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Abstract
Competent use of the Internet to locate information is an important skill for today’s
youth. Yet, many lack the knowledge and dispositions to engage in the processes
necessary to effectively and efficiently find information on the Internet. As a result,
various countries have incorporated references to the processes of online inquiry within
their educational standards. Despite similarities in these standards, however, interna-
tional comparisons are rare and have not produced insights into broader themes and
patterns regarding how cognitive, metacognitive, and affective variables interact to
influence outcomes on related measures of success, e.g., international assessments. The
purpose of this research was two-fold: to examine the measurement invariance of a
German-language version of the Survey of Online Reading Attitudes and Behaviors
across a sample of participants from Germany and to compare the results with students
from United States who completed the English-version of SORAB. The results justified
comparisons across the samples with respect to the latent factor variables and compar-
isons yielded differences associated with cognitive and behavioral engagement, value/
interest, and anxiety. No differences were noted with regard to self-regulation and
efficacy for online reading. Implications are framed within broader contextual variables
that may have been influential in producing the differences between the samples.
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1 Introduction

Information and communication technologies (ICTs) play a prominent role in many
people’s daily lives, providing access to information unlike any other time in history.
As a result, effectively using ICTs, especially the Internet, for information-seeking
purposes has gained increasing prominence world-wide to ensure citizens master the
competencies necessary for occupational success and lifelong learning (European
Commission 2014; National Governors Association and Council of Chief State
School Officers 2010). The challenge, however, is that proficiency in this process
requires users to understand the unique strategies and display the dispositional attri-
butes necessary to engage in the cognitively demanding processes associated with
searching for and locating information on the Internet.

As a result, educational systems around the world have begun to focus
specifically on preparing students to be successful in these processes, creating
policies to develop students’ “use of ICT as a learning tool… [and] ICT-based
skills in critical thinking, collaboration, and communication” (Fraillon et al.
2014, p. 56). A growing list of countries, including the United States (National
Governors Association and Council of Chief State School Officers 2010),
Germany (Ministerium für Kultus, Jugend und Sport Baden-Württemberg
2016a, 2016b), Finland (Finnish National Board of Education 2014), and
France (French Ministry of Education 2015), among others, have identified
specific outcomes associated with the use of ICTs to efficiently and effectively
locate information within their educational standards. Commonalities among the
standards include the development of students’ capacity to enact processes
associated with being able to find/locate, analyze/evaluate, select, use/process,
and synthesize information from digital sources. Furthermore, assessments,
including the Digital Reading Assessment of the Program for International
Student Assessment [PISA] (Organization for Economic Cooperation and De-
velopment [OECD] 2011), the International Association for the Evaluation of
Educational Achievement’s [IEA] International Computer and Information Lit-
eracy Study [ICILS] (Fraillon et al. 2014), and IEA’s ePIRLS 2016 (Mullis
et al. 2017) include items designed to measure students’ proficiency in
accessing, evaluating, and interpreting information from digital sources, yielding
the potential for cross-cultural comparisons of student performance among
countries who participate in these assessments (see Naumann 2015; Paul
et al. 2017).

The aforementioned steps are important; yet, they are insufficient in devel-
oping a comprehensive understanding of all facets related to online inquiry. In
particular, there is also a need to incorporate examinations of how dispositional
attributes, such as self-efficacy, motivation, and anxiety, may impact the pro-
cesses. There is currently a lack of a valid means to do so, especially within
cross-cultural examinations. Extending previous research by the authors (see
Putman 2014; Putman, Wang, & Ki 2015) on middle school students’ strategies
and self-regulation within the use of the Internet, this investigation was under-
taken to expand the capabilities to further explore affective attributes, including
self-efficacy and anxiety, associated with information-seeking activities online.
Through the validation of a German version of the Survey of Online Reading
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Attitudes and Behaviors (SORAB), which measures cognitive strategies and
affective attributes, an exploratory comparison of students from Germany and
the United States was conducted.

2 Literature review

Few would argue that school-age youth spend significant amounts of time using the
Internet for entertainment, to communicate, and to locate information (Feierabend et al.
2016; Lenhart 2015; Organization for Economic Cooperation and Development
[OECD] 2015). While use of the Internet has taken a larger role in classrooms as
students are required to search for and locate information online as part of schoolwork,
many of these pursuits are engaged in as part of leisure and social activities that occur
more frequently outside of school settings (OECD 2015). This is important, yet
problematic, since despite spending extended periods of time using the Internet, the
reality is that many students are underprepared for the rigors and intricacies presented
by the online environment (Greene et al. 2018; Hinostroza et al. 2018; Salmerón et al.
2018). As a result, various researchers (see Putman 2014; Kanniainen et al. 2019)
continue to cite the need to understand better the key skills, strategies, and dispositions
necessary for students to engage in information-seeking activities on the Internet.

Various models and frameworks have been proposed to capture the processes
associated with information-seeking activities on the Internet, also referred to as online
inquiry (see Putman 2014). Consistent among them is the conclusion that there is a
clear need for those engaged in information seeking to employ a strategic approach
within the process. In general, Internet search processes include: (1) defining the
problem; (2) developing guiding questions and choosing search terms; (3) searching
for and locating information; (3) scanning and evaluating the list of results; (4)
evaluating the suitability of located information, e.g., trustworthiness and reliability;
and (5) synthesizing the information from multiple sources (see Brand-Gruwel et al.
2009; Frerejean et al. 2019; Leu et al. 2013). Within these processes, attention toward
the specific cognitive and metacognitive strategies as well as dispositional attributes
such as motivation and efficacy maximizes the opportunity for success (Goldman et al.
2012; Greene et al. 2018; O’Byrne and McVerry 2009).

