In this stage of model specification, the ICT related classroom characteristics, i.e. ICT competences,
teacher’s ICT attitude, ICT professional development, logistic appropriateness, ICT use as information
tool, ICT use as a learning tool, ICT use for basic skills and ICT experience were integrated into the
model. With exception of ICT use as an information tool, none of these factors made a significant
difference to the model. Consequently, all of them were eliminated for further use in model 6b. The
positive slope 0.008 indicates that pupils who are regularly given the opportunity to use ICT in the
classroom as an information tool have a higher score on the ICT competence scale (x’= 6.169, df=1,
p<.05). Adding the factor ICT use as an information tool leads to a significant improvement of the
model fit in comparison with model 5b (x’= 42.155, df=1, p<.001).
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Model 7: ICT related school characteristics

In the seventh model, ICT related school characteristics were added as explanatory variables to the
fixed part of the model. As can be seen in Table 3, none of the added variables contributed to the
model in a significant way (ICT coordinator as planner: x’= 0.011, df=1, p=.92; ICT coordinator as a
budgeter: x*= 2.900, df=1, p=.089; ICT coordinator as a technician: x’= 1.519, df=1, p=.218; ICT
coordinator as an educationalist: x*= 0.720, df=1, p=.396; school’s vision and policy on ICT: x*= 1.813,
df=1, p=.178; ICT infrastructure: x°= 0.635, df=1, p=.426). Consequently, all ICT related school factors
were removed from the model.

Model 8: adding ICT self-efficacy

In the final stage, ICT self-efficacy was added to the model. Although this factor is situated at the
pupil level, it was integrated at the end of the analysis. The reason for doing this was because within
the EDC-model, ICT self-efficacy is considered as a dependent variable, i.e., an indirect measure of
ICT competence. The positive slope 0.013 indicates that sixth-grade pupils who consider themselves
as more competent in ICT have higher actual ICT competences (x°=13.023, df=1, p<.001). Compared
with model 6b, the addition of ICT self-efficacy leads to significant model improvement (x*=61.890,
df=1, p<.001).

In order to explore the proportion of variance explained by each model, the squared multiple
correlation coefficient R? was calculated (see Table 4). AR? was used to investigate the proportion of
variance explained by each subset of variables that was integrated in the subsequent models. As a
two level model was used, the proportion of explained variance is divided into the explained variance
at the student level and at the classroom level. R?; at the student level is defined as the proportional
reduction of error for predicting an individual outcome with [Rzlzl_((02e0+02u0)c0nditiona|

model/ (02e0+0%u0) unconditional model) )]. R% at the classroom level is defined as the proportional reduction of
error for predicting a group mean [R22=1_(((ozeo/ﬁ)+02u0)conditional model/((Gzeo/ﬁ)+02u0)unconditional model))]
(Jee-Seon, 2009; Snijders & Bosker, 1999).

As the variance at the classroom level was not significant, we are only interested in the variance at
the student level R%;. As can be seen in Table 4, model 3b only accounted for 0.92% of the variance in
primary pupils actual ICT competences. Adding the educational pupil factors introjected regulation,
controlling learning style and analytic intelligence resulted in a substantial increase of 24.08% of
variance explained. Compared to the model 4b, the proportion of explained variance rises with
6.31% in model 5b, due to the addition of sex and SES. Adding the classroom characteristic ICT use as
an information tool increased the proportion of variance explained with 2.29%. In the end, ICT self-
efficacy added another 2.64%, leading to a final model that explains 36.23% of the variance in
primary pupils ICT competences.

[Please insert Table 3 here]

Table 3: Estimates and standard errors from the random intercept model (dependent variable: pupils’ ICT competences)

[Please insert Table 4 here]
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Table 4: Proportion of variance explained

