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1

Introduction

The change towards a digital society is deemed to be a megatrend. In light of this,
information literacy (IL) is one of the key competences of the 21st century (Binkley
et al., 2012). IL may be conducive to social engagement, a self-determined life and
lifelong learning (Gapski and Tekster, 2009).
Persons born after 1980 are often referred to as ‘digital natives’ (Tapscott, 1997;
Prensky, 2001; Palfrey and Gasser, 2008). This indicates that they have been using digital
devices their entire life. However, there is evidence that using such technologies is not
necessarily accompanied by critical reflection (Kirschner and van Merriënboer, 2013).
For instance, ‘digital natives’ effortlessly use search engines and various sources.
However, they often deal naively with the information found (Fraillon et al., 2014;
OECD, 2015). In light of this, the call for an early integration of IL into school curricula
is not surprising (Argelagós and Pifarré, 2012; Fraillon et al., 2014). However, despite the
growing awareness about digital natives’ IL deficits, efforts to anchor IL systematically
as a curricular goal may be regarded as insufficient (Jones-Kavalier and Flannigan, 2006;
SERI, 2017).
To tackle this issue, we rely on the curriculum-instruction-assessment triad as a
framework. The key idea is that curriculum, instruction, and assessment have to be in
alignment for successful educational processes. The curriculum “consists of the
knowledge and skills in subject matter areas that teachers teach and students are supposed
to learn” [Pellegrino, (2010), p.4]. Instruction “refers to methods of teaching and the
learning activities used to help students master the content and objectives specified by a
curriculum” [Pellegrino, (2010), pp.4–5]. Assessment addresses “the means used to
measure the outcomes of education and the achievement of students with regard to
important competencies” [Pellegrino, (2010), p.5]. The paper at hand addresses the
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curriculum and assessment. To this end, we first present a model of IL that may act as a
curriculum for upper secondary students. In terms of assessment, we show how IL can be
measured using a performance test and a self-assessment instrument. In considering
self-assessment, we follow the call for more reflection by students in the learning
processes (Cope and Kalantzis, 2016). We validate both instruments by means of item
response theory (IRT). Moreover, we provide a proficiency level model of objective
information literacy (OIL) to allow for a criterion-referenced interpretation of test scores.
Concerning instruction, we give an outlook on how IL may be taught to ensure an
alignment of curriculum, instruction and assessment.
Both instruments, OIL and subjective information literacy (SIL), should be Rasch
scalable. In this case, specific objectivity is ensured, which may be a criterion for test
quality (Bühner, 2011). To check for Rasch scalability, we examined person
homogeneity, item discrimination and item homogeneity (Bühner, 2011). The following
research question structures our analyses:
RQ1 Are the developed OIL and SIL instruments Rasch scalable?
a Are the test instruments fair [absence of differential item functioning (DIF)]?
b Is the discrimination of the items identical?
c Does a seven-dimensional model show a better fit than a one-dimensional one?
To make the results of the OIL test interpretable, it is necessary to develop a proficiency
level model (Fraillon et al., 2015, 2019). This allows us to separate students into
meaningful levels. Each level is characterised by tasks that students of the respective
level are able to systematically solve, and that students at a lower level are not able to
systematically solve. Against this backdrop, we raise a second research question:
RQ2 What proficiency levels can be formed in terms of OIL?
Assessment is not an end in itself. Drawing on the curriculum-instruction-assessment
triad, the assessment has to be in alignment with the instruction. Instructional sensitivity
might be demonstrated because otherwise the instruments would not be able to detect
instructional treatments (Naumann et al., 2019). Thus, we formulate a third research
question:
RQ3 How does instruction influence SIL/OIL?
Assessing the relationship between SIL and OIL may be important for demonstrating
construct validity. OIL and SIL should be positively related (Rosman et al., 2015): the
same construct is measured with different methods. However, the strength of the
relationship could be gender dependent. Lundeberg et al. (1994) conclude that women
and men both overestimate their performance, but men do so more strongly than women.
The IEA’s International Computer and Information Literacy Study (ICILS) provide
empirical evidence on this gender issue (Fraillon et al., 2019). In light of this, we
formulate the following research question:
RQ4 What is the relationship between OIL and SIL?
a How strong is the overall relationship between OIL and SIL (quality of
self-assessment)?
b Do men overestimate their IL more so than women?
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Review of the literature

Overall, there may be a lack of suitable standardised measurement frameworks and
methods for capturing IL, in particular for the secondary level. ICILS focuses on the
lower secondary level [for the first time in 2013, for the second time in 2018 (Fraillon
et al., 2019)]. Furthermore, prior research only provides insights into certain aspects of
IL, such as the evaluation of sources [see, for example, the study by McGrew (2020)
as an intervention in civic online reasoning]. In a systematic literature review,
Stanoevska-Slabeva et al. (2015) identified seven central IL facets. In this respect, we
define IL as the ability and willingness to:
1

identify information needs

2

select information sources

3

access information

4

evaluate

5

use it

6

present it

7

reflect on both the process of information retrieval and processing, as well as the
results.