2.1 Cognitive strategies for online inquiry

Searching for and locating information on the Internet requires a problem-solving
approach, which is augmented through the use of effective navigational strategies
(Hahnel et al. 2015; Kiili et al. 2018; Naumann and Salmerón 2016). Specific cognitive
processes are necessary, including: a) demonstration of strategic, goal-directed thinking
before and during inquiry (Cho and Afflerbach 2017; Leu et al. 2013); b) active
monitoring while using strategies during inquiry to locate relevant content and evaluate
its suitability (Barzilai et al. 2018; Greene et al. 2018); and c) regular synthesis of
information from diverse sources (Goldman et al. 2012; Leu et al. 2013). Students must
also engage in ongoing reflection as the search process proceeds (Frerejean et al. 2019;
Winne and Hadwin 2008). Multiple studies have shown that individuals were more
successful in locating and evaluating information when they engaged in these behaviors
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in online environments (Brand-Gruwel et al. 2017; Cho and Afflerbach 2017; Coiro
et al. 2018). Furthermore, within these broad categorizations there is a related set of
subskills that increase the likelihood of accessing task- and information-relevant
websites, thereby maximizing comprehension of material. We examine these subskills
within the broader principles of self-regulation and cognitive and behavioral engage-
ment for online inquiry.

Self-regulation Self-regulated learning is described as “active, constructive process
whereby learners set goals for their learning and then attempt to monitor, regulate
and control their cognition, intentions and behavior, guided and constrained by their
goals and the contextual features of the environment” (Pintrich 2000, p.453). The
cognitive strategies associated with online inquiry are highly aligned with self-
regulation as SRL proceeds in a predictable sequence of steps or phases that begins
as learners form a perception of a task based upon their prior knowledge or memories
of similar situations experienced in the past (Barzilai et al. 2018; Greene et al. 2018;
Winne and Hadwin 2008). Subsequently, they develop a plan related to task-specific
goals, execute strategies they hypothesize as necessary to meet the goals, and use
monitoring to determine if goals or strategies require adaptation (Winne and Hadwin
2008). Upon task completion, learners reflect upon their performance, identifying
changes that would enable them to complete a similar task more effectively (Winne
and Hadwin 2008).

Proficient online readers have been shown to be adept at self-monitoring, collecting
and analyzing evidence and using this information to adapt and revise processes and
strategies while engaging with multiple Internet sources (Brand-Gruwel et al. 2017;
Cho et al. 2017; Naumann 2015). According to Cho et al. (2017), strategic online
readers reflect upon more than “what to find” and “how to access it” (p. 716), but also
engage in inferential planning, enabling them to find information more aligned with
their questions and goals as they predict where links may lead (Coiro et al. 2018;
Hahnel et al. 2015; Kiili et al. 2018; Naumann and Salmerón 2016). This active
monitoring has also been associated with refined navigation strategies. Students were
more selective in accessing links and adapting their search process, positively
impacting their comprehension of content and the construction of meaning as infor-
mation is synthesized across multiple texts (Goldman et al. 2012; Greene and Azevedo
2007).

Cognitive and behavioral engagement Guthrie et al. (2012) characterized engagement
as “multidimensional” (p. 602) as it is comprised of both behavioral and cognitive
attributes. Behavioral engagement involves active participation in an activity, as dem-
onstrated through effort and persistence, while cognitive engagement is associated with
mental efforts necessary to accomplish a task, including the use of self-regulatory
strategies. Each dimension of engagement demonstrates notable linkages to several
facets associated with successful searches for information. For example, behavioral
engagement has been linked to increased time spent selecting sources to examine, total
number of sources read, and overall effort (List et al. 2018). Cognitive engagement, on
the other hand, is highly associated with comparing, contrasting, and corroborating
information found through within the search process, which maximizes success when
engaging with multiple documents (Anmarkrud et al. 2014; Cho, 2014; Goldman et al.
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2012). In sum, various researchers (Brante and Strømsø 2018; Naumann 2015) have
confirmed the importance of high levels of behavioral and cognitive engagement in
producing frequent visits to task-relevant pages and a greater willingness to adapt
processes and behaviors based on search results, thereby maximizing the likelihood of
successfully locating and accessing relevant information.

2.2 Affective and dispositional attributes associated with online inquiry

While there is clear evidence regarding the important role of cognitive processes and
strategies within online inquiry, researchers have also highlighted the need to explore
further the relationships of dispositional attributes, including self-efficacy and motiva-
tion, within online inquiry (Naumann 2015; Zylka et al. 2015).

Self-efficacy Research has emerged that shows self-efficacy as being positively associ-
ated with strategy use and self-regulation within online reading tasks (Tsai and Lin
2004; Hofman et al. 2003; Senkbeil and Ihme 2017; Winne and Hadwin 2008). For
example, positive self-efficacy was associated with increased self-monitoring within
environments that include hypermedia (Greene et al. 2018; Moos and Azevedo 2009;
Senkbeil and Ihme 2017), as would be found on the Internet. Notably, self-monitoring
helps an individual to be more responsive to the ongoing results of the search for
information, adapting and changing strategies as necessary to maximize success, which
subsequently improves self-efficacy. Salmerón et al. (2018) found that students who
were more confident, i.e., self-efficacious, in using the Internet for informational
purposes were also more persistent in their searches. On the other hand, poor self-
efficacy limited the use of cognitive and metacognitive strategies inherently necessary
within online tasks (Moos and Azevedo 2009; Naumann 2015). Students with poor
self-efficacy were more likely to disengage from the inquiry process, especially when
success was not immediately forthcoming. Disengagement decreased subsequent mo-
tivation to engage with online resources later (Naumann 2015).

Value and interest Motivation is often a determinant of behavior, with value and
interest representing important components associated with motivation. For example,
when an individual has a personal interest in task or topic, the person is more likely to
value opportunities to engage with related information, and subsequently will
experience motivation. Moos (2014) found students who were highly interested in a
topic or driven by internal goals were more active in self-monitoring or evaluating
content found online, which facilitated later synthesis of information as the students
gained greater conceptual knowledge. Interest also created the condition for students to
be more thorough in their browsing and they were more likely to critically evaluate
content (Hofman et al. 2003; Moos 2014). This was especially true when Internet users
were seeking information relative to self-selected questions associated with authentic
problem-based tasks or given choice and flexibility within the search process. Value
and interest have also been associated with individual persistence in situations or tasks
that were cognitively demanding, such as those associated with searching for informa-
tion online. In O’Byrne and McVerry’s (2009) research, persistence was identified as
one of four attributes important for successful inquiry. Notably, there is evidence of
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positive correlations between motivation and persistence, which increases the likeli-
hood of successful searches for information (Moos and Azevedo 2009; Moos 2014;
Paul et al. 2017; Salmerón et al. 2018).

