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ABSTRACT
This study assessed the construct and criterion validity of the short version of the Internet
Skills Scale and examined whether its four dimensions - Operational, Information

Navigation, Social, and Creative skills - are influenced by a higher-order dimension of gen-
eral internet skills as one second-order factor. In 2018, a face-to-face survey comprising of
the 20-item Internet Skills Scale and 22 other items related to digital inclusion was con-
ducted in a sample of 814 internet users in Slovenia. The results of exploratory and con-
firmatory factor analyses, as well as other multivariate methods, showed that the Internet
Skills Scale is characterized by high to adequate convergent and divergent validity.
Acceptable criterion validity was observed for Operational and Information Navigation skills.
In terms of measurement invariance, the data supported configural and metric invariance,
whereas the scalar invariance was not fully confirmed, suggesting that older adults’ lower
scores on the Creative skills items were not related to lower levels of internet skills in the
same way as they were among younger individuals. Last, the results provided original evi-
dence of the Internet Skills Scale as a second-order construct, meaning that a single summa-
tive Internet Skills Scale score could be created as an adequate measure of an individual’s
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internet skills.

Introduction

Two decades of research into the differences in how
people access and use information and communica-
tion technologies (ICTs) has established internet skills
to be a key factor for digital inclusion (van Dijk and
van Deursen 2014). As per DiMaggio et al. (2004,
378) definition, internet skills' is “the capacity to
respond pragmatically and intuitively to challenges
and opportunities in a manner that exploits the inter-
net’s potential and avoids frustration” (DiMaggio
et al. 2004, 378). In general, younger individuals with
higher socioeconomic status and more prior experi-
ence with the internet exhibit relatively high levels of
internet skills (Hargittai 2002; Hargittai and
Dobransky 2017; Litt 2013; Scheerder, van Deursen,
and van Dijk 2017; van Dijk and van Deursen 2014).
In turn, disparities in internet skills leads to disparities
in online engagement and also outcomes of such
engagement, both online and offline (Dodel and

Mesch 2018; Hargittai and Dobransky 2017; Hargittai
and Litt 2011; Junco and Cotten 2012; Leung and Lee
2012; van Deursen et al. 2017). In effect, disparities in
internet skills are at the core of the second-level
digital divide (Hargittai 2002).

Since internet skills are critical for digital inclusion
(Mossberger, Tolbert, and Stansbury 2003; Ragnedda
and Muschert 2013; Rainie and Wellman 2012;
Robinson et al. 2015), assessment of levels of skills
development across various social groups in the gen-
eral population is becoming increasingly important.
Such assessment can help identify specific skills vital
in technology-rich social environments, guide concrete
policy interventions aimed at increasing digital and/or
social inclusion, and enable measurement and com-
parison of internet skills in a cross-cultural context,
among other things (Litt 2013). However, assessments
of internet skills levels for the population at large are
successful only when valid and easy-to-use measure-
ment instruments are employed. However, in face of
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many theoretical and empirical challenges, the survey
instruments have tended to be incomplete, over-
simplified and ambiguous (Litt 2013; van Deursen,
Helsper, and Eynon 2014; see section “Measuring
internet skills”).

Working to overcome limitations of existing survey
measures of internet skills, van Deursen, Helsper, and
Eynon (2016) developed long (35 items) and short (23
items) forms of a self-assessment survey instrument -
Internet Skills Scale (ISS). To date, the long form of
the ISS has been validated in large online survey stud-
ies in the Netherlands (NL) and the United Kingdom
(van Deursen, Helsper, and Eynon 2016), as well as in
Italy (Surian and Sciandra 2019), showing promising
results with regard to measurement validity (see sec-
tion “Internet Skills Scale”). However, the short ver-
sion of the ISS has been validated only in the
Netherlands using web survey data.” To strengthen its
application in cross-cultural research, van Deursen,
Helsper, and Eynon (2014) pointed to the need for
further studies to determine its validity—at explora-
tory and confirmatory levels—in countries with lower
levels of internet penetration and utilization.
Following van Deursen, Helsper, and Eynon (2014),
this study tests the short version of the ISS in the con-
text of Slovenia, a country that has lower levels of
internet penetration and utilization, using a large rep-
resentative sample of survey data collected face-to-
face. Moreover, Slovenia is a medial country in the
European Union (EU) in terms of internet use. For
example, in Slovenia 66% of the population uses the
internet (almost) every day, which is very near the
EU-27 average of 67% (European Commission 2019a).
Also, Slovenia ranked 14" among 27 member states
on the Human Capital dimension of the Digital
Economy and Society Index, which measures “internet
user skills” and “advanced skills and development”
(European Commission 2019b).

Background
Internet skills and digital inequalities

Digital inequalities research developed on an elabor-
ation of the digital divide (NTIA 1995) when
researchers recognized that “individuals, organizations,
and countries may be differentiated by online experi-
ences and abilities beyond core technical access”
(Hargittai and Hsieh 2013, 129). Different theoretical
models of digital inequalities have been proposed to
explain the links between social and digital inclusion/
exclusion (DiMaggio et al. 2004; Helsper 2012; van
Deursen et al. 2017; van Dijk 2005). All these models

take internet skills to be one of the core mediating
factors between offline social exclusion and online
digital exclusion. For example, Helsper (2012)
hypothesized that exclusion in the offline field of eco-
nomic resources (e.g., educational attainment) influen-
ces exclusion in the corresponding digital field (e.g.,
engagement in information and learning activities)
mediated by an individual’s level of internet skills,
access, and attitudes. van Dijk (2005) understood the
process of appropriation of the internet as: (1) succes-
sive — motivational access is followed by material,
skills and usage access and (2) recursive — this process
recurs wholly or partially with every new technology.
Moreover, van Deursen et al. (2017) hypothesized a
compound and sequential relationship between inter-
net skills, uses, and outcomes. Compound digital
exclusion occurs when a person lacks digital resources
of the same type (e.g., has low levels of different types
of skills). Sequential digital exclusion occurs when “a
person’s digital exclusion of one type (e.g., lack of
skills) leads to exclusion of a different type (e.g., low
levels of internet use)” (van Deursen et al. 2017, 456).

Substantial research has indicated sequential rela-
tionship between internet skills and online engage-
ment (Blank 2013; Correa 2016; Correa, Pavez, and
Contreras 2020; Hargittai 2010; Helsper and Eynon
2013; Reisdorf, Petrov¢ic, and Groselj 2020; van
Deursen et al. 2017; van Deursen and van Dijk
2015a). Several recent studies also confirmed the com-
pound relationship between different types of internet
skills (van Deursen et al. 2017; van Deursen and van
Dijk 2015a; van Deursen, van Dijk, and Peters 2011).

As ICTs have evolved, individuals’ internet skills
have become even more important across different
population groups “given the increasing number of
types of know-how that are required to make the best
use of digital media” (Hargittai and Micheli 2019,
109). Consequently, several authors proposed to dif-
ferentiate between various types of skills (for reviews
see Litt 2013; van Deursen, Helsper, and Eynon 2014),
stressing the importance of distinguishing between
medium-related (i.e., skills necessary to the use of the
internet as a medium) and content-related (i.e., skills
necessary to engage with the content provided by the
internet) internet skills.