The following section describes these seven facets:
1

Information is required to make decisions and solve problems (Bruce, 1999).
‘Information needs’, as the first step, addresses the identification of required
information in comparison with already available knowledge (ALA, 1989; Bruce,
1992; Rader, 2003; UNESCO, 2003; Livingstone et al., 2005; ACRL, 2000).
Evidence for this facet may be the delineation of an ill-defined problem, for example,
a 15-minute presentation on the UNESCO.

2

The facet ‘information sources’ differs substantially between the reviewed studies.
The term IL originally comes from the library sciences. Here, the sources of
information are classical libraries. In the age of the internet, however, the
information-base has changed dramatically. In particular, online encyclopaedias, data
from public authorities, and social media are now important sources of information.
Social media plays a special role: in contrast to conventional sources, information is
not only sought (Jones-Kavalier and Flannigan, 2006), but also jointly generated,
presented and shared (Livingstone et al., 2005). Since we aim at a broad
understanding of IL, we explicitly consider social media as a source of information.
An evidence of this would be the selection of sources that provide up-to-date
information, such as the Twitter account of the UNESCO.

3

The ‘information access and seeking strategy’ is part of all reviewed IL definitions
(ALA, 1989; Bruce, 1992; Braun, 1997; Rader, 2003; UNESCO, 2003; Livingstone
et al., 2005; Chaka, 2009; ACRL, 2000). Accessing information depends on the
information source. Formulating adequate search strings using Boolean operators
might be evidence for the competent use of search engines. In the case of social
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media, an evidence would be the formulation of an appropriate question in an online
forum.

4

The retrieved information is of varying quality, especially if social media is utilised
as a source. Hence, ‘information evaluation’ is necessary before it can be used
(ALA, 1989; Marshall, 2006; Miller and Bartlett, 2012; Bruce, 1992; Braun, 1997;
Rader, 2003; UNESCO, 2003; Livingstone et al., 2005; Chaka, 2009; ACRL, 2000).
The key evaluation criteria in this process are reliability and relevance. An example
would be an accurate assessment of the quality of different answers to a question in
an online forum.

5

In the phase ‘information use’, Bruce (1992) and Rader (2003) also address moral
aspects. Those may be strongly culture dependent. Against this backdrop, we restrict
ourselves to the adherence to rules that apply across national borders. The main
aspects of ‘information use’ are extracting and paraphrasing information from the
evaluated sources. An evidence for this may be appropriately citing others’ work.

6

Depending on the objective of the search, the obtained information may be
presented. ‘Information presentation’ is particularly relevant when using social
media. An imprudent publication of content might cause serious disadvantages for
the individual. Our literature review indicated that presentation is rarely an
independent facet of IL. An exception is Marshall (2006). The appropriate
publication of information on social media channels might be evidence for this facet.

7

Phases 1 to 6 have to be reflected on with regard to the achievement of objectives in
order to learn for the future (Rader, 2003). Evidence for ‘information processing and
reflection’ might be the appropriate selection of criteria for assessing the success of
phases 1 to 6.

The seven facets do not follow a strict linear sequence. Rather, they are performed
iteratively. The process is accompanied by permanent reflection on the procedure and the
obtained results. The seventh facet thus forms the centre of the information process and is
interconnected with all six other facets. Figure 1 summarises our 7i model of IL.
After the delineation of the curriculum, we reviewed available instruments that are
suitable for assessing IL. Due to its advantageous psychometric properties (Hartig and
Frey, 2013), the instrument should meet the requirements of the IRT. Moreover, a good
fit of the instruments with the characteristics of the target group (upper secondary level)
is crucial. Instruments from the higher education context are therefore not directly
helpful. Overall, two instruments meet our requirements: the work of Balceris (2011) and
Marshall (2006).
Balceris (2011) developed 168 test items for measuring IL. They mainly comprise
situational judgement tasks (McDaniel and Nguyen, 2001), i.e., they describe an incident
where the test taker has to assess the quality of potential actions. This kind of task may be
suitable for evaluating IL (Rosman et al., 2016). Balceris (2011) successfully validated
his instrument by means of confirmatory factor analyses in a sample of ninth graders at
German high schools. However, he neither explicitly takes into account social media as a
source, nor does he consider our IL facet ‘information presentation’.
Marshall (2006) uses self-assessments to measure IL. His questionnaire comprises
40 items. The items primarily cover whether students think they are able or not to
perform certain actions. Like Balceris (2011), Marshall (2006) does not explicitly
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consider social media. However, the facet ‘information presentation’ is included.
Marshall (2006) successfully performed reliability analyses (Cronbach’s alpha > .85).
A critical point is the reliance on self-assessment. The instrument therefore may be
unsuitable for summative assessments; however, it may be suitable for formative
assessment and as an instrument for critical reflection.
Figure 1

7i IL model (see online version for colours)

Source: Stanoevska-Slabeva et al. (2015)

3

Method

3.1 Developing instruments for assessing IL
The work of Balceris (2011) and Marshall (2006) is the starting point for the
development of our test instruments. This is necessary to ensure alignment between
curriculum and assessment, i.e., the instruments should exhaustively cover the facets
of the 7i model. An international research consortium with members from Austria,
Germany, Lichtenstein, and Switzerland was involved in the development and selection
process. The aim was to capture IL objectively (OIL) by means of a performance test,
and subjectively (SIL) by means of a questionnaire.