Anxiety Conversely, anxiety demonstrates a negative correlation with self-efficacy and
motivation (Naumann and Sälzer 2017; Zylka et al. 2015). Therefore, anxiety repre-
sents a barrier to the students as they search for information online. Investigations have
revealed detrimental effects of anxiety, including the interruption of cognitive process-
ing (Derakshan and Eysenck 2009) and a lack of persistence in pursuing searches
(Brosnan et al. 2012). However, conclusions have been formed within examinations of
computer anxiety or Internet anxiety, in general (see Paul and Glassman 2017). There is
a lack of current research that has specifically examined the impact of anxiety on tasks
that involve locating information in online environments, i.e., online inquiry.

In sum, it is clear that seeking relevant information online introduces new challenges
for the reader given the advanced cognitive demands as well as the dispositional and
affective attributes required for continuous motivation and engagement. As a result,
there is a need to investigate and understand factors impacting students’ information-
seeking activities on the Internet, especially within academic activities.

2.3 International comparisons: Germany and the United States

Germany and the United States, the two countries from which the participants in this
research were drawn, have not been compared in aspects associated with online
information-seeking activities. This is largely due to variance in participation in PISA,
ICILS, and, recently, ePIRLS. For example, the U.S. did not complete the optional ICT
portion of PISA 2012 and began participating in ICILS in 2018, while Germany was
not among the participants reported by Mullis et al. (2017) in the ePIRLS report. Yet,
they share multiple characteristics that would seemingly yield cross-cultural insights.
As noted previously, both countries have identified conceptually similar concepts and
processes related to inquiry within their educational standards (see Ministerium für
Kultus, Jugend und Sport Baden-Württemberg 2016a, 2016b; National Governors
Association and Council of Chief State School Officers 2010). In addition, each
country has high rates of Internet use for school-related purposes. For example, in
Germany, 70% of the 9- to 13-year-olds report using search engines at least once a
week and it has been estimated that 50–60% of students use the Internet for out of
school learning activities, spending about 39 min per day using the computer and the
Internet (Feierabend et al. 2016; Medienpädagogischer Forschungsverbund Südwest
2014). In the United States, it has been estimated that more than 90% of school-age
children are online using the Internet as a tool for gathering information, with more than
30% using it daily for this purpose (Madden et al. 2013).

There also appear to be differences in the preparation of students to engage in online
inquiry activities, despite similarities in educational standards. Prior research has shown
that many German teachers do not emphasize methods to access online information or
teach students to examine information found online for reliability and trustworthiness
(Eickelmann et al. 2014; Fraillon et al. 2014). Teachers in the U.S., on the other hand,
appear more likely to require the students to engage in information searching within a
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teacher directed approach, as opposed to searching for authentic purposes (Hutchison
and Reinking 2011). These contrasts in instruction may manifest themselves differently
with respect to the strategies and attitudes students demonstrate as they seek informa-
tion online. Previous research findings by the authors (see Putman 2014; Putman et al.
2015) revealed similar tendencies with regard to student use of the Internet; yet, there
also differences in the capacity to self-regulate and in the levels of persistence and
motivation displayed by the students.

2.4 Purpose of the study

Given this context and due to a long-term research collaboration between the
authors’ universities within the two countries, this investigation sought to
answer questions specifically comparing learners in Germany and America.
Acknowledging that cross-cultural research is challenging given the necessity
of assuming the equivalency of context and that cognitive processes and
affective variables have proven to be sensitive to cultural differences (Heine
and Buchtel 2009), the authors specifically sought to compare German and
American students’ strategies and affective (dispositional) attributes related to
searching for and locating information online. Given the exploratory nature of
this research, it is important to note the sample was not intended to be
representative of all students in either country. As such, comparisons of stu-
dents from the two different countries in this sample may be used to identify
preliminary similarities and differences, providing impetus for future investiga-
tions. In this study we sought to examine the following research questions:

& Research question 1 (RQ1): What is the measurement invariance of the SORAB
[name redacted for blind review] across samples from Germany and the United
States?

& Research question 2 (RQ2): What are the differences between German and Amer-
ican students’ cognitive strategies and affective attributes for online inquiry?

& Research question 3 (RQ3): How do German and American students compare
regarding Internet experience and usage?

3 Method

3.1 Participants

The participants for the investigation were 784 5th and 6th grade students in
the United States and Germany. The sample of 426 students from the U.S. was
drawn from four schools in the Midwest. The sample consisted of 230 5th
graders and 196 6th graders. Gender was equally distributed in the sample, with
males and females each represented by 213 participants. A sample of 358
participants from the German state of Baden-Wuerttenburg were included,
totaling 107 5th graders and 251 6th graders from three schools. Of the 358
participants, 159 were male and 188 were female (One participant did not
indicate gender).
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3.2 Instrument

SORAB was developed to measure students’ behavioral and dispositional attributes
relative to online inquiry tasks. Two versions of SORAB were used in this research: the
original English version was used with American participants (Putman 2014) and a
version translated into German was used with the German participants. Each version
included 53 items (See Appendix A), measuring:

Cognitive Strategies Affective Dispositions

1. Self-regulatory behavior (SRL) (14 items)
2. Cognitive and behavioral engagement (CBE) (11 items)

1. Efficacy for online reading (EOR) (6 items)
2. Value/interest (VI) (13 items)
3. Anxiety (8 items)

With the exception of the subscale to measure self-regulatory behavior, items
were written in a 4-point response scale from strongly disagree (1) to strongly
agree (4). The scale measuring self-regulatory behavior was also written on a 4-
point scale with response options of “never”, “sometimes”, “often”, and “all the
time.” Each subscale, with the exception of Anxiety, was scored with the most
positive response receiving the highest point value (4). Of note, items on the
anxiety subscale had to be reverse-coded to reflect more positive dispositions
(higher score) versus less positive dispositions, e.g. higher anxiety. Total score
on the instrument is represented by the sum of the subscales. Higher scores, on
the instrument are theorized to be indicative of greater cognitive strategy use as
well as more positive dispositional attributes.