In comparison to gaps in access to ICTs, gaps in
internet skills are believed to be more profound and
lasting, because they may cause structural inequality
between people resulting in “an information elite who
commands high levels of internet skills and as a result
a more diverse use of the internet” (van Deursen and
van Dijk 2015b, 789). Therefore, digital inequalities



research has also focused on determinants of internet
skills. Most studies have examined demographic and
socioeconomic determinants of skills (e.g., Scheerder,
van Deursen, and van Dijk 2017). Age has been iden-
tified as one of the most important factors, and its
relationship with skills has been quite widely studied
because of several popular misconceptions (e.g.,
Hargittai and Dobransky 2017). For example, young
people are often believed to be “digital natives,” that
is, inherently better at using the internet than older
people who are believed to be “digital immigrants”
(Prensky 2001). However, the relationship between
age and internet proficiency is not as straightforward.
For example, several studies showed that there are
considerable differences in levels of internet skills
among young people (Correa 2010; Cotten, Davison,
et al. 2014; Hargittai 2010; Livingstone and Helsper
2007) as well as among older adults (Cotten, Ford,
et al. 2014; Hargittai and Dobransky 2017; Hargittai,
Piper, and Morris 2019; Xie 2011). Furthermore, the
association between age and skills is different for dif-
ferent types of skills. On performance tests, older
internet users performed more poorly than younger
internet users regarding medium-related skills (oper-
ational and formal skills), whereas age did not con-
tribute significantly to the level of content-related
skills (information and strategic skills; van Deursen
and van Dijk 2011). In contrast, using a frequency-
based survey instrument van Deursen and van Dijk
(2015a, 2015b) found a negative association between
medium- and content-related types of skills and age.
In a recent study using the ISS, van Deursen et al.
(2017) found no association between age and
Information Navigation and Social skills, while the
association between Operational and Creative skills
was negative.

Measuring internet skills

Despite extensive research on internet skills, their
measurement remains a significant challenge.
Specifically, three principal measurement approaches
have been applied to date: performance or observation
measures, self-assessment or self-reported measures,
and combined or unique measures (for a review see
Litt 2013). Although performance-based measures and
observational techniques are believed to show the
most internal validity (van Deursen, Helsper, and
Eynon 2014), their use is less widespread (examples
include Dodge, Husain, and Duke 2011; Hargittai
2002; van Deursen and van Dijk 2011), as they “pose
challenges due to their time-consuming nature, added
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expense of equipment and personnel, and difficulty in
cross-comparison and replication” (Litt, 2013, 619).
Consequently, the most widely adopted approach to
measure internet skills is self-assessment survey scales
on which respondents evaluate their own skill levels,
which may lead to overrating or underrating.
However, an important advantage of this approach is
its effectiveness in terms of scalability, population
coverage, processing, and costs (Litt 2013; van
Deursen, Helsper, and Eynon 2014). Some scholars
proposed unidimensional skills scales that sum
respondents’ scores on individual items (Hargittai and
Hsieh 2012; Livingstone and Helsper 2010; Potosky
2007; Zimic 2009). Others developed multidimen-
sional skills models with different dimensions corre-
sponding to different types of skills needed in online
engagement (Bunz 2004; Helsper and Eynon 2013;
Spitzberg 2006; van Deursen and van Dijk 2015b).

None of the previously proposed self-assessment
survey measures of internet skills have been widely
accepted. In part, this is because of their focus on spe-
cific aspects of skills, different measurement character-
istics, their validation in specific (sub-)populations of
internet users such as students, and/or lack of meas-
urement validation in a cross-national perspective
(Litt 2013). With the goal of overcoming some of
these challenges, van Deursen, Helsper, and Eynon
(2014) built on existing knowledge and developed the
ISS, a set of self-assessment survey measures of inter-
net skills.

Internet Skills Scale

The development and validation of the ISS (van
Deursen, Helsper, and Eynon 2014, 2016) had four
stages: (1) a literature review, (2) cognitive interviews
in the NL and the UK, (3) small-scale online surveys
of random samples of internet users in the NL and
the UK, and (4) a large-scale online survey in the NL
using a sample representative of the Dutch internet
user population. On the results of the small-scale sur-
veys (UK: N=324; NL: N=306), the authors per-
formed exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA), which resulted in
a five-factor solution representing five types of skills:
(1) Operational skills — basic technical skills required
to use the internet. (2) Information Navigation skills -
information searching skills, including the ability to
find, select, and evaluate sources of information on
the internet. (3) Social skills - online communication
and interactions skills, including selecting, evaluating,
and acting on contacts online. (4) Creative skills -
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Table 1. An overview of the characteristics of previous validation studies of the Internet Survey Scale (ISS).

Study

van Deursen, Helsper, and
Eynon (2014, 2016)

van Deursen, Helsper, and
Eynon (2014, 2016)

Surian and
Sciandra (2019)

Present study

Basic information

Scale form (long/short)

Study purpose

Country

Language

Survey mode®

Sampling

Target population
(age group)

Sampling frame

Sample design
Sample size (N)

Long and short
Pilot

UK and the Netherlands

English and Dutch
CSAQ

Internet users, 16+

Non-volunteer access
online panel

Simple random®

630 (UK: 324; the

Long and short
Full

the Netherlands
Dutch

CSAQ

Internet users, 16+
Online opt-in panel

Simple random®
1,107

Long
Full
Italy
Italian
CSAQ

Internet users, 18+

Online opt-in panel

Short

Full
Slovenia
Slovenian
CAPI

General population, 18-+

Central Population Register

Netherlands: 306)

Response rate? - 27%

Post-stratification - Yes

Validation

Exploratory factor Yes® No
analysis (EFA)

Confirmatory factor Yes' Yesf
analysis (CFA)

Internal consistency Yes Yesd

Convergent validity No Yes?

Discriminant validity Yes Yes

Criterion validity No No

Measurement invariance Yes; based on cross- No

country comparison
External validity No Yes?
2" order No No

construct assessment

Stratified® Stratified

1,067 1,047 (683)¢

- 57%

- No

No Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes

No Yes

No Yes; based on age-
group comparison

Yes No

No Yes

Notes. ®*CSAQ - Computer-assisted self-administered questionnaire; CAPI — Computer-assisted personal interviewing. "The sample design refers to the
selection of units within a panel. “Since the study was carried out on a sample of the general population, the analysis was run onlty on a sub-sample of

internet users (reported in parentheses). %) — No information reported in the study. *The analysis was run only on the long ISS.

The goodness-fit was

calculated only for four dimensions of the ISS (excluding Mobile sub-scale). 9The analysis was run only on the short ISS.

skills to create content of acceptable quality to be
published or shared with others online. (5) Mobile
skills — skills for using mobile devices proficiently.

To validate the proposed five-factor solution of the
ISS, van Deursen, Helsper, and Eynon (2014, 2016)
performed tests for discriminant validity and factorial
invariance (configural, metric, scalar, and uniqueness
invariance; Table 1). Discriminant validity was estab-
lished for all factor pairs, meaning that all the factors
can be identified as separate constructs. Configural
and metric invariance suggested that the proposed fac-
tor structures fit similarly in the NL and the UK. For
individual factors, measurement invariance compari-
son indicated excellent to moderate invariance on all
indicators, except for Social skills. van Deursen,
Helsper, and Eynon (2014) proposed a long form of
the ISS consisting of 35 items and a short form con-
sisting of 23 items, in which the Operational,
Information Navigation, Social, and Creative dimen-
sions are measured with five items and the Mobile
dimension with three items. On the large-scale survey
data (Dutch internet user population, N=1,107) using
the short version of the ISS, a CFA was performed,
which showed high reliability and good fit. In testing
whether the scales have similar characteristics

independent of the context or the population they are
in, the authors: (1) confirmed expected differences in
skill levels across different sociodemographic groups,
(2) demonstrated adequate convergent and discrimin-
ant validity, and (3) confirmed the scale’s consistency.
In 2019, Surian and Sciandra (2019) replicated the
validation of the long ISS on a sample of opt-in online
panelists (N=1,067) from Italy. The CFA results con-
firmed the five-dimensional structure of internet skills
and demonstrated adequate internal consistency, as
well as convergent and discriminant validity for all
five dimensions.

