A Validation Study of the Internet-Specific Epistemic Justification Inventory
with Norwegian Pre-Service Teachers

Abstract
The purpose of this study was to validate a new inventory designed to measure epistemic
beliefs concerning the justification of knowledge claims encountered on the Internet.
Confirmatory factor analysis of the scores of 394 pre-service teachers showed that a threefactor model including justification by authority, justification by multiple sources, and
personal justification fit the data well. Moreover, latent variable structural equation modeling
showed that these three types of justification beliefs differentially predicted aspects of
Internet-specific reading motivation and engagement. Taken together, these results provide
evidence for the construct validity of the inventory and lay the foundation for further
validation work. The theoretical and educational significance of the study is discussed and
directions for future research are suggested.
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1. Introduction
The Internet has become an important knowledge resource for academic issues,
providing easy access to vast amounts of information from multiple sources. However,
because anyone can publish freely on the Internet, online information addressing academic
issues can vary considerably in terms of quality. Thus, critical users of the Internet need to
justify the knowledge claims they encounter online.
The purpose of this study was to investigate the validity of a new measure designed to
capture three types of beliefs concerning the justification of knowledge claims encountered on
the Internet. We did this by analyzing the scores of pre-service teachers on the measure by
means of confirmatory factor analysis to ascertain its three-dimensional structure. Further, we
used latent variable structural equation modeling to test relations between the underlying
constructs resulting from the confirmatory factor analysis and aspects of motivation and
engagement when reading on the Internet. In this way, we essentially followed the classic
procedure for construct validation described by Cronbach and colleagues (Cronbach, 1990;
Cronbach & Meehl, 1955). Prior theoretical and empirical work has addressed people’s
perceptions of the credibility and usefulness of Internet-based information (e.g., Lankes,
2008; Lucassen, Muilwijk, Noordzij, & Schraagen, 2013; Sussman & Siegal, 2003).
However, this study is distinguished by its focus on theory and research within personal
epistemology, especially concerning beliefs about justification of knowledge claims
encountered on the Internet, as a background for the construction and validation of a new
instrument. Before we further specify the research questions and hypotheses for our study, we
discuss relevant theoretical frameworks and prior empirical work.
1. 1 Theoretical and empirical background
Beliefs about justification for knowing belong to the realm of personal epistemology,
which concerns beliefs laypeople (i.e., non-philosophers) hold about the nature of knowledge
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and the process of knowing (Bråten, 2011; Hofer, 2002). In a landmark review of personal
epistemology, Hofer and Pintrich (1997) proposed a four-dimensional framework that
included a justification for knowing dimension, which ranged from justification through
observation and authority, or on the basis of what feels right, to the use of rules of inquiry and
the evaluation and integration of multiple information sources. In addition, their framework
included dimensions concerning the certainty, simplicity, and source of knowledge. The
certainty dimension ranged from the view that knowledge is absolute and unchanging to the
view that knowledge is tentative and evolving, the simplicity dimension ranged from the view
that knowledge consists of isolated facts to the view that knowledge consists of complex,
integrated concepts, and the source dimension ranged from the view that knowledge is
transmitted from external authority to the view that knowledge is actively constructed by the
person. During the past two decades, a large amount of empirical work has been framed by
Hofer and Pintrich’s (1997) conceptualization, indicating that where students fall on these
dimensions has implications for their motivation, cognition, and performance in academic
settings (for reviews, see Bråten, 2011; Bråten, Strømsø, & Ferguson, 2016; Hofer &
Bendixen, 2012; Sandoval, Greene, & Bråten, 2016). Of particular interest in the context of
the current investigation are studies that have focused on learning within Internet technologies
and, at the same time, used a measure targeting Internet-specific epistemic beliefs.
This line of research was initiated by Bråten, Strømsø, and Samuelstuen (2005), who
argued that because the Internet represents a particular type of knowledge resource that allows
for new ways of presenting knowledge and new ways of knowing compared to conventionalprint environments, researchers should use epistemic belief measures that target what
individuals believe knowledge is like on the Internet and how they come to know on the
Internet when studying learning within Internet technologies. Accordingly, these authors
designed the 36-item Internet-Specific Epistemological Questionnaire (ISEQ), which was
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based on Hofer and Pintrich’s (1997) framework and thus addressed beliefs concerning the
certainty, simplicity, and source of Internet-based knowledge, as well as beliefs concerning
the justification of knowledge claims encountered on the Internet.
In addition to the original study (Bråten et al., 2005), the ISEQ has been used in a
range of published studies during the last decade, with those studies conducted with
Norwegian (Strømsø & Bråten, 2010), German (Kammerer, Amman, & Gerjets, 2015;
Kammerer, Bråten, Gerjets, & Strømsø, 2013; Kammerer & Gerjets, 2012), Chinese (Cheng,
Liang, & Tsai, 2013; Chiu, Liang, & Tsai, 2013, 2016; Chiu, Tsai, & Liang, 2015; Lee, Chiu,
Liang, & Tsai, 2014), English (Cho, Woodward, & Li, in press; Knight et al., 2017a, 2017b),
Turkish (Karaoglan Yilmaz, & Cakmak, 2016), and Persian (Karimi, 2014) versions of the
instrument. In studies using factor analysis, only those using the Chinese version of ISEQ