A translated version of SORAB (SORAB-G) was created using the protocol
established by Peña (2007). The process consisted of the following steps:

& Co-author translated SORAB into German;
& Translated instrument was examined by two individuals with dual language

proficiency;
& The two SORAB versions were compared, and, where applicable, differences were

noted and discussed. Modifications were proposed based on examinations and
comparisons of the two forms to ensure maximum coherence and consistency of
meaning of individual items across the two forms;

& A pilot test was conducted at two schools. Modifications to the instrument were
proposed based on their responses in the pilot.

& Back translation was conducted by an individual fluent in English and German;
& Final examination of the instrument was conducted by a faculty member from the

German co-authors’ institution who was fluent in English and German.

Participants in Germany completed SORAB-G in their respective school classroom. A
paper copy of the instrument was administered by a co-author or a trained research
assistant. Prior to administration of the instrument, proctors presented a list of pertinent
vocabulary to ensure participants understood all terms included in SURVEY-G. A
trained research assistant collected and compiled information from all survey responses
into SPSS for subsequent data analysis.
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While not used within the computation of a score on SORAB, five additional
questions (see Appendix A) were included within the administration of the instrument
to examine factors specific to Internet use that may have a related impact on strategies,
attitudes, and beliefs. These included comfort level for Internet use, overall experience
(time) using the Internet, frequency of Internet use at school and at home, and average
time spent using the Internet per week.

3.3 Data collection

In the United States, SORAB was administered to all participants in their respective
school classroom or computer lab by a trained research assistant or the classroom
teacher, who was provided with directions for administration. Administration was
primarily completed using computers or tablets; however, several teachers expressed
a preference for paper copies of the instrument, thus a portion of the sample completed
a paper copy of the instrument that was identical to the electronic copy.

Participants in Germany completed SORAB-G in their respective school classroom.
Prior to administration of the instrument, proctors presented a list of pertinent vocab-
ulary to ensure participants understood all terms included in SORAB. A paper copy of
the instrument was administered by a co-author or a trained research assistant. Prior to
administration of the instrument, proctors presented a list of pertinent vocabulary to
ensure participants understood all terms included in SORAB-G. A trained research
assistant collected and compiled information from all survey responses into SPSS for
subsequent data analysis.

3.4 Data analysis

Relative to RQ1, Cronbach’s alpha was used to see if the responses to the survey
questions were consistent (internal consistency). The structural aspect of validity
(Messick 1995) of participants’ responses to the survey was provided with outcomes
from Confirmatory factor analysis (CFA). The goodness of fit indices included stan-
dardized root mean square residual (SRMR), root mean square error of approximation
(RMSEA), comparative fit index (CFI), incremental fit index (IFI), goodness-of-fit
index (GFI), adjusted goodness-of-fit index (AGFI), and the 90% confidence intervals
of RMSEA. Some research studies have questioned the validity of Hu and Bentler’s
(1999) two-index strategy in model fit assessment (Fan and Sivo 2005), and suggested
that this two-index strategy was based on very restrictive assumptions and tended to
reject adequately fitting models (Marsh et al. 2004). Therefore, this study placed more
emphasis on the combinations of multiple goodness-of-fit indices. The suggestions
provided by MPlus to add paths from observable variables to latent variables were not
followed because this could mechanically fit the model not suggested by theory
(MacCallum et al. 1992). Error covariances between observable variables within each
latent construct were not added because the models were acceptable without these error
covariances (Figs. 1 and 2).

As the sample consisted of students from the United States and Germany, it was
necessary to test if the factor loadings, intercepts, residual variances, and the factor
variance/covariances were the same between participants from each country in the
measurement model first. Dimitrov (2010) suggested three steps and five models to test
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Fig. 1 Construct of SORAB, German Sample
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Fig. 2 Construct of SORAB, US Sample
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factorial invariance across groups. The three steps are: (a) configural invariance; (b)
measurement invariance; and (c) structural invariance. Model 0 tests configural invari-
ance by fitting a baseline model for each group separately without any constraints
(Model 0). Models 1–3 test measurement invariance by constraining: (a) the factor
loadings to be the same across the groups (Model 1 – weak measurement invariance);
(b) both factor loadings and item intercepts to be the same across the groups (Model 2 -
strong measurement invariance); and (c) factor loadings, item intercepts, and residual
variances to be the same across the groups (Model 3 - strict measurement invariance).
Finally, structural invariance was tested by constraining factor loadings, item intercepts, and
factor variances/covariances to be the same across the groups (Model 4). Statistically
significant changes in chi-square values relative to the changes in degrees of freedom and
changes inCFI values of less than−.01were used to flag significant differenceswhen testing
the models (Cheung and Rensvold 2002). After the establishment of invariant factor
loadings and partial invariance of intercepts, Pearson correlation and multivariate analysis
of variance (MANOVA)were employed to compare the responses from the German and the
U.S. students. Finally, percentage frequencies were computed for Internet experience and
usage questions that were incorporated into SORAB.

4 Results

The primary results are presented relative to the respective research questions.

4.1 Measurement invariance of SORAB (RQ1)

Cronbach’s alpha were reported in Table 1 for each construct and for the students from
each country. Although the Cronbach’s alpha values were relatively low for the German
students’ responses to items used to measure EOR and CBE, respectively, and for the
U.S. students’ responses to items used to measure EOR only, these values are accept-
able using Nunnally’s (1978) suggested criterion of .70.

Results from Confirmatory Factor Analyses of the data for each sample were
presented in Table 2.