6. Discussion and conclusion

The main aim of this study was to explore the degree to which differences in primary school pupils’
actual ICT competences are related to differences in certain pupil, classroom and school level factors.
The results indicate that the majority of sixth graders have a medium to low score on the developed
ICT competence test, with only a slight minority performing at a more advanced level. These findings
support the results of Van Deursen and Van Diepen (2013) who found that secondary students’ level
of information and strategic Internet skills have much room for improvement. It is interesting to
consider these findings within the context of the debate about pupils as digital natives. The widely
accepted and popular claims that a generation of digital natives exists, and that education must
make fundamental adaptations in order to cope with the needs of this generation, are merely based
on assumptions with a weak empirical foundation (Bennett, Maton, & Kervin, 2008; Jones, Ramanua,
Cross, & Healing, 2010). One of these assumptions is that digital natives possess sophisticated digital
knowledge and competences. However, according to Bennet et al. (2008) these ICT competences are
far from universal among young people and its complexity and diversity should be studied more
intensively. The results of this study show that the majority of primary school pupils have a medium
to low score on the performance-based ICT competence test with regard to retrieving, processing
and communicating digital information. This indicates that digital natives are perhaps not as
computer and internet savvy as it is often assumed. Moreover, this indicates that pupils do not
develop high levels of ICT competence simply by using ICT at home or in informal settings, and that
formal education in this matter is required. If education must make fundamental adaptations to the
needs of this generation, the content of these needs should be reconsidered. Educational
adaptations should not only reflect the skills that teachers do not yet possess, but especially the
higher-order skills and competences that pupils do not yet possess. As such, professional
development should not only focus on teachers’ ICT competences, but also — and perhaps primarily -
on initiatives that help teachers develop the ability to identify low levels of specific ICT competences
of their pupils.

The results of the regression analysis indicate that a large proportion of the variance is situated at
the pupil level, while only small and non-significant differences can be observed between classes.
These results suggest that no shared levels of ICT competences exist for particular classes and that
ICT competences mainly can be considered as a pupil phenomenon. A possible explanation is that
pupils, in general, still do not use ICT intensively enough in the classroom in order for it to make a
difference in the development of their ICT competences. For example, the results of this study
indicate that primary school sixth graders on average are given the opportunity to use ICT in only
three to four lessons per week and that this frequency of opportunity is not related to pupils’ ICT
competences. Consequently, it would be interesting to conduct a similar study in which the
frequency or intensity of ICT use in the classroom is being controlled. More specifically, future
research could investigate the degree to which the effect of certain classroom and school level
characteristics is being mediated through the intensity of ICT use in the classroom. For example, it
can be expected that pupils that have a very ICT competent teacher and that are given enough
opportunities to learn from the teacher, will have better ICT competences compared to pupils that
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also have a very ICT competent teacher but are not given the opportunity to benefit from his or her
competence.

The stepwise approach in the regression model made it possible to identify the specific pupil and
classroom level factors of the EDC-model that relate to primary school pupils’ ICT competences. With
regard to ICT related pupil factors, ICT self-efficacy seems to explain a part of the variance in primary
school pupils’ ICT competences. The higher primary school pupils’ ICT self-efficacy, the better they
score on the ICT competence test. Similarly, Hargittai and Shafer (2006) found that Actual Net Skills
are positively related to Self-Assessed Net Skills. Similarly, Tsai and Tsai (2003) found that pupils with
higher ICT self-efficacy also have better online information processing strategies. However, this
relationship between the directly and indirectly measured ICT competences of pupils requires more
detailed investigation. For example, future research could explore whether the discrepancy between
pupils’ self-perceived and actual ICT competences is related to their actual level of ICT competence.
More specifically, can it be assumed that the degree to which pupils are able to make a valid
judgment of their own ICT competences is related to their actual competences?

With respect to motivation to learn, the results of this study indicate that pupils whose learning is
driven by negative feelings of shame and guilt, or positive feelings of pride towards others, are less
proficient in digital information processing and communication. These results are in line with other
findings that indicates that introjected regulation is linked to less positive outcomes in other domains
(Boiché, Sarrazin, Grouzet, Pelletier, & Chanal, 2008). As these pupils put pressure on themselves,
their behavior is associated with feelings of compulsion and conflict. These pupils’ lower proficiency
in ICT competence can possibly be explained by the fact that introjected regulation predicts a set of
undesirable outcomes such as superficial cognitive processing, lower achievement and less
engagement in adaptive metacognitive strategies such as concentration (Vansteenkiste et al., 2009).