have provided evidence for the four-dimensional conceptualization on which the measure is
based (Chiu et al., 2013, 2016; Lee et al., 2014). However, those factor solutions have
retained only three of the original ISEQ items in each of the four dimensions, thus comprising
only 12 of the 36 original items. The other studies using factor analysis have either found a
broad factor including items written to assess beliefs about the certainty, simplicity, and
source of knowledge (termed “general Internet epistemology” by Bråten et al., 2005) together
with a justification for knowing factor (Bråten et al., 2005; Kammerer et al., 2013; Knight et
al., 2017a), or a factor including items written to assess beliefs about certainty and source of
knowledge together with a simplicity of knowledge factor and a justification for knowing
factor (Karimi, 2014; Strømsø & Bråten, 2010). However, none of these two- or three-factor
solutions have included more than 18 of the original 36 ISEQ items.
Regarding relationships with other constructs, higher scores on the ISEQ factors
including items focusing on the certainty, simplicity, and source of knowledge, which reflect
the view that the Internet is a reliable source of certain (i.e., true, accurate) and simple (i.e.,
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detailed, factual) knowledge, have been found to predict higher levels of self-reported Internet
search and evaluation skills (Bråten et al., 2005; Strømsø & Bråten, 2010), self-regulated
strategies (Chiu et al., 2013; Strømsø & Bråten, 2010), and adaptive online help seeking
(Bråten et al., 2005; Lee et al., 2014; Strømsø & Bråten, 2010), as well as the extent to which
learners actually access more objective, reliable web pages during web search (Kammerer et
al., 2015; Kammerer & Gerjets, 2012). However, other studies have suggested that higher
scores on a broad factor containing such items may negatively predict critical evaluation of
Internet-based sources (Kammerer et al., 2013; Knight et al., 2017a). In studies using the
ISEQ, higher scores on the justification for knowing factor, reflecting the view that
knowledge claims on the Internet need to be checked against other sources, reason, and prior
knowledge, have been found to predict higher levels of self-reported self-regulated strategies
(Chiu et al., 2013; Strømsø & Bråten, 2010) and adaptive online help seeking (Lee et al.,
2014), as well as more critical evaluation of websites (Knight et al., 2017a) and avoidance of
one-sidedness and construction of a balanced representation when encountering conflicting
claims across multiple websites (Kammerer et al., 2013). Kammerer et al. (2015)
distinguished between Internet-specific beliefs concerning justification by multiple sources
and beliefs concerning personal justification, using two original ISEQ items to assess each
dimension. Interestingly, these authors found that the more individuals believed that Internetbased knowledge claims need to be compared and corroborated across multiple sources, the
more time they spent on reliable websites during a web search on a controversial medical
issue. Conversely, the more individuals believed that knowledge claims should be evaluated
in relation to their own knowledge and logical thinking, the more they focused on less
reliable, commercial websites.
Although important work recently has been done in the area of Internet-specific
epistemic beliefs, indicating that such beliefs matter when learning within Internet
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technologies, problematic aspects of this work concern not only measurement but also
theoretical grounding. Besides the fact that scores on the ISEQ have not consistently
represented its hypothesized four-factor structure, that few of the original ISEQ items have
been included in the resulting factors, and that empirical findings are somewhat contradictory,
further theoretical development within personal epistemology has not been taken into
consideration. In particular, this concerns the assumption that beliefs about justification for
knowing cannot be captured by a single dimension but, rather, should be differentiated into
several dimensions in accordance with how philosophers identify a number of different
sources involved in justifying knowledge claims (Chinn, Buckland, & Samarapungavan,
2011; Greene, Azevedo, & Torney-Purta, 2008). Such a multidimensional conceptualization
of beliefs about justification for knowing has also gained empirical support, with separate
dimensions concerning justification by authority, justification by multiple sources, and
personal justification emerging from recent quantitative and qualitative work addressing the
dimensionality of personal epistemology (Ferguson, Bråten, & Strømsø, 2012; Ferguson,
Bråten Strømsø, & Anmarkrud, 2013; Greene, Torney-Purta, & Azevedo, 2010).
Moreover, a number of recent empirical studies have validated this trichotomous
framework by linking students’ justification for knowing to their motivation, cognition, and
performance (Braasch, Bråten, Britt, Steffens, & Strømsø, 2014; Brandmo & Bråten, 2018;
Bråten, Anmarkrud, Brandmo, & Strømsø, 2014; Bråten & Ferguson, 2014; Bråten, Ferguson,
Anmarkrud, Strømsø, & Brandmo, 2014; Bråten, Ferguson, Strømsø, & Anmarkrud, 2013;
Bråten, Ferguson, Strømsø, & Anmarkrud, 2014; Ferguson & Bråten, 2013; Kendeou,
Braasch, & Bråten, 2016; Strømsø, Bråten, Anmarkrud, & Ferguson, 2016; Trevors, Kendeou,
Bråten, & Braasch, 2017). Quite consistently, these studies have shown that justification by
multiple sources is positively related to students’ motivation, cognition, and performance,
whereas personal justification is negatively related to their motivation, cognition, and
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performance. Of note is, however, that in these studies, personal justification has been
measured in terms of justification by personal views or opinions rather than by activation of
prior knowledge and reasoning. With respect to justification by authority, some studies have
found this dimension to be unrelated to students’ performance (Brandmo & Bråten, 2018;
Bråten et al., 2013; Bråten, Ferguson, Strømsø, et al., 2014; Kendeou et al., 2016), while other
studies have found it to be positively related to performance for certain tasks and cultural