The combination of all goodness-of-fit indices in Table 2 suggests that the U.S.
sample and the German sample data fit our theoretical model and the model from the
Exploratory Factor Analyses in Putman's (2014) previous study very well except one
item (Item 7 for VI). This item is worded as “I can relax better if I read something in a

Table 1 Internal Consistencies

Number of Items US Germany

Efficacy for Online Reading (EOR) 6 .74 .67

Cognitive & Behavioral Engagement (CBE) 11 .86 .79

Value/Interest (VI) 13 .87 .84

Self-Regulation (SRL) 14 .86 .81

Anxiety (AXT) 8 .86 .82

Note. One item (#7) from VI was removed from this analysis
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book or magazine rather than in the Internet.” In comparison to other items in this
construct, which focused on the articulation of a preference to read on the Internet, the
item presented a reversed focus. Prior research (see Sonderen et al. 2013) has revealed
that variation in items that incorporate a contrary focus can cause misunderstandings,
especially after translation. Our data screening showed that the variance of this item is
larger than that of all other items, indicating that some respondents may have been
confused with the meaning of this item.

Results of factorial invariance tests between the U.S. and German samples were
presented in Table 3. We will present the results of the factorial invariance tests in the
sequence of the three steps in our methodology.

4.1.1 Configural invariance

Model 0 tested the configural invariance of SORAB by fitting a baseline model for the
U.S. group and the German group separately without any constraints. The result
indicated that the data fit the model very well, CFI = .84, RMSEA = .05, and
SRMR = .04.

Table 2 Fit Indices for the Measurement Model

Step χ2 df CFI IFI SRMR RMSEA LL UL

Germany 2618.77 1264 .91 .91 .07 .055 .052 .058

US 2107.82 1264 .97 .97 .05 .040 .037 .043

Note. (a) LL refers to the lower limit and UL refers to the upper limit of the 90% confidence interval of
RMSEA; (b) U.S. is the measurement model for U.S. students and Germany is the measurement model for
German students

Table 3 Factorial (Measurement and Structural) Invariance between U.S. and German Students

Model df χ2 Comparison Δdf Δχ2 CFI ΔCFI RMSEA

M0 2526 4560.62 .84 .05

M1 2573 4606.38 M1-M0 47 45.76 .83 −.01 .05

M2 2625 5404.39 M2-M1 52 798.01* .78 −.05 .06

M2P 2614 4655.76 M2P-M1 41 49.37 .83 .00 .05

M3 2652 5229.64 M3-M2P 48 573.88* .78 −.05 .05

M3P 2656 4696.34 M3P-M2P 42 40.58 .83 .00 .05

M4 2623 4671.86 M4-M2P 10 16.10* .83 −.01 .05

Note. (a)χ2= chi-square fit statistic (under robust maximum-likelihood estimation); CFI = comparative fit
index; RMSEA= root mean square error of approximation; M0 = baseline model (no invariance imposed);
M1 = invariant factor loadings; M2 = invariant factor loadings and invariant intercepts; M2P = invariant factor
loadings and partially invariant intercepts (free intercepts of Y7, Y14, Y20, Y23, Y27, Y32, Y38, Y45, Y52,
Y53, CBE and AXT); M3 = invariant factor loadings, partially invariant intercepts, and invariant residual
variances; M3P = invariant factor loadings, partially invariant intercepts, and partially invariant residual
variances (free residual variances of Y2, Y10, Y13, Y15, Y28, Y29, Y47, Y52 and Y53); M4 = invariant
factor loadings, partially invariant intercepts, and invariant factor variances and covariances; (b)ΔCFI < −.01
signals lack of invariance targeted by the respective comparison of nested models; (c) * p < .01
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4.1.2 Measurement invariance

Models 1–3 tested the measurement invariance. In model 1, the factor loadings were
constrained to be the same across the U.S. and the German groups. Our data fit the
model well with a change of CFI of −.01 but the change of Chi-square values was
statistically insignificant (Δχ2 = 45.76; df = 47, p > .05).

In Model 2, both factor loadings and item intercepts were constrained to be the same
across the U.S. and the German students. Our data suggest a misfit with a change of
CFI of −.05 and a statistically significant difference in the change of Chi-square values
(Δχ2 = 798.01; df = 52, p < .01). The modification indices provided by the MPlus
program suggested that the chi-square value for the goodness-of-fit of the model would
drop greatly (>20) if these 10 items were not constrained to be equal across the two
groups. As a result, the following intercepts were freed: Y7, Y14, Y20, Y23, Y27, Y32,
Y38, Y45, Y52, Y53, CBE and AXT.

The removal of the constraint of the intercepts of these 10 items and that of the
intercepts of two latent constructs (CBE and AXT) was necessary to ensure the chi-
square value and the degree of freedom relative to that of the weak invariance model (M1)
was statistically insignificant (Table 3). This result suggests the presence of item bias (or
differential item functioning) between the samples for the 10 items described above. That
is to say, how U.S. students and German students responded to these 10 items varied.
Moreover, the residual variances of nine items (Y2, Y10, Y13, Y15, Y28, Y29, Y47, Y52
and Y53) were found to be not invariant between the two samples (Model 3), thus only
evidence for partial measurement invariance between the U.S. and the German samples
was found in our study.

4.1.3 Structural invariance

The structural invariance was tested by constraining the factor variances and covari-
ances to be the same (Model 4). Our data fit the model very well and support partial
invariance of the measurement model between the U.S. and German samples (M4).

4.2 Comparisons between U.S. and German students’ cognitive strategies
and affective attributes (RQ2)

Data revealed that the measurement models between the U.S. sample and the German
sample has invariant factor loadings (M1), partial invariant intercepts (M2P), and partial
invariant residual variances. These results justify the comparison across the samples with
respect to the relations between latent factor variables (Dimitrov 2010). Therefore, we
further examined the convergent validity (external aspect of validity) by correlating the
factors with each other and by mean comparisons between the two samples.

The results showed a significant amount of similarity between the U.S. and the German
samples (Table 4). These results were consistent with the CFAmodels presented in Figures 1
and 2 and Model 1 in the invariance tests (invariance factor loadings).

Descriptive statistics for SORAB scores are presented in Table 5, and MANOVA results
suggested a statistically significant differences in the linear combination of the five latent
constructs, Wilk’s λ = 0.91, F (5, 778) = 15.93, p < .001, partial η2= .09. According to
Cohen (1992), this is a medium effect size. Tests of between-subjects effects indicated that,
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in comparison to German students, U.S students reported (a) higher levels of CBE, F (1,
782) = 16.93, p< .001, partial η2= .02 (small effect size); (b) higher levels of VI, F (1,
782) = 6.67, p< .001, partial η2= .01 (small effect size); and (c) lower levels of AXT, F (1,
782) = 23.96, p < .001, partial η2= .03 (small effect size). Students’ responses to EOR and
SRL were not statistically significant between the U.S. and the German students.

