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The Internet has become one of the main sources of information for university students’
learning. Since anyone can disseminate content online, however, the Internet is full
of irrelevant, biased, or even false information. Thus, students’ ability to use online
information in a critical-reflective manner is of crucial importance. In our study, we used
a framework for the assessment of students’ critical online reasoning (COR) to measure
university students’ ability to critically use information from online sources and to reason
on contentious issues based on online information. In addition to analyzing students’
COR by evaluating their open-ended short answers, we also investigated the students’
web search behavior and the quality of the websites they visited and used during this
assessment. We analyzed both the number and type of websites as well as the quality of
the information these websites provide. Finally, we investigated to what extent students’
web search behavior as well as the quality of the used website contents are related
to higher task performance. To investigate this question, we used five computer-based
performance tasks and asked 160 students from two German universities to perform a
time-restricted open web search to respond to the open-ended questions presented in
the tasks. The written responses were evaluated by two independent human raters. To
analyze the students’ browsing history, we developed a coding manual and conducted
a quantitative content analysis for a subsample of 50 students. The number of visited
webpages per participant per task ranged from 1 to 9. Concerning the type of website,
the participants relied especially on established news sites and Wikipedia. For instance,
we found that the number of visited websites and the critical discussion of sources
provided on the websites correlated positively with students’ scores. The identified
relationships between students’ web search behavior, their performance in the CORA
tasks, and the qualitative website characteristics are presented and critically discussed
in terms of limitations of this study and implications for further research.

Keywords: critical online reasoning assessment, online information, web search, log file analysis, content
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INTRODUCTION

In the context of digitalization, society’s overall media behavior
has changed fundamentally. Digital technologies are opening up
new opportunities for accessing and distributing information
(Mason et al., 2010; Kruse, 2017; Tribukait et al., 2017). The
Internet has become one of the main sources of information
for university students’ learning (Brooks, 2016; Newman and
Beetham, 2017). Prior research indicates that the way students
process and generally handle online information can be strongly
influenced not only by personal characteristics but also by the
quality of the accessed websites and their content (Tribukait
et al., 2017; Braasch et al., 2018). Possible relationships between
qualitative website characteristics, students’ web search behavior
and their judging of online information, however, have hardly
been studied to date. In particular, there are hardly any studies
that examine the connection between different quality criteria
of websites and students’ evaluation of website quality. In
addition, most of the existing studies are based on students’ self-
reports and/or were conducted in a simulated test environment,
so that their generalizability regarding students’ actual web
search behavior in the real online environment (Internet)
remains questionable.

To bridge this gap, the study presented here aims to provide
empirical insights into the complex relationship between (1)
students’ search behavior, (2) students’ evaluation of websites,
and (3) the qualitative characteristics of the websites students
evaluated and used in their written responses in a free and
unrestricted web search, and (4) the real online environment
(Internet) where they find their sources. Therefore, the study
focuses on the research question: To what extent are students’
web search behavior – regarding the number and type of accessed
websites and webpages – as well as the quality of the used website
contents related to students’ critically reflective use of online
information?

While the multitude of online information and sources may
positively affect learning processes, for instance by providing
access to a wide variety of learning resources at low effort and
cost (Beaudoin, 2002; Helms-Park et al., 2007; Yadav et al.,
2017), online information might also have multiple negative
impacts on learning (Maurer et al., 2018, 2020). First, information
available on the Internet is not sufficiently structured (Kruse,
2017), so that students may, for example, feel overwhelmed
by the amount of information (“information overload,” Eppler
and Mengis, 2004). Second, since anyone can publish content
online, the Internet is full of irrelevant, biased, or even
false information. As a consequence, mass media rarely offer
complete information and sometimes even provide inaccurate
information as they are designed to exploit mental weak points
that may present judgmental traps or promote weak reasoning
(Ciampaglia, 2018; Carbonell et al., 2018). This holds particularly
true for social media (European Commission, 2018; Maurer
et al., 2018), whereby social networks and messengers, together
with online newspapers and news magazines, online videos and
podcasts, are considered the least trustworthy sources of news
or information. As a result, when learning with and from the
Internet, students face the heightened challenge of judging the

quality of the information they find online. The extent to which
the advantages of the Internet prevail or the disadvantages result
in students being overwhelmed or manipulated depends on their
abilities concerning search behavior and critical evaluation of
online information.