groups (Braasch et al., 2014; Strømsø et al., 2016).
Importantly, research conducted within the trichotomous justification belief
framework has targeted beliefs about a particular content domain whereas research on
Internet-specific epistemic beliefs using the ISEQ has targeted beliefs about Internet-based
knowledge and knowing in relation to students’ course work or in general (Strømsø &
Kammerer, 2016). Thus, beyond addressing the Internet as a particular domain in the
epistemological sense (Bråten et al., 2005), recent theory and research highlighting the
domain-specific and topic-specific nature of epistemic beliefs have so far not been taken into
consideration when investigating Internet-specific epistemic beliefs (Bråten, Gil, Strømsø, &
Vidal-Abarca, 2009; Muis, Bendixen, & Haerle, 2006; Sandoval, Greene, & Bråten, 2016).
1.2 The present study
Given this theoretical and empirical background, we set out to validate an Internetspecific epistemic belief measure designed to assess beliefs about justification for knowing on
the Internet in relation to a specific content domain. More specifically, we grounded our
measure in the trichotomous justification belief framework (Ferguson et al., 2012, 2013),
addressing justification by authority, justification by multiple sources, and personal
justification. In doing this, we tried to bring research in this area in line with recent theoretical
and empirical developments within personal epistemology (Mason & Florit, 2018). Further, in
addition to focusing on beliefs about justification for knowing on the Internet, in particular,
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we designed our measure such that it targeted beliefs about justification for knowing in
relation to a specific content domain, thus taking the domain-specific nature of epistemic
beliefs into consideration (Bråten et al., 2009; Muis et al., 2006; Sandoval et al., 2016). In a
sample of Norwegian pre-service teachers, we expected to identify three constructs
underlying their scores on this measure when asked about their justification of knowledge
claims encountered on the Internet that concerned educational topics, with these constructs
corresponding to justification by authority, justification by multiple sources, and personal
justification.
To further investigate these three Internet-specific justification constructs, we tested
relations between the three types of beliefs and aspects of motivation and engagement when
reading about educational topics on the Internet, using latent variable structural equation
modeling for this purpose. Following Guthrie and Klauda (2014), we focused on positive as
well as negative aspects of motivation (viz., perceived competence and perceived difficulty)
and engagement (viz., dedication and avoidance) (see Section 2.2.2 for how we measured
these constructs). The model displayed in Figure 1 specifies our hypotheses concerning the
relationships between the three types of justification beliefs and these positive and negative
forms of motivation and engagement.
[Figure 1 about here]
As can be seen, we expected beliefs about justification by multiple sources to
positively predict perceived competence and dedication and negatively predict avoidance.
This is in accordance with previous research within the trichotomous framework, which has
found positive relations between such beliefs, albeit not targeting Internet-based knowledge,
in particular, and student motivation and engagement (see Section 1.1). The reason we did not
expect justification by multiple sources to negatively predict perceived difficulty as well, is
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that we considered it likely that many of those oriented towards multiple sources would also
realize the complexity of the domain in question.
With respect to personal justification, we expected this construct to positively predict
perceived competence and negatively predict perceived difficulty. This is because we, in
contrast to previous research on this construct, focused on personal justification in terms of
prior knowledge and reasoning rather than own opinion when designing the current measure.
Thus, it seems reasonable to expect that those who relied more on their own prior knowledge
and reasoning in evaluating knowledge claims also perceived themselves as more competent
and considered the content less difficult than did those who relied less on their own prior
knowledge and reasoning skills. However, we did not expect personal justification to be
uniquely related to the engagement constructs of dedication and avoidance. This is because
we considered it likely that justification by multiple sources and personal justification would
be positively correlated and that justification by multiple sources would be a better predictor
of the engagement constructs than would personal justification.
With respect to justification by authority, inconsistent findings obtained in previous
research within the trichotomous framework (see Section 1.1) made it difficult to specify
predictive relationships between justification by authority and the motivation and engagement
constructs. However, we entertained the possibility that justification by authority might be a
unique negative predictor of perceived competence because those relying on external
authority when justifying knowledge claims might also perceive themselves as less competent
regarding the domain in question.
Finally, regarding correlations, we expected the three constructs concerning
justification for knowing to be positively correlated. Thus, students using their own prior
knowledge and reasoning in evaluating knowledge claims may also be inclined to corroborate
claims and evidence across sources, and those who rely on multiple sources may also be
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concerned about the authoritativeness of the sources they access. Personal justification and
justification by authority may be expected to correlate because prior knowledge and reasoning
may well be used to evaluate the authoritativeness of the source as well as the content of the
claim.
In accordance with Guthrie and Klauda (2014), we expected the two positive
motivation and engagement constructs (i.e., perceived competence and dedication) as well as