4.3 Comparisons between U.S. and German Student’s internet and experience
usage (RQ3)

The percentage frequency distribution of the Internet and experience usage questions
are reflected in Table 6. Results indicated that the most of the American students had
used the Internet for more than three years (85.8%), while German students were most
likely to have between six months and two years of experience. Perhaps relatedly, a
larger percentage of German students (14.5%) were uncomfortable using the Internet in
comparison to their American counterparts (2.6%). With regard to frequency of use,
students from the U.S. were more likely to use the Internet at school at least once per

Table 4 Relationships between Latent Constructs

CBE VI SRL AXT

U.S. EOR .72** .73** .33** .31**

CBE .51** .45** .32**

VI .29** .20**

SRL .01

AXT –

Germany EOR .53** .42** .19** .33*

CBE .52** .40** .34**

VI .15** .27**

SRL −.05
AXT –

Note. (1) EOR = Efficacy for Online Reading; CBE = Cognitive & behavioral Engagement; VI = Value/
Interest; SRL = Self-Regulation; AXT =Anxiety; (2) ** p < .01 (two tailed)

Table 5 Mean scores on factors
for participants from each country

EOR = Efficacy for Online Read-
ing; CBE = Cognitive & behav-
ioral Engagement; VI = Value/In-
terest; SRL = Self-Regulation;
AXT =Anxiety

U.S. Germany

M SD M SD

EOR 3.17 0.51 3.19 0.54

CBE 3.13 0.51 2.98 0.50

VI 2.91 0.54 2.80 0.56

SRL 2.57 0.57 2.55 0.49

AXT 3.18 0.63 3.39 0.56
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week (85.9% vs. 56.0%), while more than 90% students in each group used the Internet
at home at least once per week. Finally, more than 50% of German students indicated
they used Internet for more than five hours each week compared to slightly more than
35% of the American students.

5 Discussion

This research was directed towards the cross-cultural validation of SORAB and
provided an initial examination into the differences in strategies and affective attributes
for online inquiry between samples of students from the United States and Germany. As

Table 6 Percentages of participant responses to Internet experience/usage questions

Germany U.S.

Comfort

Very comfortable 20.2% 57.0%

Comfortable 63.8% 38.7%

Uncomfortable 14.5% 2.6%

Very uncomfortable 1.4% 1.6%

Experience

< 6 months 3.9% 2.4%

6–12 months 26.4% 3.6%

1–2 years 50.0% 8.3%

3–5 years 18.3% 32.9%

> 5 years 1.4% 52.9%

Frequency-School

Daily 5.6% 5.6%

2–3 times/week 14.0% 55.4%

1/week 36.4% 24.9%

1/month 26.6% 9.4%

< 1/month 17.4% 4.7%

Frequency-Home

Daily 43.3% 59.1%

2–3 times/week 39.7% 26.4%

1/week 13.4% 7.1%

1/month 2.8% 2.8%

< 1/month .8% 4.7%

Weekly Usage

0–1 h 15.9% 24.5%

2–4 h 33.2% 40%

5–7 h 34.6% 17.4%

8 -10 h 13.1% 9.2%

> 10 h 3.1% 8.9%
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such, it provides insights about students in two countries that have high rates of Internet
use as well as educational standards focused on preparing students to engage in
information-seeking activities online. Results from this study suggest a weak measure-
ment invariance (invariant factor loadings, partial invariant intercepts, and partial
invariant residual variances) between the U.S. and German students’ responses to
SORAB. Although only 10 out of 52 items were noted to have different intercepts,
researchers should be cautious when using SORAB to compare German and U.S.
students. The invariant factor loadings suggest that comparisons between the two
samples with respect to relationships are warranted, however.

5.1 Differences in cognitive and behavioral engagement

Comparisons of the results of SORAB indicated that students from the United States
demonstrated higher levels of cognitive and behavioral engagement within online
inquiry than the German students. The cognitive and behavioral engagement subscale
focuses on the strategic, goal-directed behaviors that occur before and during inquiry,
each of which contributes to successfully locating relevant information (Cho and
Afflerbach 2017; Frerejean et al. 2019). Included, for example, are items that address
formulating a question before searching, making inferential judgments or predictions
when selecting links, and determining if information on a website is reliable or
trustworthy. Importantly, though, the items focus on assessing respondents’ beliefs,
i.e., confidence, in their capacity to engage in the behaviors as opposed to actually
enacting the strategies or behavior directly within the process of engaging in inquiry.
Stated another way, the findings did not demonstrate that the U.S. students were more
proficient in the strategies that have shown to be important on effective inquiry (Brante
and Strømsø 2018; Naumann 2015), but they appeared more confident in their ability to
engage in them.

One potential explanation for the difference is the longer period of time the American
students have been using the Internet (see Table 6). Notably, familiarity has been shown to
impact engagement positively (Naumann 2015). German students tend to start using the
Internet later (OECD, 2015), and over 80% of the German participants in this investigation
had fewer than 2 years of experience, whilemore than 85%of the students from theU.S. had
more than three years. Furthermore, the frequency of use of the Internet in schools by
American students was much higher. Despite high rates of Internet use overall, multiple
studies have shown that German students are less likely to use the Internet in school (see
Eickelmann et al. 2014; Paul et al. 2017); yet, it has been shown that the use of the Internet in
school contexts has proven impactful on strategic use and engagement (Mullis et al. 2017;
OECD 2015). Experience and familiarity, in combination, could contribute to positive
beliefs. Finally, given students from the United States have been shown to overestimate
their abilities, a portion of difference may be attributable to cultural variation in response
styles (Putman et al. 2015).