Especially considering students’ intensive use of the Internet
during their higher education studies, it is important to assess
and foster their critical online reasoning skills with suitable
measures. One promising approach consists of performance
assessments in an open-ended format using tasks drawn from
real-world judgment situations that students and graduates
face in academic and professional domains as well as in their
private lives (McGrew et al., 2017; Shavelson et al., 2019). We
therefore used a corresponding framework for assessing students’
ability to deal critically with online information, the Critical
Online Reasoning Assessment (CORA), which was adapted and
further developed from the American Civic Online Reasoning
Assessment (Wineburg et al., 2016; Molerov et al., 2019).
With this framework, we assessed university students’ ability to
critically evaluate information from online sources and to use
this information to reason on contentious issues (Wineburg et al.,
2016). To investigate the research question of this study, we used
students’ response data, including (i) their web browser history
with log files from the CORA task processing, (ii) their written
responses to the tasks, and (iii) the websites they visited and
the content they used during this assessment, and performed a
quantitative analysis of website characteristics.

THEORETICAL FOUNDATIONS

Students as Digital Natives?
The evaluation of information sources is crucial for successfully
handling online information and learning from Internet-based
inquiry (Wiley et al., 2009; Mason et al., 2010), and using
online information in a critical-reflective manner is a necessary
skill. Critically analyzing and evaluating digitally represented
information is necessary to cope with the oversupply of
unstructured information and to analyze make judgments about
the information found online (Gilster, 1997; Hague and Payton,
2010; Ferrari, 2013; Kruse, 2017). In higher education, it has
long been assumed that students, as the generation of digital
natives, are skilled in computer use and information retrieval and
thus use digital media competently (Prensky, 2001; Murray and
Pérez, 2014; Blossfeld et al., 2018; Kopp et al., 2019). However,
recent studies have shown that students perform poorly when
it comes to correctly judging the reliability of web content (e.g.,
McGrew et al., 2018). Although being familiar with a variety of
digital media (e.g., social networking sites, video websites; Nagler
and Ebner, 2009; Jones and Healing, 2010; Thompson, 2013),
students use them primarily for private entertainment or social
exchange, and are not capable of applying their digital skills in
higher education and critically transferring information-related
skills to the learning context (Gikas and Grant, 2013; Persike and
Friedrich, 2016; Blossfeld et al., 2018). Students often base their
judgment of websites on irrelevant criteria such as the order of
search results and authority of a search engine, the website design,
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or previous experience with the websites and the information
provided there, while they neglect the background of a website or
the credibility of the author (McGrew et al., 2017). For instance,
Wikipedia and Google were the most frequently used despite
students rating them as rather unreliable and students’ overall
use of all web search tools was rather unsophisticated (Judd and
Kennedy, 2011; Maurer et al., 2020).

The core aspect of a successful search strategy is the correct
evaluation and, in particular, selection of reliable websites and
content therein, as students form their opinions and make
judgments on this basis. If students refer to websites with biased
or misrepresented information, this inevitably leads to a lower-
quality or even completely incorrect judgment. It is therefore
particularly problematic that, according to first studies, students
struggle to evaluate the trustworthiness of the information they
encounter online and to distinguish reliable from unreliable
websites (McGrew et al., 2019). The expectation that today’s
students generally have a digital affinity is therefore not tenable
(Kennedy et al., 2008; Bullen et al., 2011). To be able to deal
successfully with online information, it is urgently necessary that
today’s students first learn to critically question, examine and
evaluate it (Mason et al., 2010; Blossfeld et al., 2018).