Testing of the ISS in the Slovenian context

The present large-scale validation of the short version
of the ISS in Slovenia builds upon previous work in
three ways. First, we collected data using random
probability sampling and computer-assisted personal
interviewing (CAPI). This is an important difference
between the present study and previous studies (i.e.,
van Deursen, Helsper, and Eynon 2014; Surian and
Sciandra 2019), which collected data using self-
administered questionnaires in an online panel. By
reviewing comparison studies focused on the online



population only, Callegaro et al. (2014) found that
“there is more and more evidence that respondents
joining online panels of nonprobability samples are
much heavier internet users, and more into technol-
ogy than the corresponding internet population” (47),
which poses a particular problem in countries with
relatively low internet use rates. By using CAPI and
random sampling, we attempted to reduce potential
non-coverage survey bias (Callegaro, Lozar Manfreda,
and Vehovar 2015), ensuring that internet users with
potentially very different levels of engagement with
ICT had the same probability of being surveyed. This
is very important in survey scale testing, because an
instrument should perform equally well in different
segments of a population with potentially diverse lev-
els of various internet skills.

Second, we extend the work performed by van
Deursen, Helsper, and Eynon (2014) by testing
whether the ISS dimensions have the same structure
and meaning for the groups of younger and older
internet users (i.e., testing their measurement invari-
ance). Our focus on age stems from the ongoing
debate about differences in internet skills among
younger and older generations (see section “Internet
skills and digital inequalities”). The requirement of
measurement invariance, i.e., ensuring that internet
users from different generations perceive and under-
stand survey items measuring internet skills similarly,
is expected to become even more important in the
future when scholars focus specifically on the internet
skills of older adults (Hargittai and Dobransky 2017)
or aim to study age-related differences in internet
skills. Although age 65 has been commonly applied as
the cutoff in research on older adults, Hunsaker and
Hargittai (2018, 3948) suggested that using a lower
age threshold “might better capture the differentiation
in findings across older adults, and better pinpoint
disparity.” Accordingly, we decided to apply a lower
age cutoff, defining younger internet users as those
aged 18-49years and those aged 50years or older as
older internet users. The selected age threshold is also
in line with Damodaran and Sandhu (2016) study,
which reported that ICTs learning interventions for
the older population in the UK often defined older
adults as people aged 50+. Similarly, the EU-funded
research project SHARE (Survey of Health, Ageing
and Retirement in Europe)’ focuses on individuals
aged 50 or older to better understand the aging
European population.

Third, we focus on validation of the core four
dimensions of the ISS (Operational, Information
Navigation, Social, and Creative skills) and work with
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20 items, excluding the dimension Mobile skills.* This
decision was made to retain the full sample of internet
users in the analyses (not all Slovenian internet users
are mobile internet users; SURS. 2017a, 2017b).
Equally important, the four core types of skills are
conceptually separate and are not linked to a specific
device, unlike Mobile skills (van Deursen et al. 2017).
In effect, the four core types are universally applicable
to all internet users regardless of the characteristics of
their internet access. Further, this strategy permitted
us to assess the criterion validity of each dimension of
the short version of the ISS with its corresponding
type of internet use as well as to test whether concep-
tually internet skills are a second-order construct with
four sub-dimensions as indicated by the compound
digital exclusion hypothesis (van Deursen et al. 2017),
which suggests that individuals who lack one digital
resource also lack other digital resources of the
same type.

Research questions

We sought to address four research questions:

RQI: Does the factor structure of the short version of
the ISS in Slovenia resemble the factor structure of the
original short form of the ISS, and if so, are the
convergent validity and divergent validity of the short
form adequate?

While RQ1 replicates some of the validation per-
formed by van Deursen, Helsper, and Eynon (2014,
2016), RQ2-RQ4 go beyond the existing research vali-
dating the short version of the ISS. In line with estab-
lished scale measurement procedures, we first examine
the factor structure of the short version of the ISS and
test its construct validity.

Following van Dijk (2005) model of successive
access (material, skills and usage) and van Deursen
et al. (2017) hypothesis of sequential digital exclusion
(van Deursen et al. 2017), we evaluate the criterion
validity of the scores of the short version of the ISS
by assessing their correlation with the intensity of cor-
responding types of internet use. While this approach,
which considers internet uses as “performed internet
abilities”, has been already applied to validate other
internet skills measures (see section “Internet skills
and digital inequalities;” Helsper and Eynon 2013; Litt
2013), it has not been yet used on the short
ISS. Therefore:

RQ2: What is the criterion validity of each of the four
dimensions on the short version of the ISS§?

We sought to determine whether the dimensions of
the short version of the ISS have the same structure
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and meaning for different groups of respondents. If
they do, we can be confident that the scale scores are
comparable across various population groups (Biichi
2016). To this end, we examine three types of meas-
urement invariance: configural, metric, and scalar.
Configural invariance provides evidence that the same
number of latent variables with the same pattern of
factor loadings, intercepts, and measurement errors
underlie a set of indicators. Metric invariance requires
that the pattern and the value of the factor loadings in
the measurement model (i.e., the strength of the rela-
tionship between the latent variable(s) and the
observed variables) should be statistically equal across
populations. Scalar invariance supports cross-group
comparisons of manifest (or latent) variable means of
the latent variable of interest (Putnick and Bornstein
2016). In digital inequalities research, for instance,
metric invariance is necessary for unbiased compari-
sons between (age, gender, and education) groups of
effects or correlations (e.g., with skills as an independ-
ent or dependent variable). Even if the item intercepts
varied (i.e., there is no scalar invariance), estimates
such as regression weights could be meaningfully
compared and offer insights into differential effects of
or on skills between groups. Scalar invariance, then, is
required if the interest is in comparing latent
means, i.e., the absolute level of skills between
groups. Although van Deursen, Helsper, and Eynon
(2014, 2016) showed that the ISS is an invariant
measure (taking into account configural, metric,
and scalar invariance) in a cross-country compari-
son between the NL and the UK, they also reported
many statistically significant differences in the cor-
relation matrixes between the scores of the short
version of the ISS comparing different age groups
(2014, 33). The present study extends their work by
evaluating the measurement invariance of the short
version of the ISS between younger and older inter-
net users.

RQ3: Does the short version of the ISS demonstrate
measurement equivalence between younger and older
internet users?

The short version of the ISS was designed as a
first-order construct with multiple indicators for each
dimension. Although there is considerable value in
distinguishing different dimensions of internet skills,
van Deursen et al. (2017) hypothesized that individu-
als’ levels of different types of internet skills are deter-
mined by their compoundness, allowing individuals to
achieve desired goals and function well in an online
environment when all levels of different types of skills
are high. Another analytical advantage of second-

order constructs lies in the ability to combine multiple
dimensions into one summative score. Some types of
comparative analyses and benchmark research on
digital inequalities would certainly benefit from a sin-
gle skill score (Dolnicar, Prevodnik, and Vehovar
2014). However, calculating a single summative score
would be possible only if the short version of the ISS
were found to be a valid second-order construct
(Brown 2015). Therefore:

RQ4: Does the short version of the ISS measure
internet skills as a second-order construct?

Methodology
Procedure

Data used in this study were gathered from the 2018
wave of the Slovenian Public Opinion Survey con-
ducted as part of the International Social Survey
Programme’ (ISSP) in Slovenia. The fielding period
was March through June 2018. Standard CAPI fielding
procedures for respondent solicitation (e.g., mailing
covering letters, multiple visits to a respondent’s
address in case of non-response) were applied. The
interviews were conducted in respondents’ homes and
lasted about an hour. No monetary or non-monetary
incentives were provided to participants.

The initial sample included 2,000 residents of
Slovenia, aged 18years or older, who were selected
from the Central Population Register (CPR). A two-
stage random sampling was used with stratification by
type of settlement (i.e., urban, rural) and the statistical
region of residence. The number of individuals
sampled within each stratum was proportional to the
population size of the target populations in the CPR.
The survey was completed by 1,047 respondents, a
response rate (RR1) of 57% after non-eligible cases
were excluded (AAPOR 2016). To ensure the sample
was representative, its composition was compared
with population data. The sociodemographic charac-
teristics of the sample were shown to closely mirror
the characteristics of the general population when
compared with data retrieved from the CPR according
to gender, age, region, and type of settlement.
Accordingly, no post-stratification techniques were
applied to correct the sample structure. The full sam-
ple characteristics are summarized in Table 2.