With regard to these metacognitive strategies, the results of this study also indicate a positive
relation between the ‘control’ learning style and pupils’ ICT competence. The more pupils report that
they plan, monitor and regulate their learning process while learning, the higher their ability in digital
information processing and communication. The fact that these pupils have better scores is possibly
explained by the fact that different aspects of information processing, such as locating and judging
information, require metacognition (Eisenberg, 2005). These results indicate that in order to produce
digitally competent pupils, schools should go further than addressing basic ICT skills and even higher-
order ICT competences. Just as it is the case with other subjects, general educational pupil
characteristics such as learning style and learning motivation seem to be related to pupils’ ICT
competences, and should therefore also be stressed within educational ICT use. For example, in
order to diminish pupils’ introjected regulation, teachers must create conditions that allow their
pupils to feel ICT competent. In this context, Ryan and Deci (2000) state that pupils who are directed
to perform tasks they are not developmentally ready to master, will remain introjectedly regulated.
As such, it is important that teachers can analyze the ICT competence level of their pupils and
provide them with challenging but feasible ICT exercises. Pupils who successfully complete these
tasks will perceive themselves as more competent. This perceived competence will lead to
internalization of regulation, i.e., to more intrinsic motivation, which in turn will yield better ICT
competences.
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Furthermore, the results of this study indicate that analytic intelligence is related to pupils’ level of
ICT competence. The better a pupil can deal with novelty and adapt his or her thinking to new
cognitive problems, the higher he or she scored on the test. Although this was to be expected, we did
not find any other empirical study in the literature that provides evidence for the relationship
between cognitive ability and ICT competences. Moreover, we consider it an advantage that analytic
intelligence was taken into account in the conducted analyses, as this likely produces more accurate
estimates for the other relationships that were found.

With regard to the sociocultural and economic pupil characteristics, both SES and sex were related to
pupils’ ICT competences, taking their cognitive ability into account. With respect to sex, girls seem to
have the upper hand when it comes to digital information processing and communication. As such,
this study provides evidence that tackles the traditional assumption of the gender gap in which
computer and Internet use has been deemed a more male activity. Looking at the specific type of ICT
competences that were tested in this study, our results are supported and possibly explained by
earlier findings that state that e-mailing and online communication are the most popular computer
activities for girls (Tsai & Tsai, 2010; Volman, Van Eck, Heemskerk, & Kuiper, 2005). Tsai and Tsai
(2010) found that girls have about the same confidence as boys in their Internet exploration ability,
but significantly higher confidence in their online communication ability. Our results confirm and
elaborate the validity of these findings, through measuring ICT competences in a direct way.
Moreover, the results of Hohlfeld, Ritzhaupt and Barron (2013) show that secondary school female
students produced higher results than their male counterparts on the Student Tool for Technology
Literacy, a performance-based assessment. The current study provides evidence that direct
assessments can shed a different light on the gender issues concerning ICT competences and that
future research should (re)address this subject as more valid assessment techniques and instruments
become available. With regard to SES, the results of this study indicate that the higher the
educational degree of the mother, the higher the mean level of pupils’ ICT competence in digital
information processing and communication. These results are in line with other studies indicating a
significant positive relationship between pupils’ ICT competences and SES (Vekiri, 2010; Volman,
2005). However, the results of this study elaborate on these previous findings, as they show a
significant relationship between SES and ICT competence, taking the pupil’s cognitive ability into
account. As such, these results stress the importance of taking SES - e.g. parents’ educational level -
into account when studying pupils’ ICT competences.

Finally, the degree to which pupils use ICT as an information tool in the classroom is positively
related to pupils’ digital information processing and communication skills. Although significant
variance was only situated at the pupil level, this demonstrates that the type of technological
activities that teachers organize in the classroom do matter in the establishment of ICT competences.
However, these results must be interpreted with caution. Normally, it would be expected that the
use of ICT as an information tool in the classroom would explain variance at the classroom level
rather than at the pupil level. Although no significant variance was found at the classroom level, it is
still possible that the use of ICT as an information tool is more likely related to the insignificant
differences at the classroom level than to the variance at the pupil level. As such, the use of a single
level model may have hidden the true contribution of the use of ICT as an information tool, as the
differences at the classroom level could have been transferred to the pupil level. Further research
should investigate whether other specific types of technology use in the classroom are also related to
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other corresponding types of ICT competences. Findings from such studies could inform teachers
about how to adapt their technology use in the classroom, such that pupils can learn the specific ICT
competences they do not yet possess.