Critical Online Reasoning
The ability to successfully deal with online information and
distinguish, for instance, reliable and trustworthy sources of
information from biased and manipulative ones (Wineburg et al.,
2016) regarded Critical Online Reasoning (COR), which we define
as a key facet of critical and analytic thinking while using online
media (Zlatkin-Troitschanskaia et al., 2020). In contrast to other
concepts related to critical thinking, COR is explicitly limited
to use in the online information environment. Besides critical
thinking (Facione, 1990), COR refers to some aspects of digital
literacy, i.e., the ability to deal with digital information and
the technology required for it in a self-determined and critical
manner (Gilster, 1997; Hague and Payton, 2010; JISC, 2014),
which can be placed in the broader field of media competence and
communication (Gilster, 1997; Hague and Payton, 2010; McGrew
et al., 2017). Since the search for information using suitable
strategies is an important aspect of COR, there is a conceptual
overlap with ‘information problem solving’ (Brand-Gruwel et al.,
2009). It refers in particular to metacognition, which regulates the
entire COR process, including the development of an appropriate
(search) strategy to achieve the objectives, reflecting on the status
of information procurement and the search process.

In this respect, COR refers in particular to three superordinate
dimensions: searching and source evaluation, critical reasoning
and decision making (Zlatkin-Troitschanskaia et al., 2020).
Searching and source evaluation describes the evaluation of the
information and sources found online and includes the ability to
select, understand and evaluate relevant texts on a website and
to judge whether a source is credible, using additional resources
available online and by cross-checking with other search results.
Critical Reasoning means to recognize and evaluate arguments
and their components used in the sources found online with
regard to evidentially, objectivity, validity, and consistency.
Decision-making refers to the process of making a correct,

evaluative judgment and reaching a conclusion based on reliable
sources, which also includes explaining the decision in a well-
structured and logically cohesive way (for a more comprehensive
description of the COR construct, see Zlatkin-Troitschanskaia
et al., 2020).

Students’ Internet Search Behavior
When navigating the web, users can either directly access
websites that might provide the information they are looking for.
However, the most common way of finding a way through the
overwhelming amount of available information is to use a search
engine (Beisch et al., 2019). Students have to narrow down their
search and to select an appropriate website out of thousands of
search results presented by the search engine. In a next step, the
available information on a selected website has to be assessed in
view of the task or the general informational need. The process
of accessing websites, either directly or through search engines,
and browsing websites to examine the available information is
repeated until the user is satisfied with the findings (Hölscher and
Strube, 2000) and is able to construct a mental model that meets
their need for information.

When it comes to evaluating this process, there are two levels
need to be addressed: the websites themselves (search results)
and the information (content) provided by these websites. At
the website-level, both the depth and the quality of the search
behavior have to be considered (Roscoe et al., 2016). Depth
means that it is important that the search for information online
is extensive, in terms of both the number of search inquiries
and the number of visited websites. The extensive use of search
engines and various sources is a typical behavior applied by
experienced Internet users and has been shown to improve the
solving of web-related tasks (Hölscher and Strube, 2000; White
et al., 2009). In this context, Wineburg and McGrew (2016)
emphasize the importance of lateral reading: They found that if
professional fact checkers have to evaluate websites, they quickly
open various other tabs to verify the information with other
sources. Other groups like students, who focused more on single
websites and their features without cross-checking the content on
other websites, performed worse in the given tasks.

Moreover, it is not only important that a variety of
different sources is considered, but also that the information
comes from sources that can be trusted (Bråten et al., 2011).
In today’s digital information environment, where everyone
can publish and spread information online (e.g., via Blogs,
Wikis, or Social Network Sites), the Internet is also used
to disseminate misinformation or other manipulative content
(Zimmermann and Kohring, 2018). Thus, users need to be able
to effectively evaluate the sources they use when searching for
online information (Brand-Gruwel et al., 2017). Several studies
confirmed that experts from various domains such as history,
finance or health pay much more attention to the authors and
sources of online information than novices (Stanford et al., 2002;
Bråten et al., 2011), which ultimately contributes to a higher task
score (Brand-Gruwel et al., 2017).

In sum, it can be assumed that web search behavior is decisive
for successfully solving online information problems and tasks.
More precisely, the number of search queries, the number of
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visited websites as well as the type of the sources used may
contribute to a higher task score. To gain a deeper insight into
students’ web search behavior, we investigated how it can be
described regarding the number and type of visited websites.