3.1.1 Objective information literacy
Since ‘information presentation’ is not part of the task pool, we have constructed items
for this facet. Furthermore, we have developed items in the realm of social media. We
paid strict attention to local stochastic independence when designing and selecting items
and ensured that all items could be solved independently of each other.
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Due to the test validation process, we expected an exclusion of approximately 40% of
the initial items (Baethge et al., 2006). Thus, we included 89 items in order to achieve a
decent reliability (> .80) even after the removal of 40% of the initial items.
The test comprises two types of situational judgement items:
1

A behaviour in a given situation has to be assessed using a four-point scale ranging
from ‘entirely appropriate’ to ‘entirely inappropriate’. The quality of the response is
measured using partial credits. Concordance with the expert assessment is coded
with ‘2’, the deviation by one step with ‘1’, and all stronger deviations with ‘0’.

2

In single-choice tasks, behaviours in a concrete situation have to be assessed. Since
only one alternative is appropriate, these items are binary coded.

An example for type 1 is depicted in Figure 4, and for type 2 in Figure 5. Due to the
selected-response format, all answers can be coded automatically. The objectivity of the
coding is therefore optimal.

3.1.2 Subjective information literacy
We have adapted Marshall’s (2006) questionnaire analogously to OIL and considered
all seven IL facets. This resulted in 29 items. Persons have to assess themselves on a
five-point rating scale from ‘applies entirely’ to ‘does not apply at all’. Sample items are
‘I can pick up a complex topic and break it down into meaningful, simpler parts’, ‘I know
how to access different social media platforms (e.g., Wikipedia or Facebook) to search
for specific information’, or ‘I can correctly classify comments and information from
social media platforms’.

3.2 Sample
To answer our research questions, we used a sample of N = 432 students nested
in 23 classes from Germany (24.9%), Austria (21.7 %), Lichtenstein (7.8%) and
Switzerland (45.6%). Of the students, 53.3% were female. 17.3% attended the 9th grade,
11.5% the 10th, 14.1% the 11th, 37.3% the 12th, and 19.8% the 13th. 37.8% are from
high schools, 55.7% from vocational schools leading to the Abitur, and 6.5% from
vocational schools not leading to the Abitur. On average, the test subjects were about
18 years old (SD = 2.02 years).1 They performed the OIL and SIL instruments as an
online questionnaire in Unipark under the supervision of teachers. Although participation
was voluntary, only 1.85% values were missing.

3.3 Dealing with missing values and outliers
Missing values occur only in the OIL and SIL items, not in the context and control
variables. Due to the (marginal) maximum likelihood method used in the parameter
estimation, we considered those as ‘not present’ (Finch, 2008).
The exclusion of persons as outliers is problematic in the context of test validation
(Rost, 2004). However, outliers could lead to biased results when investigating RQ3
with an ordinary least squares regression. Hence, we identified potential outliers using
studentised residuals. We then tried to identify the reasons and take appropriate means.
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3.4 Ensuring Rasch scalability (RQ1)
Due to partly correct solutions (OIL) and several possible levels in self-assessment (SIL),
we relied on a partial credit model (PCM) (Masters, 1982). All statistical analysis was
carried out using R version 3.6.0 (R Core Team, 2019).

3.4.1 Person homogeneity and item discrimination
Using Andersen’s (1973) likelihood ratio test (LRT), we checked for person homogeneity
(test fairness) by means of DIF analysis. We formed groups on the basis of the median of
the raw score of the test (level of IL), type of school, grade, gender, country of origin, and
age (above and below average). We performed these analyses for all seven IL facets. In
the case of a significant LRT, we conducted post hoc tests to exclude items with
significant DIF effects. Following Koller et al. (2012), we chose a significance level of
10% and applied a Bonferroni correction. Since we carried out the LRT six times, we
divided the significance level by six. To perform the LRT, we used the eRM package in
R (Mair et al., 2018).
To examine item discrimination, we checked the extent to which the empirical item
characteristic curves (ICC) differ from that implied by the Rasch model (Wilson, 2005).
In line with the PISA study, we set 0.8 to 1.2 as an acceptable Infit (OECD, 2014). To
carry out the analyses, we utilised the TAM package in R (Robitzsch et al., 2018).
Figure 2

Illustration of one-dimensional, seven-dimensional and bifactor model
Information Literacy

Onedimensional

1.i

2.i

3.i

4.i

5.i

6.i

7.i

5.i

6.i

7.i

Sevendimensional

Information Literacy

Bifactor
1.i

2.i

3.i

4.i

3.4.2 Item homogeneity
The 7i model implies a seven-dimensional structure. First, we examined whether a
seven-dimensional model is superior to a one-dimensional solution. In addition, we
assessed whether, in addition to the seven dimensions, an overarching factor in the sense
of a general IL can be extracted. To this end, we examined whether a bifactor model
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(Reise, 2012) shows a better fit to the data than a seven-dimensional model. In a bifactor
model, the seven-dimensional structure is taken into account using seven factors.
Moreover, the items load on a general factor. By definition, the eight extracted factors are
orthogonal. We checked the relative fit of the three models with a LRT (Glas and
Verhelst, 1995) and using the information criteria AIC and BIC (Vrieze, 2012). For the
described analyses, we relied on the TAM package in R and used a marginal maximum
likelihood estimator. Figure 2 illustrates the three models.