It is advised to replicate this study with a larger sample size in which the ratio between pupils,
teachers and schools is taken into account. This will not only improve the reliability and validity of
the results, but also permit a three-level analysis in which ICT competences are allowed to vary at the
pupil, classroom and school level. Although this study is hindered by its relatively small sample size,
we believe that the results are an important step forward into the identification of factors related to
differences in pupils’ ICT competences. As the results are based on the analysis of performance-
based rather than self-perceived ICT competence data, they add to the literature on ICT
competences. Moreover, this study yielded results that contrast with research on self-perceived ICT
competences. For example, most of the research on self-perceived ICT competences has identified
significant relationships between pupils’ ICT attitude (or dimensions of it) and ICT self-efficacy
(Compeau & Higgins, 1995; Durndell & Haag, 2002; Pamuk &Peker, 2009; Wu & Tsai, 2006).
However, in this study no such relationship was found between pupils’ ICT attitude and their actual
ICT competence. These results support the findings of Bunz, Curry and Voon (2007), which indicate
that students’ computer anxiety is negatively related to their self-perceived computer-e-mail-WEB-
fluency, but not to their actual computer-e-mail-WEB-fluency. This illustrates that accurate, direct
and valid measures of ICT competence are required when studying ICT competences and factors
related to them. By conducting this study, we hope to contribute to unraveling differences in pupils’
ICT competences and encourage other researchers to use a performance-based approach.
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Appendix A

Item Description higher-order competences and technical skills
Higher-order learning-process oriented competence
Item 1 Pupils use ICT applications to ask a question or deliver a message of which the content is understandable for the receiver
Item 2 Pupils can assess and judge the relevance of the information that was found for answering a question
Item 3 Pupils use the title and textual information found in the results of a conducted search
Item 4 Pupils use ICT applications to ask a question or deliver a message in a social acceptable way
Item 5 Pupils can judge the reliability of digital information
Item 6 Pupils can generate a new information product by comparing and synthesizing information that was found elsewhere
Item 7 Pupils can use a search engine by entering more correct search terms derived from a task or question
Item 8 Pupils can deliver information to others by using a non-structured format such as a e-mail
Item 9 Pupils can assess and judge the relevance of the information that was found for answering a question
Item 10 Pupils can integrate new information into existing information products
Item 11 Pupils formulate a subject of a mail/forum that refers adequately to its content
Item 12 Pupils can use a search engine by entering one correct search term derived from a task or question
Item 13 Pupils formulate a subject of a mail/forum that refers adequately to its content
Item 14 Pupils can deliver information to others by using a structured format such as a digital form
Item 15 Pupils can deliver information to others by using a structured format such as a digital form
Item 16 Pupils can configure a search engine to improve an intended search for figures or other media files
Item 17 Pupils can use a search engine by entering one correct search term derived from a task or question
Item 18 Pupils can efficiently use an URL
Technical and application oriented ICT skills
Item 19 Pupils can answer an e-mail to one known person
Item 20 Pupils can send an e-mail to more known persons
Item 21 Pupils can add an attachment to an e-mail
Item 22 Pupils can use basic software commands such as copying and pasting a text
Item 23 Pupils can react on a forum
Item 24 Pupils can save and retrieve a file from a specific location
Item 25 Pupils can use basic software commands such as copying and pasting an image
Item 26 Pupils can start a topic on a forum
Item 27 Pupils can delete an e-mail

Items of the ICT competence scale of Authors (2014)
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Ability interval

Ability scale

Visual representation (x=3 pupils)

Pupils (%)

12.8,3.0]
12.6, 2.8]
12.4, 2.6]
12.2,2.4]
12.0,2.2]
11.8, 2.0]
11.6, 1.8]
11.4, 1.6]
11.2,1.4]
11.0, 1.2]
10.8, 1.0]
10.6, 0.8]
10.4, 0.6]
10.2,0.4]
10.0,0.2]
1-0.2,0.0]
1-0.4,-0.2]
1-0.6, -0.4]
1-0.8, -0.6]
]-1.0,-0.8]
-1.2,-1.0]
-1.4,-1.2]
-1.6,-1.4]
]-1.8,-1.6]
1-2.0,-1.8]
1-2.2,-2.0]
1-2.4,-2.2]
1-2.6,-2.4]
1-2.8,-2.6]
1-3.0,-2.8]