As studies have shown, a person’s information seeking
behavior is influenced by various factors such as their information
needs (Tombros et al., 2005). One important variable is task
complexity, which can influence the search process in that,
as complexity increases, searchers make more search queries
and use more sources of information (Kim, 2008). In studies,
the search behavior of the users was also affected by whether
a task had a clear answer or was rather open-ended (Kim,
2008). Beyond the task, there are inter-individual preferences for
search strategies among users, as various attempts to assign users
to different search behavior profiles show (Heinström, 2002).
Similarly, differences between users and between tasks can be
assumed with regard to the preferred types of websites. Therefore,
it can be assumed that:

H1: There are differences related to both student characteristics and
CORA task characteristics in students’ web search behavior in terms
of the number and type of websites and webpages students used to
solve these CORA tasks.

Website Characteristics
Web search behavior refers both to judging the different websites
as well as to evaluating the information the websites provide
(Roscoe et al., 2016). In this respect, content quality can be
evaluated on different levels of website content. On a more formal
level, the topic of interest should be exhaustively covered, in
terms of the amount/scope of information provided as well as
the variety sources referenced, for the learner to gain knowledge
and a broad understanding of a topic (Gadiraju et al., 2018).
For example, in the field of digital news media and political
knowledge, findings show that exposure to established news sites,
which provide full-length articles and usually disclose the sources
they use, has positive outcomes for the gain of information
(Dalrymple and Scheufele, 2007; Andersen et al., 2016) while the
use of social network sites as a source for information has no
(Dimitrova et al., 2011; Feezell and Ortiz, 2019) or even negative
(Wolfsfeld et al., 2016) effects. Unlike established news sites,
social network sites only provide news teasers and thus cover
only selected aspects of a topic that are not necessarily verified
(Wannemacher and Schulenberg, 2010; Guess et al., 2019), which
might explain the different effects in terms of information gain.

Additional criteria that are brought up frequently when
judging the quality of journalistic content usually focus on
specific content features. From a normative point of view, news
“should provide citizens with the basic information necessary
to form and update opinions on all of the major issues of the
day, including the performance of top public officials” (Zaller,
2003, p. 110). To fulfill this purpose, media content has to be
objective. That means media content should be neutral, meaning
without any kind of bias that is manipulative, for example by
favoring political actors or taking a certain side on a controversial
issue (Kelly, 2018). Closely related to neutrality is balance, i.e.,
media should cover a topic by mentioning different points of view

(Steiner et al., 2018). This is especially important for solving social
conflicts in a democracy (McQuail, 1992) but also for increasing
the knowledgeability of citizens (Scheufele et al., 2006). Another
facet of objectivity concerns factuality, i.e., media content should
be based on relevant and true facts that can be verified.

In sum, a neutral and balanced coverage based on facts
is a prerequisite for an informed citizenry that possesses
the necessary knowledge to form own opinions. Therefore,
these are important indicators for the quality of news and
online media (McQuail, 1992; Gladney et al., 2007; Urban and
Schweiger, 2014). Considering hypothesis H1, that students’
website preferences depend on the task, the quality of the used
websites likely varies by task as well. Therefore we assume:

H2: The quality of the used websites varies substantially between the
different CORA tasks.

Students’ Internet Search Behavior,
Website Characteristics, and COR
With regard to the number and type of websites visited, previous
findings have shown that relying on several trustworthy websites
and the effective use of search engines is a web search behavior
that is typically applied by experts and improves scores in online
information seeking tasks (Hölscher and Strube, 2000; White
et al., 2009). Wineburg et al. (2016), for instance, also emphasize
the importance of using a multitude of different websites while
searching for information. In their study, professional fact
checkers, who verified information from a website with a variety
of other sources, performed much better than other groups like
students, who focused more on single websites and their features
without cross-checking the content on other websites. Regarding
COR, it can be assumed that there is a comparable relationship
with search behavior. Consequently, we assume:

H3: During students’ web search, a larger number and variety of
websites used by a student is positively correlated with a higher COR
score, compared to using fewer websites.