Questionnaire

Internet users responded to 20 items on the short ver-
sion of the ISS. In line with the original ISS, all items
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Variable Categories NY %
Gender Male 509 48.6
Female 538 514
Age 18-29 151 14.4
30-49 348 33.2
50-64 270 258
65+ 278 26.6
Education® Primary basic education or lower 177 17.0
Vocational or technical secondary education 225 216
General upper secondary education 321 30.8

Academic higher education
Employed, self-employed, farmer 567 54.2

Employment status

318 30.5

School-age youth, student 75 7.2
Retired 315 30.1
Other (homemaker, unable to work, unemployed) 90 8.6
Area of residence Urban 481 46.1
Rural 562 53.9
Internet use Internet users® 814 77.7
Non-users 233 22.3

Notes. N=1,047. ®The sample sizes vary owing to differences in the number of valid responses due to item non-
response and refusals. "Educational level reported according to the ISCED 2011 classification (UNESCO 2012).
“Internet users who used the internet in the past three months.

were measured on a five-point scale, ranging from 1
(“Not at all true of me”) to 5 (“Very true of me”), and
included an “I do not understand what you mean by
that” option, along with “Don’t know” and “Declined
to answer” options (see also Table A.1 in Appendix).

For assessing the criterion validity, measures of
four types of internet use were developed. Internet use
types were measured using a 16-item instrument,
adapted from the Oxford Internet Surveys (Dutton
et al. 2013) and the Slovenia Statistical Office (SURS.
2017a). The items mapped respondents’ specific types
of uses in the Operational, Information Navigation,
Social, and Creative domains (Table A.2 in
Appendix). Items were scored on a six-point fre-
quency scale ranging from 1 (“Never”) to 6 (“Several
times a day”). For each of the four use types, a com-
posite index score was created by summing the
observed values of the items in each type and dividing
the total by the number of items in the corresponding
type (Table A.2). The internal consistency of the index
scores was not computed, because the multi-item
indexes refer to formative constructs that are defined
by an aggregation of relatively independent indicators
(Diamantopoulos, Riefler, and Roth 2008).

All instruments reported in this study were trans-
lated into the Slovenian language using the TRAPD
(Translation, Review, Adjudication, Pretesting, and
Documentation) method (Harkness, Van de Vijver,
and Mohler 2003). Two independent translations were
first produced by research team members and later
reviewed by a third researcher, who also checked for
any potential translation annotations (e.g., for ambigu-
ous concepts) and compared the reviewed translation
with the original questionnaire. Before the translation

was approved, the reviewed version was also trans-
lated back into English by two research assistants.
Potential deviations from the original meanings of
scale items in the back-translations were discussed
among the research team members to obtain an
improved version. The approved translation was then
tested in a pilot study (N ~ 30) and corrected based
on the feedback from the pretest. Our goal was to use
exact translations of the original ISS items. However,
the process of translating and pretesting the question-
naire showed that four items had to be modified
slightly to make them fully understandable in the
Slovenian language and context.®

Data analysis

In addition to descriptive and bivariate statistics that
were used to identify potential violations at the item
level (e.g., outliers, non-normal distributions, paired
correlations), we combined EFA and CFA in a
sequence to address the research questions, because
EFA is a very useful first step in the measurement
model specification before the data are cross-validated
with CFA (Gerbing and Hamilton 1996). The primary
aim of EFA was to identify whether the underlying
factor structure of the items on the ISS as found in
Slovenian context was similar to that found in the NL
and the UK. EFA was also used to assess how well its
items were linked to the underlying factors if there
were no restrictions in the factor model, and to assess
the severity of any potential divergence from the ori-
ginal factor structure. Consequently, CFA was used to
specify the ISS first-order measurement model, to esti-
mate its convergent and discriminant validity, as well
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as to assess its measurement invariance. Criterion val-
idity of the ISS was evaluated with a set of multiple
linear regression models. Additionally, CFA was run
to verify whether the ISS could be considered as a
second-order construct. Descriptives, bivariate statis-
tics, EFA, and multiple regressions were performed in
IBM SPSS Statistics 24.0 (IBM. 2016), while CFA was
carried out in IBM SPSS Amos 24 (Arbuckle 2016).

Results
Exploratory factor analysis

Before EFA was run, the data were screened for uni-
variate outliers and missing data. In addition to the
missing values on single items due to refusals to
answer and “Don’t know” or “I do not understand
what you mean by that” answers, no out-of-range val-
ues were identified.” The minimum number of data
for factor analysis was satisfied, with a final sample
size of 683 (using listwise deletion), providing a ratio
of more than 29 per variable.

Initially, the factorability of the 20 items on the ISS
was examined by inspecting the zero-ordered
Pearson’s correlations between all pairs of items
(Table A.1 in the Appendix). The size of the correla-
tions (with absolute values between .20 and .80; Field
2013) for the majority of pairs suggested reasonable
factorability without indication of multicollinearity.
Additionally, the diagonals of the anti-image correl-
ation matrix were greater than .80. Therefore, we ran
EFA on all items. The maximum likelihood (ML)
technique was used with a varimax rotation of the fac-
tor loading matrix, without imposing restrictions on
the number of factors because: (1) the primary pur-
pose was to validate the instrument to be used on
other data sets, (2) such an approach can yield better
guidance for how to re-specify a model to obtain bet-
ter fit in CFA, and (3) we aimed to preserve analytical
consistency with ML-based CFA (Field 2013).

The initial factor solution yielded four factors with
an eigenvalue greater than 1.0, explaining 36.0%
(Operational skills), 10.1% (Creative skills), 8.7%
(Information Navigation skills), and 7.9% (Social
skills) of the variance, respectively. The initial factor
solution replicated the ISS factorial structure in terms
of the number of factors, but the analysis of the factor
loadings and communalities revealed that three items
had to be suppressed because they did not contribute
to a simple factor structure. Notably, items “I know
how to change who I share content with (e.g., friends,
friends of friends or public)” and “I know how to
remove friends from my contact lists” did not meet

the minimum criterion of having a primary factor
loading greater than or equal to .4 (Guadagnoli and
Velicer 1988) on the Social skills factor and cross-
loaded on other factors. The item “I find it hard to
decide what the best keywords are to use for online
searches” had to be removed because its value of
extracted communality was less than .2 (Child 2006).
To check whether the removal of these three items
improved the factorial structure, a ML factor analysis
on the remaining 17 items, using varimax rotations,
was rerun without further imposed restrictions related
to the number of factors. The results confirmed the
four-factor structure, with 67.0% of the variance
explained by the four factors and an average value of
extracted communalities of .58. Moreover, all items in
this solution had primary factor loadings greater than
or equal to .47. The few identified cross-loadings had
a ratio considerably below the .75 cutoff. The factor
loading matrix is presented in Table 3.

Confirmatory factor analysis

First-order factor model of the ISS

Measurement model. Based on the EFA results, a
first-order four-factor model was specified. The meas-
urement model contained no double-loading indica-
tors, and all measurement errors were presumed to be
uncorrelated. The factors were permitted to correlate,
based on previous evidence of the compound nature
of internet skills (van Deursen et al. 2017). As the
data had been screened in EFA to ensure their suit-
ability for the ML estimator,® they were entered in
CFA directly. The covariance matrix was used as the
model input.

The overall goodness-of-fit indices suggested that
the four-factor model fitted the data adequately (Hu
and Bentler 1999): x*(113) = 398.870, p < .001,
RMSEA = .061 (90% CI = .054-.067), CFI = .951. All
freely estimated unstandardized parameters were statis-
tically significant at a p value of less than .001
(Table 4). Factor loading estimates revealed that the
indicators were strongly related to their purported fac-
tors (range of loadings = .50-.96). Moreover, estimates
from the four-factor solution indicated a moderate rela-
tionship between the four dimensions, the lowest cor-
relation between Social and Creative skills (0 = .296)
and the strongest between Operational and
Information Navigation skills (0 = .538) (Table 5).