the two negative motivation and engagement constructs (i.e., perceived difficulty and
avoidance) to be positively correlated. In addition, we expected that each of the two positive
constructs would be negatively correlated with each of the negative constructs (Guthrie &
Klauda, 2014).
2. Method
2.1 Participants
Participants were 394 pre-service teachers (64% female) from four teacher education
programs in a large city in southeast Norway. In Norway, there are two main tracks of teacher
education that include four different programs: a one-year program at postgraduate level that
qualifies for teaching in secondary school (grades 8-13) and three five-year master programs
that qualify for teaching in primary school (grades 1–7), upper primary and lower secondary
school (grades 5–10), and secondary school (grades 8–13), respectively. One-hundred and
seventy-five participants attended the one-year postgraduate program, 96 attended the fiveyear master program qualifying for grades 8-13, and 123 attended the five-year master
program qualifying for grades 1-7. The first two programs were located at the University of
Oslo and the third was located at Oslo University College. Participants ranged in age from 21
to 63 years with an overall mean age of 28.14 (SD = 5.38). The majority of the participants
(83%) were born in Norway and learned Norwegian as their first language, and the rest were
bilingual, most of them raised in Norway, but with parents from different parts of the world.
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With regard to educational background, 27% had earned 60 ECTS (European Credit Transfer
and Accumulation System) credits, 41% had earned 180 credits (equivalent to a bachelor's
degree), 30% had earned 300 credits (equivalent to a master's degree), and 2% had completed
a Ph.D. None of the participants had studied less than one and a half year at postsecondary
level. All participants were studying educational topics at the time of data collection.
Although this was a nonprobability sample whose representativeness of Norwegian
preservice teachers may be open to question (cf., Kerlinger & Lee, 2000), we purposefully
selected participants such that they represented different tracks of teacher education and
different teacher education programs and institutions, with participants also varying
considerably with respect to age and educational background. As such, the sample also was
less homogeneous than many other samples used in personal epistemology research (Greene
et al., 2008).
2.2 Materials
2.2.1 The Internet-Specific Epistemic Justification Inventory
To assess participants’ Internet-specific epistemic beliefs concerning justification for
knowing, we developed the Internet-Specific Epistemic Justification Inventory (ISEJ). The
12-item ISEJ was based on a multidimensional conceptualization of justification for knowing
(Ferguson et al., 2012, 2013; Greene et al., 2008, 2010) that includes beliefs concerning
justification by authority, justification by multiple sources, and personal justification. All 12
items targeted justification beliefs when using the Internet as a knowledge resource. In this
study, we specified the content domain as education; however, the items may easily be
adapted to concern other domains and topics. All items of the ISEJ are displayed in Appendix
A.
The four items written to assess justification by authority focused on evaluation of
information located on the Internet in light of the competency and expertise of the source
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(sample item: When I read something about an educational topic on the Internet, I evaluate
whether this information is written by an expert). The four items written to assess justification
by multiple sources concerned evaluation of information found on the Internet by checking
several information sources and comparing across websites (sample item: To evaluate
whether information I find on the Internet about an educational topic is reliable, I check
whether it is consistent with information on other websites). Two of these items were adapted
from justification for knowing items included in the ISEQ (Bråten et al., 2005), and one item
was adapted from a justification by multiple sources item included in Ferguson et al.’s (2013)
Justification for Knowing Questionnaire (JFK-Q). Finally, the four items written to assess
personal justification concerned evaluation of information found on the Internet based on
prior knowledge and reasoning (sample item: When I find information about an educational
topic on the Internet, I evaluate whether this information is consistent with my own
understanding of the topic). Two of these items were adapted from justification for knowing
items on the ISEQ (Bråten et al., 2005). Participants rated each item included in the ISEJ on a
10-point anchored scale ranging from strongly disagree (1) to strongly agree (10).
2.2.2 Motivation and engagement measures
To assess participants’ Internet-specific reading motivation and engagement, we
adapted items from Guthrie and Klauda’s (2014) reading motivation and engagement scales.
Specifically, we adapted three items from their perceived competence scale and three items
form their perceived difficulty scale to measure both positive and negative aspects of selfreported motivation when reading about educational topics on the Internet. Moreover, we
adapted three items from their dedication scale and three items from their avoidance scale to
measure both positive and negative aspects of self-reported behavioral engagement. A focus
on both positive (i.e., perceived competence and dedication) and negative (i.e., perceived
difficulty and avoidance) aspects of motivation and engagement is based on the rationale that
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positive and negative forms cannot be considered simple opposites (Guthrie & Klauda, 2014).
For example, a substantial proportion of readers may perceive themselves as competent and
still consider the task difficult, and a substantial proportion of students may display low
engagement as well as low avoidance.
The three items used to measure perceived competence focused on the extent to which
participants perceived themselves capable of learning from and understanding what they read