-3

X

XXX

XX

XXXXXXX
XXXXXX
XXXXXXXXX
XXXXXXXXX
XXXXXXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXX

XXXX
XXXX
XXXX

XX

XX

XX

X

0(0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
1(0.26)
5(1.32)
9(2.37)
8(2.11)
21 (5.54)
20 (5.28)
29 (7.65)
27(7.12)
42 (11.08)
31(8.18)
41(10.82)
24 (6.33)
26 (6.86)
21 (5.54)
12 (3.17)
14 (3.69)
13 (3.43)
7(1.85)
2(0.53)
7(1.85)
5(1.32)
6 (1.58)
5(1.32)
0 (0.00)
2(0.53)

Table 1: Frequencies of primary school pupils on the ICT competence scale



M o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Factors at the pupil level

1. Sex - - 1.00

2. Age 12.06 - 127 1.00

3. Amotivation 2447 .79 -187 o1 1.00

4. Extrinsic regulation 4429 86 -.10 .06 427 1.00

5. Introjected regulation 4470 71 -11° .08 23" 38" 1.00

6. Identified regulation 8292 .81 5™ -.02 -547 257 00 1.00

7. Intrinsic motivation 6187 .88 207 01 -437 277 a4” 637 1.00

8. Control 7163 .60 16" 11 -287 -a4 07 407 34" 1.00

9. Memorization 5373 .57 a1 -.04 13 -.03 .09 327 207 337 1.00

10. Elaboration 3487 .66 11 -.03 05 01 19” 217 20" 23" 20" 1.00

11. Analytic intelligence 4532 81 01 -.06 -.10 -13° -12° -.02 -01 04 -147 -197  1.00

12.Parental active ICT support 54,51 91 .02 -11 -.04 -.07 .05 .03 A1 .04 .00 .03 -.01 1.00

13. Parental ICT rules 7456 .85 04 -12 -.02 .01 03 .07 07 .05 -.03 .03 07 537 1.00

14. Parental ICT attitude 7358 .82 05 -.04 01 04 -.07 -.05 -.04 .00 -.04 -.09 06 12 -.06 1.00

15. ICT experience 7.75 - -.02 15 -.04 -.09 -13° .05 03 -01 09 .06 -.08 -01 2217 167 1.00

16. Pupil’s ICT attitude 6853 .83 -34"  -08 12" .09 15" .06 .00 02 .06 .10 -.07 .04 01 .09 .09 1.00
Factors at the classroom level

17. ICT competences 69.18 .83 -.02 -.04 04 -07 .00 -.06 -03 03 -.05 -07 13" .05 -01 12 -.03 .05
18. Teacher’s ICT attitude 6627 .80 03 .08 -12 -.04 04 157 a1 08 14" 02 03 -01 03 -.05 -.09 04
19. Professional development 58.07 .84 03 -.10 -.08 -.02 01 .06 03 04 02 -.06 147 .05 -.03 .08 -11 .02
20. Logistic appropriateness 66.30 .82 01 -200 -02 -.05 -.06 -.06 -.07 07 -.04 -.08 14" -.05 -.03 -.04 -157 -03
21.ICT use as information tool 4500 .68 04 -01 -.07 -.02 .05 .03 .05 03 .00 -.02 .08 .01 -.03 .06 -16" .04
22.ICT use as learning tool 5323 .78 -.04 -.08 -01 -.02 -03 07 12 04 03 .04 .00 .06 11 02 01 -.02
23. ICT use basic skills 4604 .70 07 -07 .00 -.05 01 01 a1 07 05 02 04 01 .05 .09 -3 -01
24.ICT experience 3.53 - 02 -.05 -.06 .02 -.02 .08 .10 04 -10° .00 13 .04 14 01 -.09 .03
Factors at the school level

25. ICT coordinator: planner 61.04 .91 04 -197 -0 -.08 -.09 -.02 -.05 13 -.05 -.10 .10 02 02 -01 -3 -01
26. ICT coordinator: budgeter 4894 .82 03 -.06 02 -.08 -12° -.09 -.08 -.06 -.10 -.08 .06 .04 -11 -.02 -.06 -.06
27.ICT coordinator: technician 8333 .91 03 .01 -.02 -.09 -.07 .02 12" -.06 01 -.03 -01 A1 -.02 .00 12" -.03
28.ICT coordinator: educationalist ~ 63.27 .89 .00 -10 -.03 -12° -.10 -08 -13 08 13 -.06 .09 -02 -03 -.09 -.08 -03
29. Vision and policy on ICT 6267 .89 06 -.04 11 -11 -.07 .00 -.05 08 -.05 -11 .09 01 -.03 -.04 -.06 -.02
30. ICT infrastructure 23 - -.02 -.02 02 .00 -.05 .00 -.04 -.07 .00 01 -.05 .06 -.03 -.06 07 -.02
31. Pupils’ ICT competences -.08 207 -.10 -12° -157 -227 08 05 16" -.04 -167 437 .07 .03 16" .04 -.02
32. ICT self-efficacy 8098 .88 -.09 -.05 -12° -.06 -.04 137 01 08 .10 15" a1 .02 03 .09 217 38"