3.4.3 Reliability
We gauged the reliability of OIL and SIL by means of two measures (Adams, 2005):
1

The expected a posteriori based on plausible values (EAP/PV) estimation, which
shows if the order of the item difficulties could be replicated in another group of
students of similar IL (item separation reliability).

2

The weighted maximum likelihood estimation (WLE) reliability which indicates if
the estimated IL of the students could be replicated using other items of similar
difficulty (person separation reliability).

3.5 Proficiency level model (RQ2)
To form proficiency levels, we applied the approach used by the PISA study [OECD,
(2017), pp.276–287]. The cognitive taxonomy of Marzano and Kendall (2007, 2008) acts
as a theoretical background. Marzano and Kendall (2007, pp.37–53) separate four levels
in terms of cognitive complexity: retrieval, comprehension, analysis and knowledge
utilisation. Each level is characterised by specific processes, e.g., comprehension by
‘integrating’ and ‘symbolising’. We use this taxonomy to classify the items of our OIL
test. Inspecting the Wright map, we opted for three proficiency levels with a width of 0.5
logit each. We do not distinguish between analysis and knowledge utilisation because
only one student in our sample would be on the fourth level. Like in the PISA study, we
selected a response probability of 62%. This means that a student at the bottom (top) of a
proficiency level solves an item at the bottom (top) of the proficiency level with a
probability of 62%. A student at the bottom of a level solves an item at the top of the
level with a probability of 50%. A student at the top of a level solves an item at the
bottom of the level with a probability of 73%.

3.6 Instructional sensitivity of OIL/SIL (RQ3)
We investigated the influence of school instruction on OIL and SIL by means of a linear
regression. The WLE of IL acted as the dependent variable. The WLE are, similar to
the PISA studies, standardised to M = 500 and SD = 100 in order to facilitate the
interpretation of the regression results.
The test persons’ grade acts as a measure of received school instruction. For the
extent of IL-related content received in school, we used a binary item from the context
questionnaire: ‘I have used Wikipedia in class because my teacher wanted me to perform
a task with this tool’ (M = .71, SD = .45). We also asked about the use of other platforms,
such as Twitter. However, such platforms are rarely used in lessons and therefore show a
very low variance; hence, we will not consider them any further.

Assessing subjective and objective information literacy

91

As control variables, we used type of school, country of origin, gender, year of birth,
test motivation, and home use of Wikipedia for school purposes. The school type serves
as a proxy for cognitive ability and interest structure (general education vs. vocational
education). Controlling for the country of origin is particularly important in order to take
into account varying instruction intensities due to differing curricula. According to Taylor
and Dalal (2017), gender is a predictor for IL and is therefore also inserted as a control
variable. Controlling the age of test takers is necessary because it correlates highly with
the grade (r = .58, p < .01). By doing so, it is possible to separate the influence of grade
(proxy for received instruction) and age (proxy for life experience) on OIL and SIL. If
Wikipedia is used in class, it is likely that the test persons also use this platform beyond
the classroom setting. To control for this, we used the binary item ‘I have used Wikipedia
for school for the last half year (e.g., for research)’ (M = .88, SD = .32). The correlation
(Pearson) with class use is .20 (p < .01).
Our data was collected in a low-stakes context. A lack of test motivation can impair
the validity of the results (Wise and DeMars, 2005). To control for test motivation, we
used the idea of the measure ‘response time effort’ (Wise and Kong, 2005). Since no data
are available for the processing times of the individual items, we relied on the total
processing time. After inspection of the entire test, we considered a minimum processing
time of 15 minutes to be appropriate. In less than 15 minutes, it is not even possible to
read all the questions and tick the correct answers. If the processing time is less than this,
we classified the person as unmotivated (binary variable). Twenty-three subjects were
classified as unmotivated in this way.
The data show a cluster structure (students nested in classes). Since we are only
interested in individual effects, we do not use multilevel modelling, but cluster-robust
standard errors (McNeish et al., 2017; Pustejovsky and Tipton, 2018).

3.7 Relationship between OIL and SIL (RQ4)
Pearson’s correlation served as a global measure of the relationship between OIL and
SIL. To check whether men overestimate themselves more than women, and vice versa,
we used the difference between OIL and SIL as the dependent variable in a regression
design. Both variables are standardised to M = 500 and SD = 100. The independent
variables correspond to those described in the previous section (RQ3).