5.2 Differences in value and interest

The value/interest subscale measured participants’ views of the Internet as a valuable
learning tool, including a preference to use the tool over traditional means, i.e., books.
Within the results, the American students demonstrated a more positive attitude toward
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using the Internet as opposed to traditional print materials. Examining Table 6, more
than 50% of the German students used the Internet for more than 5 h per week,
compared to 35% of Americans, which would seemingly present contradictory evi-
dence. However, several studies (see Naumann 2015; Salmerón et al. 2018) have
shown a high preponderance of Internet use for social activities rather than
information-seeking purposes by German youth, which may be a contributing factor
to the discrepancy. Not all activities that use ICT enhance knowledge and skills, and use
of the Internet for social activities does not produce or develop skills necessary to
engage in information seeking activities, including task-specific navigation.

5.3 Differences in anxiety

Prior research has shown anxiety to be negatively correlated with ICT engagement and
motivation to engage with digital texts (Naumann and Sälzer 2017; Zylka et al. 2015).
Acknowledging this research as well as the findings relative to the value/interest
subscale, the corresponding higher levels of anxiety expressed by the German students
was consistent with prior research. Examining usage and experience data, over 95% of
the students from the United States indicated they were comfortable or very comfort-
able using the Internet compared to 84% of the students from Germany. What is
noteworthy is that more than 14% of the German students indicated they were
uncomfortable using the Internet. Thus, it could be inferred that a small portion of
the German sample may be the cause of the significant differences related to anxiety.

5.4 No significant differences in self-regulation and self-efficacy

Results revealed no differences between the samples in comparisons of efficacy for
online reading (EOR) and self-regulation within online inquiry (SRL). Senkbeil and
Ihme (2017) have noted the positive correlation of ICT-related self-efficacy with ICT-
related self-regulation, thus this result is aligned with previous findings. Re-
examination of the items associated with EOR subscale, however, revealed that they
were focused more broadly on skills associated with browser use, e.g., “I feel confident
that I can use a browser to navigate the Internet.” Thus, generalized experiences of
simply using the Internet should contribute to these feelings of confidence. The items
on the SRL subscale were focused on the cognitive, affective, metacognitive, and
motivational processes before, during, and after inquiry. Notably, mean scores for each
group were very similar, falling between “sometimes” and “often” engaging in a
specific behavior. Each of the self-regulatory processes addressed within SORAB,
e.g., planning, establishing goals, and monitoring progress towards those goals, repre-
sent important skills that adolescents do not appear to consistently engage in while
conducting online inquiry (Brand-Gruwel et al. 2009). Thus, the results appear to
confirm prior research.

Additionally, the presence of a quantifier within each item that required
respondents to reflect about their actions in specific situations, e.g., “When I
am conducting research on the Internet, I stop and think about how well I am
doing and change strategies if necessary” may have proven influential to the
results. Given the contextually specific nature of tasks that require ongoing self-
regulation (see Greene and Azevedo 2007; Greene et al. 2018), the lack of
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difference may be attributable to the need for greater contextualization of the
prompts to facilitate understanding and differentiate the degree to which an
analysis of needs related to the online search for information could occur. Thus,
the lack of difference may be leading towards social desirability response bias
as the participants understood the necessity of performing the activity, and
answered based on that understanding.

6 Implications

This investigation represents the first attempt to directly compare German and Amer-
ican students’ cognitive strategies and affective attributes and results indicated it is
appropriate to use SORAB for this purpose. It is also clear there are some differences
between the two groups. Noting the exploratory nature of the research, additional
investigations are warranted to further explore the differences identified between the
samples.

Before addressing future research, it is important to acknowledge that cross-cultural
research necessitates the assumption of the equivalency of context. Thus, there must be
direct efforts made to address the additional contextual features present in each country/
region, including access, impetus for use, and predominant device, which may be
present and contribute to the reported differences as a result of systematic errors. The
presence of these errors must be accounted for and limited in future research through
direct efforts to more effectively triangulate data. To limit potential systematic bias, this
may include the incorporation of methods and processes to examine the activities that
the Internet is being used for as well as the devices being used, both in and outside of
school, by the students in each of the respective countries Within the classroom,
concurrently collecting observations of classroom instruction of teachers from each
country implementing activities that incorporate conceptually-aligned educational stan-
dards would also address the support and guidance accessible to students while using
the Internet for information-seeking purposes. If students are spending large amounts of
time on the former without guidance, they are not likely to engage in the necessary
metacognitive strategies and navigation skills for effective searching, as evidenced in
previous studies (see Naumann and Salmerón 2016). Furthermore, additional questions
may be incorporated into SORAB that are directed toward accessing student behaviors
and device use.

Perhaps as importantly, there is a need to combine information collected on the
attitudes and behaviors measured through SORAB with actual performance in digital
reading tasks. This could include observations of students engaged in searching the
Internet for specific information and the use of think-aloud protocols to examine
understanding as it relates to decision-making processes within these searches. Doing
so will allow researchers to extrapolate on the present findings related to cognitive and
behavioral engagement and their related influence in the inquiry process. Such research
could also be used to examine whether the influence of a positive self-efficacy for
online reading is mediated by value/interest as it relates to the inquiry tasks (see
Christoph et al. 2015). Noting the focus of large-scale assessments, i.e., ePIRLS, on
using more authentic, school-like assignments to measure performance, there may be
additional opportunities to examine the related impact of these attributes.
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Lastly, researchers would be advised to employ Item Response Theory (IRT) or
Different Item Functioning (DIF) analyses to continue examining the response patterns
between the U.S. and the German students to SORAB
. Doing so will allow more nuanced examinations that address the differences within
the subscales as well as further delineate item level differences that may occur within
the subscales that did demonstrate a significant difference. Doing so may provide
information regarding the relative emphasis of these factors, in combination with
contextual variables (see Naumann 2015; Salmerón et al. 2018), within the inquiry
process.