Since COR includes not only the correct evaluation of websites
using other sources but also the critical handling of website
content and the integration of the information found into a final
judgment, it also relates to the content that websites provide.
As websites differ with regard to content quality, they provide
different baselines for COR. Regarding political information, for
instance, if media coverage was too short, not exhaustive enough
and from unreliable sources like social network sites, there was
no (Dalrymple and Scheufele, 2007; Andersen et al., 2016) or
even a negative effect on information gain (Wolfsfeld et al.,
2016). The same applies to normative quality criteria such as
neutrality, balance and facticity, which were positively related
to information gain (Scheufele et al., 2006). Therefore, it can be
assumed that:

H4: There is a positive correlation between the quality of the media
content students used to solve the CORA tasks and their COR score,
i.e., higher quality corresponds to a better COR score.
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MATERIALS AND METHODS

Assessment of Critical Online Reasoning
To measure critical online reasoning (COR) we used five newly
developed computer-based performance tasks (hereafter referred
to as CORA) which were adapted from the US-American
Civic Online Reasoning assessment (Wineburg and McGrew,
2016; for details on the adaptation, development and validation
of CORA, see Molerov et al., 2019). Each task requires the
participants to judge (a) whether a given website or tweet
is a reliable source of information on a certain topic or (b)
whether a given claim is true or untrue by performing a time-
restricted open web search to respond to the task questions.
In CORA, which comprises tasks on four different topics (Task
1: Vegan protein sources, Task 2: Euthanasia, Task 3: Child
development, Task 4: Electric mobility, Task 5: Government
revenue; for an example, see Supplementary Appendix 1),
the participants had to evaluate the strengths and weaknesses
of given claims, evaluate the credibility and reliability of
different sources using any resources available online, and explain
their judgments.

CORA aims to measure students’ generic COR. Thus, the five
tasks were designed in a way that, although they addressed certain
social or political issues, students do not need prior content
knowledge to answer the CORA tasks. Rather, each task prompt
asks students to use the Internet to solve these tasks and formulate
their responses as written statements. In particular, the prompts
for tasks 1 and 3–5 provided a link to an initial website, which
the test takers were asked to evaluate. The written responses in an
open-ended format (short statements) to each task were scored
according to a newly developed and validated rating scheme
by two to three independent (trained) raters (for details, see
section “Procedure”).

Procedure
To explore our hypotheses, we conducted a laboratory
experiment. Prior to the survey, the students were informed
that their web history would be recorded and that their
participation in the following experiment was voluntary; all
participants signed a declaration of consent to the use of their
data for scientific purposes. Subsequently, the participants’
socio-demographic data and media use behavior were measured
with a standardized questionnaire (approx. 10 min). Afterward,
participants were randomly assigned three out of the five CORA
tasks to answer. For each task, the participants had a total time
of 10 min to conduct the web search and write a short response
(30 min in total).

Students were asked to use the preinstalled Firefox browser
and when they closed the browser, their browser history was
automatically saved using the “Browsing History View” feature
for Windows. Every change to the URL, caused either by clicking
on a link, entering a URL in the address line or searching with a
search engine, was logged. By giving participants one-time guest
access to the computers, we maintained their anonymity and
ensured that their Internet search results were not affected by
previous browser usage.

For the assessment of the students’ performance, their written
responses to the open-ended questions were scored by two
independent human raters using a three-step rating scheme
that was specifically developed based on the COR construct
definition (McGrew et al., 2017). Using defined criteria, the raters
judged whether the participants had noticed existing biases in
the websites linked in the tasks and had made a well-founded
judgment with regard to the question. This resulted in a score of
0, 0.5, 1, 1.5, or 2 points per answer (with 2 as the highest possible
score). We then calculated the interrater reliability and averaged
the scores of both raters for each participant and for each task,
whereby a sufficient interrater reliability was determined, with
Cohen’s kappa = 0.80 (p = 0.000) for the overall COR score. To
analyze the log file data, we conducted a quantitative content
analysis as described in the next section.

To test the hypotheses, we first analyzed the data descriptively.
The correlations expected in the hypotheses were tested
subsequently by means of correlation analyses, chi2-tests, one-
way ANOVAs and t-tests. All analyses were conducted using Stata
Version 15 (StataCorp, 2017) and SPSS 25 (IBM Corp, 2017).