Convergent and discriminant validity. The internal
consistency of the dimensions on the ISS was esti-
mated with reliability and convergent validity (Table
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Table 3. Factor loadings and communalities in initial and final factor solutions of the short Internet Skills Scale.

Initial factor solution Final factor solution

# Internet Skills Scales Items Comm O IN S C Cmm O IN S C
01 | know how to open downloaded files. .65 73 .23 21 67 74 22 21
02 | know how to download/save a photo | found online. .80 .84 .80 .83 21
03 | know how to use shortcut keys (e.g. CTRL-C for copy, CTRL-S for save). .59 66 .24 28 .61 67 .22 29
04 | know how to open a new tab in my browser. 72 79 24 73 79 .23

05 | know how to bookmark a website. 72 78 .21 24 72 77 25
INT | find it hard to decide what the best keywords are to use for online searches. (R) 18 .38 — —_ - = —
IN2 | find it hard to find a website | visited before. (R) .36 .52 32 —29 47

IN3 | get tired when looking for information online. (R) 29 .52 28 .50

IN4 Sometimes | end up on websites without knowing how | got there. (R) .57 73 61 .76

IN5 | find the way in which many websites are designed confusing. (R) .58 72 .60 72

S1 | know which information | should and shouldn’t share online. 77 .84 73 .82

S2 | know when | should and shouldn’t share information online. 91 .92 .95 .95

S3 | am careful to make my comments and behaviors appropriate to the situation | find .26 22 46 .28 23 48

myself in online.

S4 | know how to change who | share content with (e.g. friends, friends of friends or public). .43 A 43 — _ - - —
S5 | know how to remove friends from my contact lists. .50 .55 37 — —_ = = —
C1 1 know how to create something new from existing online images, music or video. .60 .30 69 .58 29 .67
C2 | know how to make basic changes to the content that others have produced. 61 75 64 .78
C3 | know how to design a website. 43 65 46 .67
C4 | know which different types of licenses apply to online content. 42 62 44 .64
C5 1 would feel confident putting video content | have created online. 46 32 56 44 32 .55

Notes. N=660 (initial solution); N=683 (final solution). Comm = Communality. O = Operational skills, IN=Information Navigation skills, S=Social skills,
C=Creative skills. (R) indicates items measured on a reversed scale, which should be reverse-coded before averaging. Factor loadings < |.2| are sup-

pressed to improve readability.

Table 4. Factor loadings, convergent validity and reliability of
the short Internet Skills Scale.

Factor
Factor Item M (SD) Loading AVE CR o
Operational skills 01 442 (1.006) .82 70 92 92
02 89
03 78
04 85
05 .85
Information IN2 412 (0.873) .56 44 75 74
Navigation skills
IN3 53
IN4 73
IN5 79
Social skills S1 446 (0.701) .86 64 83 .81
S2 .96
S3 .50
Creative skills (@] 262 (1.182) .78 49 83 .83
Q2 77
3 63
c4 65
5 67
Notes. N =683.

Table 5. Discriminant validity of factors of the short Internet
Skills Scale.

Factor A Factor B 0 0? AVE A AVE B
0 IN 538 289 698 438
0 S 387 150 698 641
0 C 565 319 698 492
IN S 336 113 438 641
IN C 390 152 438 492
S C 296 .088 641 492

Notes. N=683. O=Operational skills, IN=Information Navigation skills,
S = Social skills, C = Creative skills.

4). The reliability of the scales was evaluated with
composite reliability (CR) and Cronbach alpha (o)
scores. The CR estimates for the scores on the four

factors within the ISS were good, with all values > .75
(Gefen, Straub, and Boudreau 2000). Likewise, the
Cronbach alpha scores revealed acceptable to high
internal consistency for all four factors, ranging from
o = .74 for Information Navigation skills to o« = .92
for Operational skills. On the other hand, convergent
validity, which refers to the expectation that measures
intended to capture related traits should be correlated
(Campbell and Fiske 1959), was not confirmed for
Information Navigation and Creative skills because
the value of the average variance extracted (AVE) was
< .50 for both factors. Nevertheless, as Fornell and
Larcker (1981) suggested that when CR is > .60, AVE
values > .40 can be accepted, the convergent validity
of all four factors was considered adequate.

Such findings allowed us to proceed with the esti-
mation of discriminant validity, which refers to the
expectation that measures of unrelated traits should
not be correlated (Campbell and Fiske 1959) and was
assessed with a comparison of the value of the shared
variance (estimated with the squared correlation 6%
and the AVE for each pair of constructs. For every
pair of constructs (columns A and B, Table 5), the
AVEs for both factors had to be larger than 0°
between them (Fornell and Larcker 1981, 45-46). This
criterion was met for all pairs of factors, supporting
the notion that each of the theoretically suggested
dimensions of the ISS showed adequate discriminant
validity (Table 5).
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Table 6. Summary of multiple regression analyses for criterion validity of the short Internet Skills Scale.

Factors® Operational use® Info. Navigation use Social use Creative use Validity
(0] .339%* 252%%* .304%* 216%* Confirmed
IN .083* J13K —.008 —.044 Partial

S —.029 .029 .025 —.107** Rejected
C 183%* 15K 321%% 40T Confirmed
F-test (df) 53.830 (679)** 32.741(678)** 72.160(679)** 56.853(681)**

Adj. R? 237 158 295 247

Notes. No = 680; Ny = 679; Ns = 680; Nc = 682. O =Operational skills, IN=Information Navigation skills, S=Social skills,
C=Creative skills. ®Mean scores were entered into models. "Only standardized regression coefficients (betas) are reported to

improve readability. ** p < .01, * .01 <p < .05.

Criterion validity. It compares the relationship
between a test and another “gold standard” measure
or test of that same construct that has established psy-
chometric properties and is known to be valid (Kline
1986). In this study, the concurrent criterion validity
was evaluated, i.e, we assessed the capacity of the
four ISS subscales to predict the performance on the
corresponding four types of internet use at a given
time. Notably, the criterion validity was confirmed if
the selected ISS subscale was: (1) the strongest pre-
dictor of the corresponding type of internet use, and
(2) its correlation with the corresponding type of use
was stronger than associations with other types of
internet use. If only condition 1 or condition 2 was
fulfilled, partial criterion validity was assessed for the
selected ISS subscale. Before the data were entered in
the linear regression model, the scale scores for all ISS
factors were calculated by averaging across correspond-
ing items, while scale scores for four types of internet
use were created as reported in the data analysis sec-
tion and are shown in Table A.2 (in Appendix).

Table 6 shows that all four regression models
explained an acceptable percentage of variance in dif-
ferent types of internet use. All F-tests with a p value
< .01 were considered statistically significant.
Criterion validity was fully confirmed for Operational
and Creative skills. Notably, Operational skills was the
strongest significant positive predictor (f = .339, p <
.01) of operational use, while Creative skills was the
strongest significant positive predictor (f = .401, p <
.01) of creative use; both showing at least moderate
criterion validity.9 In addition, the values of their
respective betas were the largest when compared to
their betas for other types of internet use. With
respect to Information Navigation skills, criterion val-
idity was only partially confirmed. Among all types of
internet use, information navigation use was the most
strongly  positively  correlated to Information
Navigation skills (f = .113, p < .01). However,
Operational skills were the strongest positive predictor
of information navigation use (f = .252, p < .01),
suggesting that they were a more important ante-
cedent of information navigation use than

Information Navigation skills. Finally, as Social skills
neither showed a significant correlation (f = .025, ns)
with social use nor were its strongest predictor [Social
skills were significantly correlated only with creative
use (f = —.107, p < .01)], its criterion validity was
not acceptable.

Measurement invariance. To assess the metric equiva-
lence of the ISS between the groups of respondents
aged less than 50 years and 50 years and older, measure-
ment invariance was estimated (Putnick and Bornstein
2016). Measurement invariance suggests that a con-
struct has the same structure or meaning for different
groups. Thus, the measure can be meaningfully tested
or constructed across two or more groups of subjects.
In this study, we evaluated measurement invariance in
three steps: configural, metric, and scalar.