17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Factors at the classroom level

17.ICT competences 1.00

18. ICT attitude 18" 1.00

19. Professional development 517 307 1.00

2.ICT infrastructure 38" 16" 44" 1.00

21.ICT use as information tool 26" 307 46" 417 1.00

22.ICT use as learning tool 207 28" 26" 24" 34" 1.00

23.ICT use basic skills 297 257 317 27" 49" 54" 1.00

24.Computer experience 14" -.04 09 .03 18" 257 277 1.00

Factors at the school level

25. ICT coordinator: planner 19" -01 327 547 36" 17" 327 217 1.00

26. ICT coordinator: budgeter -.07 -297 227 217 15" -.02 -.10 -01 407 1.00

27.ICT coordinator: technician -.09 13 a1 -277 a2 .10 -.07 -.03 -.06 347 1.00

28.ICT coordinator: educationalist .09 -217 07 26" 05 -197 02 227 70" 517 -11° 1.00

29. Vision and policy on ICT 227 -03 26" 16" 17" -247 -0l .06 32" .09 -197 447 1.00

30. Infrastructure -.05 -.09 -.05 10 -.10 .03 -237 237 .03 127 16" -.09 .06 1.00

31. Pupils’ ICT competences 5™ .02 09 18" 5™ -01 07 .09 24" .00 -17” 12" 18" -.02 1.00

32. ICT self-efficacy -.04 .03 -.04 -07 -.05 -14° -11° 117 -.08 -13° -.07 -.02 .04 -.04 22" 1.00

Table 2: Descriptives, reliability coefficients and correlates of the used scales,* correlation significant at the .05 level, ** correlation significant at the .01 level



Model 1 (null) Model 2

Model 3a

Model 3b

Model 4a

Model 4b

Fixed
Intercept (cons) -.079 (.056) -.061 (.061)

Pupil
ICT experience .007 (.009)
Pupil’s ICT attitude .001 (.002)

Parental active ICT support

Parental ICT rules

Parental ICT attitudes

ICT availability (categ)
- Internet shared computer
- Internet private computer
- Internet shared & private

Amotivation

Extrinsic regulation
Introjected regulation
Identified regulation
Intrinsic motivation
Control
Memorization
Elaboration

Analytic intelligence

Sex (categ)

Age

SES education mother
- Primary
- Lower secondary
- Higher secondary
- Higher education

Classroom

ICT competences
Teacher’s ICT attitude
Professional development
Logistic appropriateness
ICT use as information tool
ICT use as learning tool
ICT use basic skills

ICT experience

School

ICT coordinator: planner

ICT coordinator: budgeter

ICT coordinator: technician

ICT coordinator: educationalist
Vision and policy on ICT

ICT Infrastructure

Random

Classroom level 62, (between) .069(.040) .096
7.91% (.047)*

Pupil level 62, (within) .803(.065)*** 725
92.09% (.066)***

Model Fit

Deviance (2-log)’ 1016.386 819.757

Ve 450

df 1

p <.005

Reference Single level
model

-.368(.406)

.001 (.003)
.003 (.003)
.010 (.003)**

1257 (.409)
1606 (.556)
353 (.414)

077
(.045)
741
(.068)***

802.730

-.102 (.059)

.009 (.003)**

.083
(.044)
.781
(.067)%**

915.353
101.03

1

<.001

Null model

-.072 (.050)

.010 (003)***

.001 (.003)
-.001 (.002)
-.006 (.002)*
.002 (.004)
.000 (.003)
.010 (.003)***
-.003 (002)
-.003 (.002)
.058(.008)***

044
(.032)
530
(.051)***

650.028

-.092(.050)