Content Analysis of Log Files
To analyze the log files from the CORA tasks with a content
analysis (Früh, 2017), we developed a corresponding coding
manual (see Supplementary Appendix 2). The basic idea of this
methodological approach is to aggregate textual or visual data
into defined categories. Thereby, the coding process needs to be
conducted in a systematic and replicable way (Riffe et al., 2019).
The essential and characteristic instrument for this process is
the coding manual, which contains detailed information about
the categories that are part of the analysis. Moreover, the coding
manual also provides basic information about the purpose of the
study and the units of analysis that are used to code the text
material in the coding process (Früh, 2017).

In our study, we introduced two units of analysis: The first was
the browsing history with a log file for each participant and task.
First, formal information about the test taker ID and the number
of the task were coded. This coding was followed by the number of
URLs (websites) and the number of subpages of URLs (webpages)
that the participant visited to solve the CORA tasks. The second
unit of analysis were the individual URLs the participants visited
to solve the tasks. Thus, the raters followed the links provided
in the log file to access the information required in the different
categories of the coding manual. The coding process for this unit
of analysis also started with the coding of the test taker ID and the
number of the task to enable data matching. Then, after following
the link and inspecting the website (and webpages), raters had
to code the type of source. To determine the characteristics for
these categories, we selected sources that varied in their degree of
reliability. As reliable sources, we considered journalistic outlets
of both public service broadcasters1 as well as established private
news organizations2. Studies confirm that these outlets provide
information with a high qualitative standard (Wellbrock, 2011;
Steiner et al., 2018). Moreover, other reliable sources are those

1tagesschau.de
2spon.de
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provided by governmental institutions (e.g., Federal Agency for
Civic Education). Furthermore, we also considered scientific
publications as reliable sources, which are especially important
for finding online information in the context of higher education
(Strømsø et al., 2013).

Additionally, we also coded the responses according to
whether students relied on social media for solving the tasks
during the study, as they are frequently used as learning
tools in higher education. Here, especially Wikipedia plays an
important role as an information provider (Brox, 2012; Selwyn
and Gorard, 2016). The non-profit online encyclopedia invites
everyone to participate as a contributor by writing or editing
new or existing entries. Thus, although it can be considered the
largest contemporary reference resource that is freely available to
everyone, these entries are not made by experts and are published
without review (Knight and Pryke, 2012). Another important
social media channel for higher education is Facebook (Tess,
2013), which also offers some opportunities for learning since
students can connect with each other and share information
(Barczyk and Duncan, 2013). However, information spread over
Facebook is often unreliable or even false (Guess et al., 2019).
Moreover, Facebook is a tool that is predominately used to keep
in touch with friends and thus rather increases distraction when
it comes to learning (Roblyer et al., 2010). Thus, both Wikipedia
and Facebook but also blogs, Twitter, YouTube, Instagram,
and forums were considered in the coding manual. Sources
which have commercial interests like online shops of shops
of organizations were considered even less reliable than social
media are. Their purpose is not to provide neutral information
but to convince users to buy their products and to increase
financial profits.

In sum, the list of source types consisted of websites that
were part of the CORA task, social media sites, research
institutes, websites of governmental institutions, news sites, sites
of specialist magazines, scientific publications, book uploads,
online shops or sites of organizations. If none of these categories
matched the source used by a student, “other” was coded.
For each category, further subcategories were provided to
differentiate, for example, whether social media means that the
participant visited either Facebook or Wikipedia. Figure 1 shows
what types of websites students accessed according to this coding.
Figure 2 shows one example where a participant accessed the
following websites to find information for one of the CORA tasks.

Each of these websites is assigned a numerical code depending
on the type of source. The first entry is Wikipedia, which has the
value 22. The next URL goes back to a university website, which
is coded with 31. The same is true for the website of the PThU,
which is also a university and thus received the value 31. The next
two links are both established news websites and are coded with
52. Finally, youtube.com is a social media site and has the value
25 (for the coding manual, see Supplementary Appendix 2).