In particular, multi-group CFA models were fitted
to the data for both groups simultaneously, by a con-
dition in which a test of configural invariance was fol-
lowed by increasingly restrictive tests of metric and
scalar invariance. Following Byrne (2010), at all three
steps, model invariance was evaluated based on the
CFI and > .900 as the cutoff value. To examine the
assumption of all three types of invariances, we used
ACFI < .010 as the cutoff value (Putnick and
Bornstein 2016).

As shown in Table 7, the CFI value (> .900) indi-
cated acceptable model fit for the ISS, suggesting con-
ditions that assumed configural invariance between
the two age groups. Moreover, the fit index performed
well in examining a hypothesis of metric invariance
with below the typical .010 cutoff value. In examining
relative model fit for scalar invariance, the ACFI value
(.022) suggested that the scalar invariance hypothesis
was not supported for both groups. Therefore, the
scalar invariance hypothesis was tested for each inter-
cept of the 17 items on the short version of the ISS,
to identify the source of non-invariance. Interestingly,
for all five items measuring Creative skills ACFI > .01
(see Table 8), the tests suggested that their intercepts
were scalar non-invariant.
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Table 7. Measurement invariance: tested models, fit indexes, and comparison against baseline model (i.e., Configural model).

Model description Description 7 df A Adf p(AYd) RMSEA (90% Cl)  CFl  ACFI
M1. Configural model  No equality constraints imposed 511.745 226 .043 (.038-.048) .946

M2. Metric model M1 + all factor loadings constrained equal 551.748 239 40.003 13 .000138  .044 (.039-.049) 941 .005
M3. Scalar model M2 + all indicator intercepts constrained equal 654306 252 142561 26 < .00001 .048 (.044-.053) .924 .022

Notes. Nigrar = 683 (Nyounger = 442, Nojger = 241).

Table 8. Scalar invariance analysis and comparison of unconstrained intercepts for Creative skills factor of the short Internet
Skills Scale.

Younger internet users Older internet users
Scalar model Equality constraint released CFl Intercept SE (Intercept) Intercept SE (Intercept)
M3 None 924 - - - -
M3.1 Intercept [C1] 927 3.674 .070 3.188 106
M3.2 Intercept [C2] 926 2.704 .071 3.091 106
M3.3 Intercept [C3] 958 2213 .072 2.721 .104
M3.4 Intercept [C4] 926 2378 .067 2.771 .097
M3.5 Intercept [C5] 931 3.819 .070 3.039 A

Notes. Niotar = 683 (Nyounger = 442, Nojger = 241).
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Figure 1. Second-order factor model of the short Internet Skills Scale with four first-order factors with standardized fac-
tor loadings.
Notes. N = 683. ®Explained first-order factor variance.

The ISS as a second-order construct. The results of  second-level factor because of the pattern of correla-
the first-order CFA showed adequate construct valid-  tions (0 matrix) among the four first-order factors
ity of the ISS, while indicating the viability of a meas-  (Table 5). To answer RQ4, a CFA second-order meas-
urement model with four first-level factors and one urement model of the ISS was specified (see Figure 1)
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and analyzed, using a three-stage approach devised by
Brown (2015).

In the first stage, we found that the fit of the
second-order solution was adequate: P(115) =
401.409, p < .001, SRMR = .051, RMSEA = .060
(90% CI = .054-.067), CFI = .951. Next, the second-
order model was found to be equally good-fitting
when compared to the first model: ;{Zdlﬁ(Z) = 2.538,
(p = .281)."° Thus, it could be concluded that the
model provides a good account for the correlations
among the first-order factors. Finally, Figure 1 shows
that each of the four first-order factors loaded
adequately on the second-order factor (range of load-
ings = .465-.854) and that the latter accounted for
22-73% of the variance in the first-order factors (e.g.,
Operational skills: 1 — .271 = .729). Because the
second-order factor model does not result in a signifi-
cant decrease in model fit, shows adequate factor
loadings, and explains enough of the first-order fac-
tors’ variance, we can conclude that there is consistent
evidence that the short version of the ISS is a second-
order construct. This also means that a single summa-
tive score for each respondent could be calculated
based on all items included on the short version of
the ISS (e.g., by averaging or summing the scores of
the items).

Discussion

Drawing on a national population survey, this study
investigated measurement characteristics of the short
version of the ISS in Slovenia— a medial country in
the EU in terms of internet use. It is the first study
that focused specifically on the short version of the
ISS and established its validity using survey data col-
lected face-to-face. Analytically, this study is the first
one to evaluate the criterion validity of the ISS and to

establish the ISS as a second-order construct
(Table 1).
RQ1 asked whether the ISS factor structure

observed in the Slovenian context resembles the ori-
ginal factor structure. In general, the answer is con-
firmatory; however, a detailed analysis of factor
loadings and communalities showed that three items
did not contribute to a simple factor structure.
Notably, two of them relate to the Social skill dimen-
sion: “I know how to change who I share content
with (e.g., friends, friends of friends or public),” and
“I know how to remove friends from my contact
lists.” They were eliminated because of low factor
loading and higher cross-loading on other dimensions
of the ISS. Because the two items contain language

usually connected to social network sites (SNSs) (i.e.,
“friends”, “friends of friends”, “share content”), it
could be that respondents who do not use or are very
low users of SNSs understood these items differently
from avid users. These two items also ask about spe-
cific and technically demanding actions. The remain-
ing three items that formed the Social skill dimension
are general and ask about an individual’s general ori-
entations toward online social behavior (know when/
which information to share, appropriate behavior
online). In fact, the Social skill dimension was also the
most problematic in the original study (van Deursen,
Helsper, and Eynon 2014). Clearly, further conceptual
and empirical research is needed in the area of Social
skills, which are vital in social and communicative
activities taking place online. The third item that had
to be removed was part of the Information Navigation
skill dimension: “I find it hard to decide what the best
keywords are to use for online searches.” Accordingly,
three of the four remaining items refer to the
“navigation” part of the dimension and only one to its
“information” part. This is not ideal, and future stud-
ies should consider including and validating the three
Information Navigation items that van Deursen,
Helsper, and Eynon (2016) proposed in the long form
of the ISS. Taken together, the final factor solution
suggests that the short version of the ISS consists of
17 items where Operational and Creative skills are
measured with five items, Information Navigation
with four items, and Social skills with three items (see
Table A.1).

RQ2 addressed the criterion validity of the ISS. It
was fully confirmed for Operational and Creative
skills, partially confirmed for Information Navigation
skills, and rejected for Social skills. Again, the dimen-
sion of Social skills had the poorest performance on
the criterion validity test. This is another indication
that this dimension needs further investigation and
validation in future research. However, in a compre-
hensive study of internet skills, uses, and outcomes,
van Deursen et al. (2017) found a direct positive rela-
tionship between social skills and social uses in infor-
mal networks, but not social uses in formal and
political networks. Similarly, Helsper and Eynon
(2013) found a strong relationship between social
skills and social uses. Both studies used somewhat dif-
ferent social engagement indicators. Lastly, the
observed range of standardized regression coefficients
suggests that for all four dimensions of the short ver-
sion of the ISS, the similarity between the test and the
criterion measure could be stronger. Although some
scholars demonstrated high correlations between self-



report measures of internet skills and internet uses as
indicators of “performed internet abilities” (Litt 2013,
620), this finding was somewhat expected. Namely,
the frequency and breadth of internet use may not
always reflect the level of internet proficiency (Helsper
and Eynon 2013; Litt 2013). Improvement of the sub-
stance and wording of the ISS items with concept
elicitation techniques therefore remains an important
avenue for future research.