about educational topics on the Internet (sample item: I figure out the meaning of central
academic concepts by reading about educational topics on the Internet). The three items used
to measure perceived difficulty concerned the extent to which participants perceived what
they read about educational topics on the Internet to be difficult or confusing (sample item:
What I read on the Internet about educational topics is far too difficult for me). The three
items used to assess dedication focused on the extent to which participants put time, effort,
and persistence into reading about educational topics on the Internet (sample item: I spend
more time and effort on reading about educational topics on the Internet than other students).
Finally, the three items used to measure avoidance concerned the extent to which participants
had an aversion towards reading about educational topics on the Internet and therefore
expended as little time and effort as possible on this activity (sample item: I read as little as
possible about educational topics on the Internet).
Participants rated each of the 12 items on a 10-point anchored scale ranging from
strongly disagree (1) to strongly agree (10). All items used to measure participants’ selfreported Internet-specific reading motivation and engagement are displayed in Appendix B.
2.3 Procedure
Data collection took place during regular lectures in participants’ ordinary classrooms,
with the measures group administered by the second author and a trained research assistant.
Participants were informed that participation in the study was voluntary but only five of those
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present chose not to participate. Participants were not compensated for their participation in
any way. All data were treated anonymously and confidentially. Participants completed a
demographics survey, followed by the measures of reading motivation and engagement and
the Internet-Specific Epistemic Justification Inventory. Approximately 15 minutes were used
to complete all the materials.
2.4 Analytic approach
To investigate the construct validity of the Internet-Specific Epistemic Justification
Inventory, we first performed confirmatory factor analysis (CFA) to test how well the
theoretical model (i.e., the trichotomous justification belief framework) fit the data. To
evaluate the fit, we used chi-square statistics and fit-indices reported by the Mplus software
(Muthén & Muthén, 2012): the comparative fit index (CFI), the Tucker Lewis fit index (TLI),
the root mean square error of approximation (RMSEA), and the standardized root mean
square residual (SRMR). After reviewing the literature on cut-off criteria for goodness of fit
(Bentler, 1990; Bentler & Bonett, 1980; Hu & Bentler, 1998, 1999; Marsh, Hau, & Wen,
2004; Schermelleh-Engel, Moosbrugger, & Müller, 2003), and taking the current analytic
situation (e.g., model complexity) into consideration, we adopted the following criteria for
model evaluation: CFI and TLI ≥ .90, RMSEA ≤ .08, and SRMR ≤ .09 indicate an acceptable
fit of the model, while CFI and TLI ≥ .95, RMSEA ≤ .05, and SRMR ≤ .06 indicate a good
model fit. In addition to evaluating the overall model fit, we examined the factor loadings
(and possible cross-loadings) and the intercorrelations between the factors. In this process, we
computed factor determinacy scores (FDS) and two reliability estimates, Cronbach’s α and
the scale reliability for each latent factor (ρ). FDS is a validity coefficient, specifically a
correlation between the estimated factor score and the true factor score that ranges from zero
to one and describes how well the factor in question is measured. According to Brown (2015),
a factor determinacy score should be at least .80 and preferably above .90. The reason we
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computed ρ in addition to Cronbach’s α is that the latter can under- or overestimate the
reliability if assumptions of a tau-equivalent measurement model are violated (e.g., the
assumption of equal factor loadings; Graham 2006), whereas the former benefits from the
CFA environment and overcomes the weaknesses associated with Cronbach’s α (Brown,
2015). Although reliability estimates have to be interpreted in relation to the nature of the
phenomenon that is measured, Kline (2005) gave the following general guidelines for their
interpretation: estimates above .70 are to be considered adequate, estimates above .80 are very
good, and estimates above .90 are excellent.
The second step in our construct validation involved testing hypothesized relations
between the latent factors resulting from the CFA of the scores on the Internet-Specific
Epistemic Justification Inventory and the Internet-specific reading motivation and
engagement constructs. We used structural equation modeling (SEM) in this regard. While
providing information about convergent and discriminant validity (Campbell and Fiske, 1959),
this approach also controls for the effects of the other epistemic justification constructs when
testing relations between each epistemic justification construct and the motivation and
engagement constructs. In addition, this approach provides information about overall model
fit (see above).
3. Results
Initially, we examined all item-level justification variables with respect to
distributional properties (see Table 1 for descriptive statistics). None of the items on the
Internet-Specific Epistemic Justification Inventory had a skewness or kurtosis above one. We
therefore decided to use ordinary maximum likelihood extraction for the CFA.
Next, we specified the three-factor model of justification beliefs, including
justification by authority, justification by multiple sources, and personal justification, and
performed a CFA by means of Mplus 7.2 (Muthén & Muthén, 2012). This model fit the data
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well, with χ2 (51) = 142, p < .001; CFI = .97; TLI = .97; RMSEA = .067, 90% CI [.054 .081]; SRMR = .036. As also displayed in Table 1, all the justification items had sufficient
loadings, with loadings ranging from .68 to .93. Further, as can be seen in Table 1, the factor
determinacy scores and the reliability estimates were all very good.
[Table 1 about here]