4

Results

4.1 Testing Rasch scalability (RQ1)
4.1.1 OIL: person homogeneity and item discrimination
Of the 89 items, 48 showed significant DIF effects; we therefore excluded them from the
further analysis. The Infit of the remaining items lies between 0.98 and 1.05. Significant
deviations from the ICC implied by the Rasch model do not occur (p > .73).
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4.1.2 OIL: item homogeneity
The seven-dimensional model shows a better fit than the one-dimensional model
(Δχ2 = 188, df = 27, p < .01); this is also the case when taking into account the model
complexity using AIC and BIC. The bifactor model in turn shows a better fit than the
seven-dimensional model (Δχ2 = 632, df = 39, p < . 01); considering model complexity
(AIC and BIC) does not change the order. In light of this, we use the bifactor model for
further evaluations. The fit values of the models are summarised in Table 1.
Table 1

Deviation
Parameter

Fit values for OIL (N = 432)
One-dimensional PCM

Seven-dimensional PCM

Bifactor PCM

27,599

27,408

26,963

69

96

108

AIC

27,734

27,600

27,179

BIC

28,015

27,990

27,619

The EAP/PV reliability of the general factor of the bifactor model is .84, the WLE
reliability equals .88. The reliability of the other seven factors ranges between .22 and
.66. Therefore, the individual facets are not interpreted any further. The OIL estimated
with the one-dimensional model correlates (Pearson) with the general factor of the
bifactor model with .93.

4.1.3 SIL: person homogeneity
Of the initial 29 items, 17 were removed due to a lack of person homogeneity. The Infit
of all remaining items lies between 0.98 and 1.01. There are no significant deviations
from the ICC implied by the Rasch model (p > .68).

4.1.4 SIL: item homogeneity
The seven-dimensional PCM fits better than the one-dimensional model (Δχ2 = 138,
df = 20, p < .01), also in terms of AIC and BIC. The seven-dimensional PCM has a better
fit than the bifactor model (Δχ2 = 21, df = 9, p < .01); the seven-dimensional model
shows a higher BIC, but a lower AIC. The fit values of the three models are summarised
in Table 2.
Table 2

Fit values for SIL (N = 432)
One-dimensional PCM

Seven-dimensional PCM

Bifactor PCM

Deviation

12,440

12,303

12,324

Parameter

49

69

60a

12,539

12,441

12,444

12,736

12,720

12,686

AIC
BIC
Note:

aThe

lower number of estimated parameters in the case of the bifactor model can be
attributed to the fact that there are no more items of the second IL facet.

Since in the case of the seven-dimensional model, the reliability of the single facets is too
low (min = .59, max = .72) and because comparability with the results of the OIL should
be ensured, we used the general factor of the bifactor model for the following analyses.
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The EAP/PV reliability equals .75 and the WLE reliability .77. The correlation (Pearson)
of SIL estimated with the one-dimensional model and the general factor of the bifactor
model equals .92.

4.2 Proficiency level model (RQ2)
The Wright map shows a good fit between the ability of the test taker and the difficulty of
the items (see Figure 3).
Figure 3

Wright map of OIL
STP
804
785
766
747
728
709
689
670
651
632
613
594
574
555
536
517
498
479
459
440
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402
383
364
344
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306
287
268
249
229
210
191
172
153
134
114
95
76
57
38

Logit
2

Students Items

Level

X

4.202.2
1.5
1.66.2 3.369.2
4.109.2 7.164.2
1

XX
XXXX
XXX
XXXXXXXXXXXXXXXXX

0.5

XXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXX

1.62.2 6.374.2
3.369.1 4.108.2 6.451
6.373.2 7.174.2
2.85.2 3.99.2 4.352 5.147
1.65.2 3.366.2 5.141.2 5.149
1.59 5.443 7.175.2

III

II

XXXXXXXXXXXXX

0

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXX

–0.5

XXXXXXXXX
XX
XXXXXXXX
XXXX

–1

XXX
XXX
X

–1.5

7.168.2
6.374.1
I
2.83.2 4.201.2 5.139.2 6.450 7.171.2
4.108.1 5.138.2 5.142.2 5.440 7.163.2 7.170.2
2.85.1 4.202.1
4.111.1 7.172.2
1.62.1 2.83.1 7.173.2
1.66.1 3.99.1
5.444
5.141.1
5.139.1 7.173.1
3.366.1 5.142.1 7.172.1

XX
X
X

–2
X

–2.5

4.111.2 5.138.1 6.446 7.170.1
5.442 6.373.1
6.359 7.163.1 7.168.1 7.171.1 7.174.1 7.175.1
4.201.1 5.438
1.65.1

4.109.1
X

7.164.1
–3

X

Notes: Each ‘X’ represents two cases. STP = standardised points: M = 500, SD = 100.
The item code is structured as follows: F.N.P, where F indicates the facet of the
7i model, N the internal number of the item, and P the partial credit category
(1 and 2). In the case of a dichotomous item, P is omitted. Items in bold are anchor
items (see Figures 4 to 6).
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Hence, we are able to select suitable anchor items to describe the proficiency levels.
Since the response probability is set at 62% and anchor items may be selected from the
bottom of a level, these items are located 0.5 logits below the start of the level in the
Wright map. For instance, item ‘3.99.1’ is an anchor item for Level I (see Figure 3). In
the following section, we will describe the proficiency level model on the content level.
The metric is standardised points (STP) with M = 500 and SD = 100.
Below Level I, students are not able to solve basic IL tasks, such as covered by item
‘3.99.1’ (see Figure 4). Of the students in our sample, 17% are below Level I.