6.1 Limitations

The present study contributes to describing cross-cultural differences associated with
the behaviors and attitudes associated with finding information in an online environ-
ment, yet there are several limitations within this research that must be acknowledged.
Foremost among them, the participants were recruited from a convenience sample from
each of the countries and represent students from small geographic areas, thus the
results may not generalize to other samples more representative of the general student
population in each country. Additional research should seek to incorporate more
randomized sampling techniques to ensure a broader representation of various popula-
tions. This could include expanding the age-span to incorporate older, high school-age
students or university students who may engage in higher levels of Internet use. In
addition, as with any self-report measure, participant responses may be influenced by a
social desirability bias as students sought to answer each question based on what they
perceived to be the sought after or anticipated result. This social desirability bias could
also make the assumption of normal distribution of responses to items a challenge,
which could make the results from MANOVA invalid. Fortunately, the assumption
checks for the multivariate outliers, normality, homoscedasticity, homogeneity of
variance, and the homogeneity of variance-covariance matrices were all met with the
data collected in this study. This does not mean that that all the measurements in this
study are error-free. Errors could also be non-systematic. Therefore, future researchers
are highly recommended to check the model assumptions before interpreting the
results.

7 Conclusion

Given the ubiquity of Internet access and the knowledge that the majority of research
examining various constructs within online inquiry has been conducted on culturally
homogeneous samples, it’s important to begin to think about differences in how these
variables manifest themselves in various international contexts. Leu and his colleagues
(Leu et al. 2013) wrote, “Individuals, groups, and societies who can identify the most
important problems, locate useful information the fastest, critically evaluate informa-
tion most effectively, [and] synthesize information most appropriately” (p. 5) will have
a distinct advantage in global societies. Thus, cross-cultural comparisons will be
important to meaningfully understand how students in countries with a focus on
preparation in this area engage in information-seeking activities. This research
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represents a preliminary step and may further enable comparisons between German and
American that can be utilized to help facilitate effective teaching and learning processes
for students across the respective countries.

Appendix 1 Survey of Online Reading Attitudes and Beliefs [name
redacted for blind review]

Efficacy for Online Reading

1. I feel confident that I can use a browser (like Safari, Explorer, or Firefox) to navigate the Internet.

2. I feel confident that I can open a web address directly by typing in the address.

3. I feel confident I can use the “back” and “forward” buttons to move between web pages.

4. I feel confident that I can use a search engine (like Google) to locate material during research.

5. I feel confident understanding terms/words related to the Internet.

6. I feel confident trouble shooting Internet problems.

Cognitive & Behavioral Engagement

1. I am confident that I can think of a question to ask about content before reading/searching on the Internet.

2. I am confident I can skim the results of an Internet search page to see what link might be best.

3. I am confident that I can read the search summaries of websites carefully to understand the meaning of
information on the website.

4. I am confident that I can skim a website to decide whether or not the information is useful for my question.

5. I can stay focused on the information I need from a website rather than getting distracted by things I do not
need.

6. I am confident that can make a prediction about where a website link might lead if I click on it.

7. I am confident I can use knowledge of how a webpage is set up to help locate information on it.

8. I am confident I can use the search engine located within a website to find information on the site.

9. I am confident that I can combine information from more than one website in a way that makes sense to
other people.

10. I am confident that I can determine if information on a website is a reliable and trustworthy.

11. I am more careful in my research using the Internet when I know that I am going to be graded.

Value/Interest

1. I feel confident that I can find information on the Internet much faster than I can when I use a book to
search.

2. When I search for information on the Internet, I remember it better.

3. I prefer to use the Internet for research because it helps my grades.

4. Once I start researching information on the Internet, I cannot stop because I want to find the answers.

5. I would rather complete research on the Internet than using a book or magazine.

6. I would rather read on the Internet than read a book during free time.

7. Reading a book or magazine is more relaxing than reading on the Internet.*

8. I think kids who do not use the Internet miss out on a lot of important information.

9. I think kids who are really good at using the Internet get better grades in school.

10. Everyone should know how to use the Internet.

11. Being able to use the Internet is important to me.

12. I believe using the Internet for research and reading has made learning more interesting.

Education and Information Technologies (2020) 25:3357–3382 3377



13. Using the Internet for research is beneficial because it saves people time.

14. I believe the Internet makes it easier to get useful information.

Self-Regulation

1. When I have trouble understanding something on the Internet, I re-read the task.

2. When I have trouble understanding something on the Internet, I go ask a friend or classmate for help.

3. While I am conducting research on the Internet, I stop and think about how well I am doing and change
strategies if necessary.

4. When I become confused about something I am reading on the Internet, I scroll back to previous screens.

5. Before I begin to research on the Internet, I look to see if I can break the task into smaller pieces to make it
easier.

6. If I am researching something on the Internet, I can motivate myself even if the topic is boring.

7. When I have completed an Internet project, I think about how well it went and what I could change.

8. I always think about the information I am reading on the Internet to help me understand if it matches the
required information I am looking for.

9. When I encounter difficulties on the Internet, I work through them by telling myself that I can complete the
task.

10. Before I start a task on the Internet, I organize myself and think about how I will accomplish the task.

11. Before using information from a website to answer my question, I check to see if the author is reputable.

12. Before beginning an Internet search about a topic, I think about what I know about that topic.

13. When I navigate to a website on the Internet, I tend to read the whole page before clicking on any
hypertext (links).

14. Before beginning an Internet search about a topic, I think about whether I know how to find information
on it.

Anxiety

1. Researching information on the Internet intimidates me.

2. Researching information on the Internet makes me feel tense.

3. I feel helpless when asked to research information on the Internet.

4. I cannot relax when I am reading/researching on the Internet.

5. I believe it is easy to get lost when I am using the Internet for research.

6. Sometimes I worry that other kids do not think I can read on the Internet as well as they can.

7. I go out of my way to avoid using the Internet.

8. I feel anxious about using the Internet.

Additional Questions

1. How comfortable to you feel using the Internet? (Very comfortable, Comfortable, Uncomfortable, Very
Uncomfortable)

2. How long have you been accessing Internet? (Less than 6 months, 6 to 12 months, 1 to 2 years, 3 to
5 years, more than 5 years)

3. How frequently do you use the Internet at school? (Every day, 2–3 times per week, Once a week, Once a
month, Less than once a month)

4. How frequently do you use the Internet outside of school? Every day, 2–3 times per week, Once a week,
Once a month, Less than once a month)

5. On average, how many hours a week do spend on the Internet? (0–1 h, 2–4 h, 5–7 h, 8 to 10 h, More than
10 h per week)

*Denotes item removed from analysis
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