We also performed a CFA of the scores on the 12 items used to measure Internetspecific reading motivation and engagement. All these items were normally distributed, and
the hypothesized four factor-structure fit the data well, with χ2 (48) = 88, p < .001; CFI = .98;
TLI = .97; RMSEA = .046, 90% CI [.030 - .061]; SRMR = .040. Further, all items had
sufficient loadings, ranging from .61 to .85, and the factor determinacy scores and the
reliability estimates were good (perceived competence: FDS = .90, α = .76, ρ = .76;
dedication: FDS = .91, α = .76, ρ = .78; perceived difficulty: FDS = .89 , α = .79, ρ = .79;
avoidance: FDS = .92 , α = 83, ρ = .83).
[Table 2 about here]
Intercorrelations between all latent variables included in the SEM analysis are
displayed in Table 2, together with the means and standard deviations for those variables.
When we tested the hypothesized model displayed in Figure 1, the fit indices indicated a
properly fitted model, with χ2 (231) = 424, p < .001; CFI = .96; TLI = .96; RMSEA = .046,
90% CI [.039 - .053]; SRMR = .041. The resulting model is displayed in Figure 2. Taken
together, the three justification for knowing constructs explained 10% of the variance in
perceived competence, 6% of the variance in dedication, 8% of the variance in perceived
difficulty, and 4% of the variance in avoidance.
[Figure 2 about here]
As expected, justification by multiple sources was a unique positive predictor of
perceived competence (β = 36, p < .001) and dedication (β = .18, p < .05), and a unique
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negative predictor of avoidance (β = -.21, p < .001). This indicates that participants who
believed that information about educational topics encountered on the Internet needs to be
corroborated by comparing various sources also perceived themselves as more competent,
reportedly put more time, effort, and persistence into reading about such topics on the
Internet, and reportedly experienced less aversion in relation to reading about such topics on
the Internet. As expected, the path from justification by multiple sources to perceived
difficulty was not statistically significant, however. While a large proportion of the
participants believing in justification by multiple sources may have considered the task easy,
many of those believing in justification by multiple sources presumably also realized the
complexity of reading about educational topics on the Internet.
Personal justification, as expected, was a unique negative predictor of perceived
difficulty (β = -.23, p < .001), indicating that participants who believed in evaluating
information about educational topics on the Internet by means of their own prior knowledge
and reasoning were also less likely to perceive what they read about such topics on the
Internet to be difficult or confusing. Although we also expected that personal justification
would be a unique positive predictor of perceived competence, this path was not statistically
significant. The statistically non-significant paths from personal justification to the
engagement constructs of dedication and avoidance were consistent with our expectations,
however.
With regard to justification by authority, only one path from this construct to the
motivation and engagement constructs was statistically significant. As expected, this was the
path to perceived competence (β = -.17, p < .05), which indicates that participants who
believed that information about educational topics encountered on the Internet needs to be
justified by referring to the competency or expertise of the source, were also less likely to
perceive themselves as capable of learning from and understanding what they read about
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educational topics on the Internet. The finding that justification by authority did not uniquely
predict the other motivation and engagement constructs seems consistent with previous
research on justification by authority conducted within the trichotomous justification belief
framework (e.g., Brandmo & Bråten, 2018).
As expected, the three constructs concerning justification for knowing were positively
correlated, with personal justification positively correlated with both justification by multiple
sources (r = .58, p < .001) and justification by authority (r = .56, p < .001), and with
justification by multiple sources positively correlated with justification by authority (r = .67, p
< .001). Most of the correlations between the motivation and engagement constructs were also
consistent with our expectations. Thus, perceived competence was positively correlated with
dedication (r = .68, p < .001), and perceived difficulty was positively correlated with
avoidance (β = .31, p < .001). Moreover, both perceived competence (r = -.65, p < .001) and
dedication (r = -.56, p < .001) were negatively correlated with avoidance. That both perceived
competence (r = .05, ns) and dedication (r = .10, ns) were unrelated to perceived difficulty
was not consistent with our expectations, however.
4. Discussion
Learning within Internet technologies may represent a greater challenge for students
than learning with conventional-print materials (Bråten & Braasch, 2017; Strømsø &
Kammerer, 2016). This is because the relaxed parameters for publishing on the Internet
require an extraordinary alertness on part of the students, such that they carefully evaluate the
claims about academic issues that they encounter on the Internet before they accept them as
valid knowledge. Presumably, this can be done by judging the authoritativeness of the source
(e.g., the expertise of the author), drawing on prior knowledge and reasoning about the topic
in question, and cross-checking various sources for consistency. In the current study, we
therefore investigated whether these ways of knowing on the Internet could be adequately
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captured by a new instrument: The Internet-Specific Epistemic Justification Inventory (ISEJ).
Given the results of our validation of this instrument, we sincerely believe that this question
can be answered in the affirmative. Thus, not only did we confirm that the constructs of
justification by authority, personal justification, and justification by multiple sources lay
behind participants’ scores on the ISEJ, we were also able to demonstrate that these three