Level I (440 to 517 STP): Students show a basic knowledge of the information
process. They are able to avoid serious mistakes. Students on this level may search
for information on their own, but have to rely on support to achieve meaningful
outcomes. An anchor item for Level I can be found in Figure 3. Of the students in
our sample, 39% are on Level I.



Level II (517 to 594 STP): Students demonstrate a comprehension of the information
process. They are able to select appropriate information sources, extract information,
assess reliability as well as relevance, and adequately present their results. For
instance, they rely on newsletters if they are interested in the latest news and
developments. They also show a basic understanding of copyright issues, for
example, concerning the use of social media content. However, they may not be able
to carry out complex information processes. An anchor item for Level II is depicted
in Figure 5. Of the students in our sample, 32% are on Level II.



Level III (above 594 STP): Students are able to analyse problems in the information
process. This means they may independently perform complex information
processes. They use very suitable information sources, extract information from
complex sources, and choose very suitable ways for presenting their results. An
anchor item can be found in Figure 6. Of the students in our sample, 12% are on
Level III. We do not distinguish a fourth level. Level IV would comprise, in line
with the taxonomy of Marzano and Kendall (2007), finding novel approaches to
tackling information processes. However, we do not regard this as necessary for
upper secondary students. Moreover, only one student in our sample would be on
this level.

Figure 4

Anchor item for Level I

Item 3.99.1
A friend of yours would like to inform herself about a certain topic. She decides to post her
questions in a student forum.
How do you rate the following action of your friend within the forum?


After half an hour she still has not received an answer; she writes another post to draw
attention to her question.

Correct answer: rather inappropriate
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Anchor item for Level II

Item 5.138.2
Imagine you have to give a presentation in collaboration with three of your classmates on a
current topic (e.g., presidential elections in the USA). You decide that everyone will collect
information on your topic for the next lesson.
In the next lesson, you will present your results to each other. Your friends choose very different
approaches.
How would you assess the individual procedures for organizing information, which should serve
as a basis for further presentation?


A friend has created a summary in her own words from all the information she has found.

Correct answer: entirely appropriate

Figure 6

Anchor item for Level III

Item 1.59
Imagine, your best friend calls you and asks you: “Could you please help me with my research
on the Swiss Federal President, since I have to give a presentation about him tomorrow?”
What would you most likely say to help your friend with her problem? Please tick only
one answer.






“What have you already found out?”
“I’ll find out something about the Federal President on the internet immediately and then call
you back.”
“Does the Federal President have a profile on a social media platform, for instance
Instagram or Twitter?”
“What exactly is your presentation about?” (correct answer)
“Let’s just look together for information on the internet.”

Table 3 summarises the proficiency level cut-offs and percentages of students at each
level.
Table 3
Level

Proficiency level cut-offs and percentages at each level
Logit
Equal or higher than

Below I

Standard points (STP)
Below

Equal or higher than

–0.375

Below
440

Percentages
17

I

–0.375

0.125

440

517

39

II

+0.125

+0.625

517

594

32

III

+0.625

594

12

4.3 Instructional sensitivity of OIL and SIL (RQ3)
Based on the residual analyses, we identified two potential outliers that we inspected. The
first person’s responses did not show any variance. For the second person, there was no
variance from about halfway through the test onwards. We decided to exclude these
two observations for the regression analysis. Results for the regression analysis are
depicted in Table 4.
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Table 4

Influence of control variables and instruction on OIL and SIL (N = 430)

Variable

(1)

(2)

(3)

Intercept

327.06*** (43.16)/
356.37*** (56.99)

298.18*** (42.25)/
350.22*** (60.54)

275.73*** (41.97)/
329.21*** (56.56)

BS_w_Abi

11.32 (16.06)/
11.82 (20.72)

13.24 (11.63)/
12.23 (21.21)

15.62 (12.14)/
13.13 (20.73)

BS_o_Abi

–28.25 (24.84)/
9.98 (18.26)

–34.73 (20.41)/
8.60 (17.05)

–29.53 (19.15)/
9.85 (17.70)

AT

–33.51 (23.55)
–1.67 (19.21)

–26.46 (14.68)/
–0.27 (17.18)

–30.47 (15.60)/
0.15 (18.34)

LI

–26.29 (20.85)/
8.26 (25.98)

–31.45* (14.68)/
7.16 (27.08)

–28.47 (14.51)/
6.80 (25.88)

CH

–14.89 (15.80)/
–36.18 (19.04)