.009 (.003)**

-.008 (.002)***

.007 (.002)**

.059 (.008)***

043
(.032)
611
(.054)***

777.068
138.28

3

<.001
Model 3b




Model 5a Model 5b Model 6a Model 6b Model 7 Model 8
Fixed
Intercept (cons) -1.123 -1.119 -1.134 -1.121 -1.199 -.981
(.310)*** (.319)*** (.316)*** (.313)*** (.311)%** (.337)**
Pupil
ICT experience - - - - - -
Pupil’s ICT attitude - - - - - -
Parental active ICT support - - - - - -
Parental ICT rules - - - - - -
Parental ICT attitudes .008 (.003)** .008 (.003)** .007(.003) .007(003)* .007 (.003)** .006 (.003)*

ICT availability (categ)
- Internet shared computer
- Internet private computer
- Internet shared & private

Amotivation

Extrinsic regulation
Introjected regulation
Identified regulation
Intrinsic motivation
Control
Memorization
Elaboration

Analytic intelligence

Sex (categ)

Age

SES education mother
- Primary
- Lower secondary
- Higher secondary
- Higher education

Classroom

ICT competences
Teacher’s ICT attitude
Professional development
Logistic appropriateness
ICT use as information tool
ICT use as learning tool
ICT use basic skills

ICT experience

School

ICT coordinator: planner

ICT coordinator: budgeter

ICT coordinator: technician

ICT coordinator: educationalist
Vision and policy on ICT

ICT Infrastructure

ICT self-efficacy

Random
Classroom level 62, (between)

Pupil level 62, (within)

Model Fit
Deviance (2-log)®
XZ

df

p

Reference

-.005 (.002)*

.005 (.002)*

.054 (.008)***

310 (.095)***
-.072 (.104)

1602 (.436)
756 (.329)*
826 (.317)**
1.132 (.318)***

.000
(.000)
566
(.048)***

635.356

-.007 (.002)***

.006 (.002)*

.058 (.008)***

.287 (.090)**

701 (.432)
766 (.336)*
826 (.325)**
1.063 (.325)**

.019
(.027)
.580
(.052)***

736.473
40.595

5

<.001
Model 4b

-.008 (.002)***

.006 (.002)**

.057 (.008)***

.263 (.093)**

1635 (.430)
833 (.334)*
891 (.324)**
1.051 (.324)%**

.003 (.003)
.001 (.003)
-.005 (.003)
.003 (002)
.010 (.004)*
-.005 (.003)
.001 (.003)
-.006 (.024)

.000
(.000)
574
(.047)%**

673.408

-.008 (.002)***

.006 (.002)**

.057 (.008)***

.253 (.091)**

1669 (.427)
.803 (.331)*
885 (.319)**
1.049 (.320)**

.008 (.003)*

.004
(.024)
.575
(.052)***

694.318
42.155

1

<.001
Model 5b

-.007 (.002)***

.005 (.002)*

.058 (.008)***

255 (.091)**

725 (.419)
928 (..329)**
946 (.318)**
1.118 (.320)%**

.008 (.004)*

.000 (.003)
-.005 (.003)
-.003 (.002)
.004 (.004)
.004 (.003)
481 (.604)

.000
(.000)
.549
(.046)***

644.721

-.006 (.002)**

.005 (.002)*

.049 (.008)***

279 (.093)**

557 (.457)
685 (.353)
742 (.342)*
931 (.343)**

.011 (.004)**

.013 (.004)***

.000
(.000)
.556
(.047)***

632.428
61.916

1

<.001
Model 6b

Table 3: Estimates and standard errors from the random intercept model (dependent variable: pupils’ ICT competences)

* significant at the .05 level; ** significant at the .01 level; *** significant at the .001 level



Model 3b Model 4b Model 5b Model 6b Model 8
R%, (proportion of variance explained at the student level) 0.92 25.00 31.31 33.60 36.24
ARzl 24.08 6.31 2.29 2.64
R%, (proportion of variance explained at the classroom level) 3.73 27.28 40.33 46.89 50.22
ARzz 23.55 13.05 6.56 3.33

Table 4: Proportion of variance explained
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Pupil, class and school factors are examined as antecedents of ICT competences.
Pupils score low-medium on a performance-based ICT competence test.

ICT competence is a pupil rather than a class or school phenomenon.

Non-ICT related factors e.g. cognitive ability, SES are related to ICT competences.

Parents’ ICT attitude and educational ICT use are related to ICT competences.