constructs, as hypothesized, differentially predicted aspects of Internet-specific reading
motivation and engagement. Taken together, these results provide evidence for the construct
validity of the ISEJ and lay the foundation for further validation of the instrument.
Because the current investigation was limited to a sample of Norwegian pre-service
teachers and the content domain of education, further research using this instrument should
involve other student populations and domains and, preferably, be conducted across cultural
contexts. Accordingly, follow-up research using the ISEJ is currently being conducted with
German undergraduates who report on their Internet-specific justification beliefs in the
content domain of natural science. Moreover, it seems important to compare students’ scores
on the dimensions of justification by authority, personal justification, and justification by
multiple sources with what they actually do when using the Internet to learn about a particular
topic, with the latter captured by means of online methodologies such as reading times, eye
tracking, or verbal protocols. For example, using verbal protocol analysis (Ericsson & Simon,
1993), Greene and colleagues (Greene, Copeland, Deekens, & Yu, 2018; Greene, Yu, &
Copeland, 2014) investigated students’ thinking about knowledge and knowing while
studying a scientific topic on the Internet. These authors found that students justified
knowledge claims through the testimony of an external authority, reliance on their own
perception, memory, or rationality, and the existence of consistency across claims and sources,
with these categories essentially representing the three justification constructs underlying our
participants’ scores on the ISEJ. To what extent students’ scores on the three dimensions of
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the ISEJ reliably predict their application of corresponding justification procedures when
actually learning within Internet technologies is not answered by the current study, however,
and we consider it an important next step in research on the instrument to address this
question.
Future research using this instrument may also employ cluster analysis to investigate
whether particular profiles of Internet-specific justification beliefs are more or less adaptive in
the context of learning subject matter on the Internet. For example, some online learning tasks
may require an interactive coordination of different epistemic processes (Cho, Woodward, &
Li, in press), which may be reflected in students’ epistemic justification profiles based on
their ISEJ scores. It is also conceivable that different profiles will be more or less adaptive
dependent on the familiarity of the topic. It is possible, for example, that a profile
characterized by more emphasis on justification by authority and justification by multiple
sources and less emphasis on personal justification is more important when the topic is less
familiar. Conversely, when the topic is more familiar, learners can rely more on personal
justification and less on justification by authority and justification by multiple sources (cf.,
McCrudden, Stenseth, Bråten, & Strømsø, 2016). Likewise, what is an adaptive epistemic
justification profile may vary with the degree of conflict between claims, with a strong
emphasis on justification by multiple sources being particularly important when learning
about a controversial issue from online sources that present different views on the issue (Cho
& Afflerbach, 2017; Wineburg, 1991).
Beyond suggesting exciting avenues for future research, the theoretical significance of
the current study lies in promoting understanding of the constructs that explain how students
think about epistemic justification of claims and information encountered on the Internet. An
open theoretical question is, however, whether the thinking about epistemic justification that
is reported on the ISEJ is best characterized as beliefs, as we did in the current study, or
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whether it rather should be characterized as forms of self-reported epistemic validation
strategies (Richter & Maier, 2017; Richter & Schmid, 2010). This question parallels the issue
of how to distinguish between epistemic beliefs and epistemic cognition, recently highlighted
by Sinatra (2016). In accordance with her clarification, we have considered responses on the
ISEJ to reflect what students believe about epistemic justification on the Internet rather than
(reports of) epistemic strategies or processes that unfold during Internet use. Hopefully, future
research will also clarify to what extent these beliefs are brought to bear on Internet-based
learning tasks that require strategic processing to justify or validate knowledge claims.
Finally, this study has educational as well as theoretical implications. Educating
critical thinkers is a 21st century priority, and students’ beliefs about epistemic justification
on the Internet presumably play an important role in this regard (Greene & Yu, 2015). It is
therefore highly pertinent to assess such beliefs among students at different educational levels
and to try to change them through instructional interventions when deemed necessary.
Regarding the latter, Kammerer et al. (2015) recently showed that a brief intervention
targeting source evaluation strengthened participants’ Internet-specific beliefs in justification
by multiple sources, and Ferguson et al. (2013) found that having students work with
conflicting texts on an unfamiliar controversial issue weakened their beliefs in personal
justification and strengthened their beliefs in justification by multiple sources. Hopefully, the
ISEJ will become a functional tool for assessing students’ Internet-specific epistemic beliefs
that also can be used to evaluate the effects of interventions aiming to foster adaptive beliefs
in the service of critical thinking. As this study suggests, such interventions targeting Internetspecific epistemic beliefs may also affect students’ motivation and engagement when reading
about academic issues on the Internet, with strengthening beliefs in justification by multiple
sources, in particular, having the potential to increase perceived competence and dedication