Third, with respect to RQ3, younger and older
internet users in Slovenia conceptualized the construct
of internet skills similarly, with the same number of
factors, item—-factor association, and structural pattern.
Furthermore, younger and older internet users
responded to items on the short version of the ISS in
the same way, with no disagreement about how the
constructs were manifested. Although configural and
metric invariances were established for all four dimen-
sions, scalar invariance was not confirmed for
Creative skills. This result indicates that younger and
older internet users who have the same score for the
Creative skills dimension may not obtain the same
score on the corresponding scale indicators. Notably,
when younger and older Slovenian internet users have
the same overall value on a Creative skill dimension,
the younger ones tend to report higher average agree-
ment with “I know how to create something new
from existing online images, music or video” [C1] and
“I would feel confident putting video content I have
created online” [C5]. Older internet users, on average,
tend to agree more with “I know how to make basic
changes to the content that others have produced”
[C2], “T know how to design a website” [C3], and “I
know which different types of licences apply to online
content” [C4]. There are several possible explanations
for this finding. First, these differences could result
from different understandings of specific items among
younger and older internet users. The item [C1]
denotes the so-called “remixing” typical of digital cul-
ture. A possible explanation could be that this item
resonates differently with older internet users who
rate their ability to remix lower than younger users
do. Likewise, creating and uploading a video may be
considered an essential skill for younger internet
users, who were among first adopters of smartphones
and video services on social media. However, this line
of argument was reversed for items [C2], [C3], and
[C4], for which older internet users reported higher
values. This result could be a consequence of older
adults perceiving scant knowledge as substantial
knowledge. The line of argument could be as follows:
When you have more experience with a certain task,

THE INFORMATION SOCIETY 13

you are more aware of what it takes to perform the
task (efficiently). Thus, younger internet users who
are more familiar with online content creation (com-
pared to older internet users) may be more demand-
ing of themselves in terms of being aware of different
types of licenses, creating a website, or making
changes to content that others have produced.
Although we are not aware of any evidence-based
work that would support this rationale, the direct
implication of this finding is that caution is advisable
when comparing the (average) level of internet skills
among different age groups, particularly when data
sets are based on general population samples, which
include a higher percentage of less savvy (older) inter-
net users in comparison with (non-probability) online
panels (Callegaro et al. 2014). In this context, further
development of the ISS could include additional cog-
nitive interviews with younger and older internet
users that would inform possible modifications of cre-
ative skill items, as well as the validation of scalar
invariance with other sociodemographic variables,
such as education and occupation, as they may be
related to how respondents interpret the ISS items.

Finally, RQ4 tested whether a single summative
score can be calculated based on the short version of
the ISS. Because the first-order CFA solution was
good-fitting showing adequate convergent and dis-
criminant validity of the factors, and the magnitude
and pattern of correlations among factors in the first-
order solution was appropriate, we were able to fit the
second-order factor solution. The results showed that
“internet skills” can be defined (and measured) as a
valid second-order construct. On the one hand, this
result has high conceptual value, because it confirms
van Deursen et al. (2017) hypothesis of the compound
nature of internet skills suggesting that four conceptu-
ally distinct types of skills pertain to a latent structure
of a single high-order construct. On the other hand,
this result also has an applied value, because it justi-
fies the use of a single “internet skills” score based on
the short version of the ISS. Such a score is especially
useful in empirical studies where internet skills are
not the topic of primary interest but serve as an
important control variable. However, further research
would be helpful to test different approaches to sum-
ming the ISS items into a single score (e.g., averages,
factor scores) and determining the most appropri-
ate one.

Overall, the results indicate a stable four-dimen-
sional structure of the short version of the ISS that
corresponds to the results reported by van Deursen,
Helsper, and Eynon (2014, 2016) and Surian and
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Sciandra (2019). This means that the short version of
the ISS works as expected in the context of an average
digitally advanced country using a different survey
mode from that used in previous studies. This is an
important contribution to research in the field of
digital inclusion and skills in methodological terms. It
suggests that the short version of the ISS can provide
valid assessments of individuals’ levels of internet
skills in countries that are differently digitally devel-
oped using different survey modes. As researchers of
digital inequalities in general, and internet skills in
particular, have called for the development of reliable,
updated, and nuanced measures of internet skills that
are not context-dependent and thus, could be used in
diverse samples (Litt 2013; van Deursen, Helsper, and
Eynon 2016), the present study provides valuable evi-
dence that the short version of the ISS could be estab-
lished as such a survey instrument for measuring
levels of internet skills in a general population in dif-
ferent contexts.

Apart from the methodological contribution, the
results of this study also contribute to the ongoing
theoretical discussions of digital inequalities where
internet skills have been established as one of the
most important determinants. The results of criterion
validity assessment provide evidence for further test-
ing of the sequential digital exclusion hypothesis (van
Deursen et al. 2017). We showed that higher levels of
Operational, Creative, and Information Navigation
skills are related to levels of engagement with corre-
sponding internet use types. Such a relationship was
not confirmed for Social skills and uses, which calls
for further investigation. Theoretically, social uses of
the internet may be broader than other types of use
(Helsper 2012). Thus, social uses may require a whole
spectrum of internet skills, and different types of skills
may be needed for different utilizations of digital
social platforms. Therefore, for testing the sequential
digital exclusion hypothesis in the social domain fur-
ther conceptual exploration of Social skills seems
necessary. On the psychometric level, as mentioned
above, Social skills were the poorest-performing
dimension of the ISS, and items on this dimension
need additional validation.

As the internet is not only no longer a new tech-
nology but also always evolving with new internet-
enabled devices and applications being constantly
developed, the recursive relationship between skills
and uses also needs further investigation. Although
such an investigation would require a longitudinal
data set, the results of the study, which further con-
firmed the robustness of the ISS, indicate that the ISS

could serve as a medium- and content-related skills
assessment inventory in such a longitudinal study.

Finally, the analysis of measurement invariance
reinforced the ongoing debate about age and internet
proficiency (Hargittai and Dobransky 2017). Focusing
on the measurement issues related to assessing inter-
net skills among different generations, the present
study results reveal that it is very important that
measurement equivalence of employed measurement
models is achieved. Finding such an assessment inven-
tory (e.g., the ISS for Operational, Information
Navigation, and Social skills) is the first step in exam-
ining important questions such as how internet skills
may depend on actual age, period, or cohort effects.

The findings are set against the limitations of this
study. One shortcoming is that we worked with and
validated the four-dimensional short version of the
ISS and not the long ISS including all 35 items.
Testing the full instrument would allow for validating
the original selection of items that constitute the short
version of the ISS. Having additional items would be
especially helpful in determining the factor structure
of the Social and Information Navigation skills dimen-
sions, where a total of three items were omitted in the
present measurement model. Another limitation con-
cerns the test of criterion validity, which involved
examining correlations between different types of
skills and corresponding types of internet use. It
would be better if we could include other criterion
variables in the wvalidation, such as access to and
breadth of utilization of internet-enabled devices. In
addition, variables other than internet use, such as
outcomes of online engagement (see van Deursen
et al. 2017), could be employed in testing the criterion
validity of the ISS. Alternatively, the criterion valid-
ation could be carried out by comparing the scores of
the short version of the ISS with performance or
observation measures of internet skills (see Litt 2013).
Moreover, it would be helpful if tests of invariance
were performed for other socioeconomic variables
that have been proposed in digital inequalities
research, such as education, employment, and occupa-
tional status. Such additional testing of the measure-
ment equivalence of the ISS would warrant its use in
research comparing levels of internet skills across dif-
ferent sociodemographic groups, which could yield
important policy implications.