–13.70 (9.60)/
–35.93 (18.85)

–14.60 (10.58)/
–37.23* (18.26)

Female

19.57* (8.53)/
–2.04 (11.81)

19.97* (8.60)/
–1.94 (11.87)

17.11* (8.41)/
–2.68 (11.45)

190.06*** (42.18)/
167.27** (55.47)

194.38*** (42.47)/
168.19** (55.90)

192.55*** (40.56)/
166.66** (54.53)

0.32 (2.67)/
2.39 (3.57)

–2.76 (3.14)/
–3.04 (3.50)

–2.81 (3.65)/
3.11 (3.68)

9.71** (3.49)/
2.07 (4.83)

9.51** (3.58)/
2.14 (4.67)

Test motivation
Age
Grade
Wiki_school

12.76 (13.05)/
22.21 (21.92)

Wiki_lessons

20.09* (8.09)/
4.19 (10.68)

2
R 2 , R adj

.29, .27/
.26, .24

.30, .28/
.26, .24

.31, .29/
.27, .25

Notes: Two students from the sample (N = 432) were excluded as outliers. Cluster-robust
standard errors with bias-reduced linearisation (Pustejovsky and Tipton, 2018) in
parentheses; clustering by school class. Collinearity: VIF < 3.3 for all variables.
Abbreviations: BS_w_Abi = vocational school with the possibility of obtaining
the Abitur, BS_o_Abi = vocational school without the possibility of obtaining
the Abitur, reference category = high school. AT = Austria, CH = Switzerland,
LI = Liechtenstein, Germany as reference category. Wiki_school = use of
Wikipedia for school, Wiki_lessons = use of Wikipedia in class. *p < .05,
**p < .01 and ***p < .001 (two-tailed).

Model 1 considers all control variables. Women show a significantly higher OIL than
men (p = .02). In terms of SIL, the difference is not significant (p = .86). A lack of test
motivation affects both OIL and SIL negatively (p < .01). Model 2 takes into account the
grade as a variable of interest. The influence of the grade on OIL is positive (p < .01):
each additional school year leads to an expected increase in OIL of 9.71 STP,
corresponding to 0.1 standard deviations. The influence of the grade on SIL is not
significant (p = .67). Model 3 considers the use of Wikipedia during the class. It has a
positive influence on OIL (p = .01): using Wikipedia in class is associated with a 0.2
standard deviation higher OIL. The influence of the grade on OIL decreases slightly in
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the transition from models 2 to 3 (9.71 vs. 9.51 STP). Concerning SIL, the influence of
the use of Wikipedia in class is not significant (p = .69).

4.4 Relationship between OIL and SIL (RQ4)
The correlation between OIL and SIL is .52 (t = 12.58, df = 428, p < .01). The average
difference between OIL and SIL is –11.56 for men (SD = 107.11) and 10.25 for women
(SD = 88.39). There is a significant positive influence of the gender ‘female’ on the
difference between OIL and SIL ( = 18.93, p = .04) even when considering all
(non-significant) context and control variables.

5

Summary and discussion

5.1 Rasch scalability (RQ1)
After the exclusion of misfitting items, we achieved Rasch scalability. In particular,
establishing person homogeneity or fairness of the test instrument is crucial. Only in this
case, observed IL differences in subgroups can validly be attributed to latent IL
differences. This is important if general proficiency levels should be set (RQ2) and the
influence of context variables on IL is investigated (RQ3). Ensuring person homogeneity
necessitated numerous (anticipated) item exclusions (OIL: 54%, SIL: 59%). In most
cases, we observed a DIF with respect to the country of origin. We inspected all excluded
items, but could not always find a plausible reason on the content level. In the case of
OIL, content validity is still ensured: all seven facets are represented by at least two PCM
items. In the case of SIL, there is no item left for the second facet. Here, new items
should be constructed and validated. The reliability of the test instruments is good
(OIL: EAP/PV = .84, WLE = .88) or satisfactory (SIL: EAP/PV = .75, WLE = .77). The
OIL test shows a decent fit between item difficulty and ability of the test takers. The
instrument is therefore complex enough for our primary target group: upper secondary
learners.

5.2 Proficiency level model (RQ2)
By means of our proficiency level model, we are able to provide evidence for severe
deficits among the sampled upper secondary students; 17% were not able to perform
basic tasks of the information process even partially correctly and were prone to making
serious mistakes. Another 39% might need support to master typical information
processes. With this in mind, it has to be considered that the test takers are not children
but, on average, 18 years old. We conclude that instructional measures are very necessary
to tackle this issue.