23

and decrease avoidance, Further experimental work is needed to bolster this idea based on
correlational data, however.
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Table 1
Descriptive Statistics, Factor Loadings, and Validity and Reliability Information for the Internet-Specific Epistemic
Justification Inventory
Factor
Personal
justification

Item#
1
4
7
10

Loading
.68
.73
.73
.89

Mean
7.41
6.81
8.03
7.42

SD
2.09
2.32
1.93
2.08

Skewness
-0.54
-0.55
-1.03
-0.70

Kurtosis
-0.31
-0.37
0.60
0.00

FDS
.94

α
.84

ρ
.80

Justification by
multiple sources

2
5
8
11

.79
.88
.91
.90

6.46
6.25
6.48
6.67

2.71
2.66
2.55
2.47

-0.31
-0.29
-0.38
-0.42

1.00
-0.92
-0.77
-0.72

.97

.92

.92

.97

.92

.92

Justification by
authority

3
.81
7.43
2.49
-0.90
-0.12
6
.78
6.84
2.50
-0.58
-0.65
9
.93
7.03
2.54
-0.76
-0.34
12
.91
6.98
2.50
-0.71
-0.40
Note. Loadings are standardized, SD = standard deviation, FDS = factor determinacy score,
α = Cronbach’s alpha, ρ = reliability of the latent factor.
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Table 2
Intercorrelations, Means, and Standard Deviations for All Latent Variables
Variable
Personal justification
Justification by multiple sources
Justification by authority
Perceived competence
Dedication
Perceived difficulty
Avoidance
Mean
SD
*p < .05, **p < .01, ***p < .001.
1
2
3
4
5
6
7

1
.58***
.56***
.20***
.19***
-.27***
-.10
7.42
1.74

2
.67***
.30***
.23***
-.16**
-.20***
6.47
2.35

3

.12*
.17**
-.21***
-.13*
7.06
2.25

4

.69***
.00
-.65***
5.61
2.02

5

.04
-.56***
3.32
1.68

6

.31***
3.05
1.54

7

3.92
2.17
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Figure captions

Figure 1. The hypothesized model. + = positive prediction, - = negative prediction, +/- = valence not
prespecified.
Figure 2. The resulting model for justification constructs and reading motivation and engagement
constructs. *p < .05, **p < .01, ***p < .001.
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Perceived
competence

+
Personal
justification

+

-

+

+/+

+/-

+/-

Perceived
difficulty

+

+/+/-

Figure 1

-

-

+
Justification
by authority

-

+/-

Justification
by multiple
sources

+

Dedication

+

Avoidance
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Perceived
competence

.09
Personal
justification

.36***

-.17*

.90***

.68***

.09
.58***

.56***

.05
.10

-.54***

-.23***
.06

.67***

-.12

.03

-.21**
-.01

Figure 2

.94***

-.01

Justification
by multiple
sources

Justification
by authority

Dedication

.18*

Perceived
difficulty

.92***

.30***

Avoidance

.96***

-.64***
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Appendix A
Items on the Internet-Specific Epistemic Justification Inventory
Item #

Item wording

Personal justification
1.

When I find information about an educational topic on the Internet, I evaluate whether this
information is consistent with my own understanding of the topic.

4.

To check whether information about an educational topic I find on the Internet is reliable, I
evaluate it in relation to my own knowledge of this topic.

7.

I evaluate whether information I find about an educational topic on the Internet seems
logical.

10.

When I read about an educational topic on the Internet, I evaluate whether this information
is consistent with what I already know about this topic.

Justification by multiple sources
2.

I evaluate claims I find about an educational topic on the Internet by checking several
information sources on the same topic.

5.

When I read something about an educational topic on the Internet, I compare several
websites that deal with this topic.

8.

To evaluate whether information I find on the Internet about an educational topic is
reliable, I check whether it is consistent with information on other websites.

11.

To determine whether information I find about an educational topic on the Internet is
trustworthy, I compare information from multiple sources.

Justification by authority
3.

When I read something about an educational topic on the Internet, I evaluate whether this
information is written by an expert.

6.

To determine whether information I find about an educational topic on the Internet is
trustworthy, I evaluate whether the author has sufficient knowledge of the topic.

9.

When I find information about an educational topic on the Internet, I check whether it
comes from an expert source.

12.

To evaluate whether information I find about an educational topic on the Internet is
reliable, I try to determine whether it is written by a person with a high level of
competence in the area.
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Appendix B
Internet-Specific Reading Motivation and Engagement Measures

Perceived competence
I figure out the meaning of central academic concepts by reading about educational topics
on the Internet.
I obtain key information on educational topics by reading about them on the Internet.
I find solutions to academic issues by reading about educational topics on the Internet.
Perceived difficulty
What I read on the Internet about educational topics is far too difficult for me.
I have difficulty explaining what I read on the Internet about educational topics to other
students.
What I read about educational topics on the Internet only confuses me.
Dedication
I make sure I set aside enough time to read about educational topics on the Internet.
I spend more time and effort on reading about educational topics on the Internet than other
students.
I put a lot of effort into reading about educational topics on the Internet.
Avoidance
When I read about educational topics on the Internet, I feel that I’m wasting my time.
I read as little as possible about educational topics on the Internet.
I avoid reading anything about educational topics on the Internet.