Conclusion

In conclusion, this investigation presented evidence of
adequate construct validity of the scores on the short



version of the ISS in a country that is medial in EU in
internet use, using face-to-face survey methodology.
Although small modifications were required in the ISS
inventory to enable the factorability of Social and
Information Navigation skills, the short version of the
ISS scores are consistent with previous research in
exhibiting reasonable levels of convergent and dis-
criminant validity across all scale dimensions.
Moreover, this study has extended research on the
measurement quality of the short version of the ISS
by evaluating its criterion validity and measurement
invariance. Referring to the latter, this study showed
that the short version of the ISS can be applied
equally well among younger and older internet users.
However, if researchers are interested in comparing
average scale scores for Creative skills between the
two generations, caution would be needed, because
the scalar equivalence of this dimension has not been
established. Likewise, mixed findings were observed in
terms of criterion validity. Unlike Operational and
Creative skills, which were found to have acceptable
validity, criterion validity was only partly supported
for Information Navigation skills and not confirmed
for Social skills. Therefore, further evidence is called
for based on other criteria variables and on samples
from other countries and cultures. There is also a
need to further evaluate the short version of the ISS
as a second-order construct. As the present study has
provided convincing evidence for a single summative
score of internet skills, it is hoped that these results
will facilitate research and yield further empirical evi-
dence in this area. This would allow wider inclusion
of the ISS in general social surveys and therefore,
enable more conceptually comprehensive and meth-
odologically rigorous research on internet skills and
digital inequalities in general.
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Notes

1. Also known as digital skills; see Scheerder, van
Deursen, and van Dijk (2017).

2. The short version of the ISS was also applied in a

small-scale non-representative study in Cuba, where

the authors tested the internal consistency of the scale

using Cronbach’s alpha (van Deursen and Solis

Andrade 2018).

http://www.share-project.org

4. We also ran EFA and CFA on the subsample of
mobile internet users employing the 23-item ISS. The
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results were comparable to the results presented in the
paper and are available as an online supplement.

5. More information about the ISSP is available at http://
w.issp.org.

6. Items that were modified are marked with an asterisk
(*) in Table A.1 in the Appendix.

7. Following van Deursen, Helsper, and Eynon (2014),
such responses were defined as non-valid values.
Accordingly, in multivariate models, units with such
responses were excluded from the analyses.

8. Alternatively, unweighted least squares (ULS) or
diagonally weighted least squares (DWLS) methods
could be used to estimate parameters. They could be
based on polychoric correlations appropriate for
ordinal data as opposed to the conventional covariance
matrix  treating the indicators as continuous
(Diamantopoulos and Siguaw 2013). The decision to
use ML estimators was based on the EFA results and
to keep the methods and estimates comparable with
the previous research on the measurement
characteristics of the ISS.

9. Innes and Straker (1999) described criterion validity
correlation coefficients of > .75 as good and those
that fall in the midrange of .50 to .75 as moderate,
whereas estimates of < .50 are deemed poor.
However, in practice, criterion validity coefficients of
> .60 are considered high, while those between .30
and .60 are considered moderate to good (Jang, Chern,
and Lin 2009).

10. Brown (2015, 296) noted that “a higher-order solution
cannot improve goodness of fit relative to the first-
order solution, where the factors are freely
intercorrelated.”
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Appendix A

Table A1. Means, standard deviations, and correlations of the short Internet Skills Scale items.

# Item M SD O1 02 O3 04 05 IN1 IN2 IN3 IN4  IN5 ST S2 S3 S4 S5 cl (@) a [N
01 | know how to open downloaded files. 444 1.108 1
02 | know how to download/save a photo | 447 1.108 .764 1

found online.

03 | know how to use shortcut keys (e.g. CTRL-C for 4.27 1290 .634 678 1
copy, CTRL-S for save).
04 | know how to open a new tab in my browser. 4.59 988 656 .754 637 1
05 | know how to bookmark a website. 441 1185 645 740 638 .753 1
IN1 ®1 find it hard to decide what the best keywords 378 1.388 .282 214 215 221 242 1
are to use for online searches (R).
IN2 | find it hard to find a website | visited before (R).  4.17 1.221 328 325 .332 384 334 473 1
IN3 | get tired when looking for information online (R). 4.08 1.178 228 .179 235 213 .169 .283 404
IN4 Sometimes | end up on websites without knowing  3.95 1.232 300 .271 .286 .276 277 250 366 .369 1
how | got there (R).
*| find the way in which many websites are 430 975 319 343 348 346 347 251 393 381 624 1
designed confusing (R).
S1 | know which information | should and shouldn’t 440 863 .297 .287 252 269 255 .118 .190 .174 171 252 1
share online.
S2 | know when | should and shouldn’t share 440 849 308 315 310 .304 .284 .160 .233 .159 .190 270 .835
information online.
S3 *I am careful to make my comments and behaviors 4.61 .713 212 .264 238 265 216 .103 .119 059" 061" .107 408 .462 1
appropriate to the situation | find myself
in online.
S4  *5| know how to change who | share content with  4.03 1341 429 478 445 437 481 .144 248 191 278 286 .295 .305 .232 1
(e.g. friends, friends of friends or public).
S5 I know how to remove friends from my 437 1.145 548 557 502 519 604 .175 255 127 235 248 307 333 256 672 1
contact lists.
C1 | know how to create something new from existing 3.23 1.613 .398 .425 440 .380 459 .109 205 .161 .280 .290 .228 .238 .121 494 478 1
online images, music or video.
C2 | know how to make basic changes to the content 245 1513 .326 .327 375 .283 .345 .104" 102 093 .144 206 .204 200 .075 .385 .334 .620 1
that others have produced.
C3 | know how to design a website. 208 1484 215 206 .264 .175 .197 064 099 .149 116 .126 .126 .156 .033" 273 238 412 543 1
C4 | know which different types of licenses apply to 222 1396 .248 261 .293 233 289 .106 .119 .137 166 .184 .212 .202 .101 306 .288 453 493 515 1
online content.
C5  *| would feel confident putting video content | 331 1.672 397 406 372 380 .429 .179 237 147 249 264 139 .161 .067 452 473 539 451 392 421 1
have created online.

IN

v

Notes. N = 660. Items with slightly changed wording in Slovenian language are marked with *. Items omitted from the final factorial solution in this study
are indicated with °. (R) indicates items measured on a reversed scale, which should be reverse-coded before averaging. Operational skills — average
items 01-05; Information Navigation skills — average items IN2-IN5; Social skills — average items S1-S3; Creative skills — average items C1-C5.
Instructions: “Please indicate on a scale from 1 = “Not at all true of me” to 5 = “Very true of me”, how much the following statements apply to you
when thinking about how you use the internet and technologies such as mobile phones (If you do not get what the question is referring to, tick the
box: “I do not understand what you mean by that”). Correlations that are not significant at p < .05 level are marked with T,

Table A2. Means, standard deviations of items measuring four types of internet usage.

Scale total

Item N Type of uses M (SD) M (SD)
Ordered or bought products or services online. 682 Operational 2.12 (0.955) 2.04 (0.740)
Use online banking. 682 Operational 2.56 (1.426)

Booked or bought airline tickets, transportation, accommodation and the similar. 682 Operational 1.72 (0.767)

Used online services of the public sector (for example eNapotnica, eDavki ali eUprava). 683  Operational 1.76 (0.929)

Read news. 680 Information Navigation 4.30 (1.443) 3.61 (0.939)
Looked for information about events. 682 Information Navigation 3.90 (1.278)

Searched for information about products or services. 683 Information Navigation 3.41 (1.267)

Searched for health information. 683 Information Navigation 2.82 (1.112)

Sent/received e-mails. 683  Social 451 (1.479) 3.58 (1.383)
Made calls or video calls (e.g. Skype, Viber, FaceTime). 682 Social 2.61 (1.645)

Used online social networks (e.g. Facebook, Twitter, Instagram). 681 Social 3.58 (2.082)

Sent messages (e.g. Facebook Messenger, Viber, WhatsApp). 683  Social 3.64 (1.995)

Publicly, without restrictions, shared photos, videos, music, or texts you have created yourself. 683 Creative 1.97 (1.204) 2.32 (0.924)
Published opinions on social or political issues. 683 Creative 1.38 (0.833)

Played games. 683 Creative 2.24 (1.448)

Watched or downloaded TV programs or movies. 682 Creative 3.68 (1.638)

Notes. *Sample size varies due to item non-response. All items measured on a scale from 1 = “never” to 6 “several times a day”.
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