5.3 Influence of instruction on OIL and SIL (RQ3)
Evidence for instructional sensitivity can only be provided for OIL. An additional school
year leads to an expected increase of OIL by 9.51 STP. This increase is rather small: the
width of the proficiency level equals 77 STP. Hence, on average, it would take about
eight school years to increase a student’s IL from the bottom to the top of a proficiency
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level. However, the results may be consistent with the criticised inadequate curricular
integration of IL (Jones-Kavalier and Flannigan, 2006). In this context, the lack of
an influence of age on OIL is interesting, even if the grade is not taken into account
(model 1 vs. 2). OIL does not seem to improve automatically with increasing life
experience.
The relationship between the uses of Wikipedia at home for school purposes and OIL
is not significant, but the relationship between the use of Wikipedia in class and OIL is
important. This result might be regarded as evidence for instructional sensitivity: the
appropriate use of Wikipedia requires an instruction that is likely to be given in class. A
general use of Wikipedia without instruction has no significant influence on OIL.
However, the observed relationship between the use of Wikipedia in class and OIL
should not be interpreted as a causal relationship. An alternative explanation would be
that IL-affine teachers particularly promote IL, and at the same time, use Wikipedia more
often than non-IL-affine teachers.
Concerning SIL, a possible explanation for the lack of influence of grade and the
use of Wikipedia in class on the SIL score would be that ‘digital natives’ had already
developed a relatively persistent view about their IL before the ninth grade. They may
rarely adjust this view with increasing age or instruction. Against this background, the
SIL instrument might be unsuitable for evaluating IL instruction.
Drawing on all three models, women show a higher OIL than do men. This is
contrary to the results of Large et al. (2002), Roy and Chi (2003), and Tsai (2009), all of
whom found higher OIL for male test takers. There are no gender differences with regard
to SIL. As expected, test motivation substantially influences both OIL and SIL. The
school type as proxy for cognitive ability and interest structure has no significant
influence on OIL and SIL. This result might suggest that instruction rather than cognitive
ability or interest can explain IL. As a robustness check, we carried out multigroup
analyses in terms of the country of origin. However, for the variables of interest, there are
no significantly different path coefficients.

5.4 Relationship between OIL and SIL (RQ4)
The correlation between OIL and SIL of .52 indicates a satisfactory construct validity
because it has to be considered that different methods were used to capture IL (Bühner,
2011): performance test vs. self-assessment. Overall, digital natives have difficulties
in accurately assessing their own IL. Against this background, the (sole) use of
self-assessments to diagnose IL seems problematic. Since, by means of our test, IL can be
measured objectively in a reasonable amount of time, this kind of measurement might be
the suitable approach in most contexts.
As the rather low correlation between OIL and SIL shows, it might be difficult for
both sexes to assess their own IL accurately. Women underestimate their IL while men
overestimate themselves.
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Implications and conclusions, limitations and outlook

The contribution of this paper is twofold: on the one hand, by presenting and validating
an IL model, we aim at creating a basis for pedagogical concepts to promote IL in order
to close a gap in the empirical curriculum and teaching research. On the other hand, the
development of a standardised measuring instrument for IL in the context of upper
secondary education represents a novelty in IL research. With the help of this instrument,
the effectiveness and goal achievement of pedagogical interventions can be evaluated.
The validated instruments for capturing IL can be used as a sound basis for the
development of cross-school educational standards. Both instruments are available from
the authors upon request. Furthermore, we emphasise the notion that the concept of
‘digital natives’ (Prensky, 2001) should be discarded as a normative basis for integrating
educational technology in schools.
As an alternative, the concept of ‘digital residents’ and ‘digital visitors’ coined by
White and Le Cornu (2011) could be revealing. This approach suggests a range of
behaviours to provide a more accurate and useful framework for describing and analysing
people’s motivations for using technology and information. Phipps and Lanclos (2017)
also take up this concept and expand it with implementation notes to contrast with the
reductionist model of digital natives and immigrants. This is also an interesting approach
for information competences, as it is not about labelling people with their fundamental
identities, but about identifying different behavioural patterns. We plan to integrate this
idea into our conceptional work in order to establish a solid normative orientation about
how to understand and develop IL in education.
Furthermore, as a practical implication, we can systematically and continually
collaborate together with our partner schools in order to update the competence facets.
For example, the phenomenon of fake news has become a permanent fact with new
technological progress.
Needless to say, our research faces limitations. SIL items are no longer included for
the second competence facet ‘information sources’. This is critical in terms of content
validity. Hence, new items have to be constructed and validated. These items should be
more difficult compared to the available items. Interpretations at the level of the seven IL
facets are currently not possible due to insufficient reliability. A longitudinal design using
a latent growth model may be suitable for investigating OIL development. On this basis,
various development paths could be described and the influence of personal and context
variables investigated.
Most importantly, instructional measures are necessary to foster IL systematically.
Our 7i model may act as a basis for creating instructional designs. For instance, Seufert
et al. (2019) relied on the 7i model to develop a massive open online course (‘iMOOC’:
https://i-mooc.ch/). Since the OIL and SIL instruments also draw on the 7i model, an
alignment between curriculum, instruction, and assessment might be achieved and
learning gains could be diagnosed in a pre-post design.
Along with instruction, we may also address students’ poor ability to assess
themselves. This might foster student willingness to study IL-related content. Moreover,
self-reflection is regarded as an important prerequisite for the lifelong learning process
(Eyler, 2002).
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Notes
1

Only the year of birth was requested.