In a next step, we analyzed the quality of the content of the
online sources used by students when solving a CORA task. To
evaluate content quality, certain indicators were identified. In this
part of the coding process, the raters followed the links of the log
file and applied the coding scheme to the text on each webpage
the participant visited. Since the amount of information (text) on a
webpage and the use of external sources are particularly important

for learning and understanding concepts, these indicators were
considered as quality dimensions in our study. With regard to
the amount of information, the raters examined which sections of
the individual webpages dealt with the topic covered in the task
and counted the number of words in those sections. For coding
the number of external sources (scientific and non-scientific),
links in the texts as well as sources mentioned at the end of
the texts were also counted. If sources were mentioned in the
text, it was additionally coded if the text addressed the credibility
of these sources (0 – no/1 – yes). Other quality indicators that
are important for learning and understanding, and have thus
been considered in various studies on media quality, are balance
and facticity (McQuail, 1992; Gladney et al., 2007; Urban and
Schweiger, 2014). They too were part of the coding manual.
For balance, if the text has a clear stance that takes the side
of, for example, a certain actor or on an issue, 1 was coded.
If the text was rather balanced or did not take any side, 2 was
coded. Facticity addressed the relation of opinion and facts. Three
different codes indicated if the text contained (almost) exclusively
opinions (1), was balanced in this regard (2) or was (exclusively)
based on facts (3).

The coding process was conducted by two human raters. One
of these raters was responsible for the first recording unit (log
file), the other rater for the second (content of the websites).
Before starting the coding process, the raters were intensively
trained by the researchers of this study. To provide a sufficient
level of reliability, the researches and the raters coded the same
material and compared the results of the coding until the level of
agreement between researchers and coders reached at least 80%
for each category.

Sample
The sub-sample used in this study consisted of 45 economics
students from one German university and is part of the overall
sample (N = 123; see below) used in the overarching CORA
study (see Molerov et al., 2019; Zlatkin-Troitschanskaia et al.,
2020). Participation in the CORA study, which was voluntary,
was requested in obligatory introductory lectures at the beginning
of the winter semester 2018/2019, the summer semester 2019,
and the winter semester 2019/2020. To ensure more intrinsic
test motivation, for their participation in the study, the students
received credits for a study module.

For this article, a selected sub-sample of the participant data
was used, since the coding and analysis of all websites the CORA
participants used to solve these tasks was hardly feasible for
practical research limitations. When selecting this subsample,
we included students from all study semesters represented
in the overall sample. Another important criterion for the
sampling was the students’ central descriptive characteristics
such as gender, age, migration background and prior education,
which may influence students’ web search behavior and COR
task performance.

The majority of the 45 participants were at the beginning
of their studies (m = 1.76, SD = 1.45, with an average age of
21.5 years (SD = 2.82) and an average school-leaving grade of 2.44
(SD = 0.62); 60% of the participants were women.

The subsample used in this study, which is relatively large
with a view to the comprehensive analysis conducted in this

Frontiers in Education | www.frontiersin.org 6 November 2020 | Volume 5 | Article 565062

youtube.com
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-05-565062 November 13, 2020 Time: 14:23 # 7

Nagel et al. Website Characteristics and Online Reasoning

FIGURE 1 | Origin of the websites.

FIGURE 2 | Excerpt from a log file.

study, can be considered representative for both the total sample
of the CORA study and for German economics students at the
beginning of their studies in general: For instance, the overall

CORA sample consists of 123 students with 61% women, an
average age of 22 years (SD = 2.82), and an average study
semester of 2.02 (SD = 1.82). There are also hardly any differences
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TABLE 1 | Average number of visited websites and webpages per task.

Task Sample Websites (SD) Webpages (SD) Score (SD)

1 24 2.54 (SD = 1.77) 2.67 (SD = 2.35) 0.88 (SD = 0.82)

2 29 4.86 (SD = 1.87) 2.07 (SD = 1.79) 1.39 (SD = 0.62)

3 29 2.07 (SD = 1.13) 5 (SD = 4.18) 0.66 (SD = 0.64)

4 25 2.88 (SD = 1.67) 4.76 (SD = 4.91) 0.84 (SD = 0.53)

5 28 2.93 (SD = 1.80) 4.21 (SD = 4.28) 0.81 (SD = 0.40)

regarding the school-leaving grade, with an average of 2.41
(SD = 0.52). In comparison with a representative Germany-wide
sample of 7111 students (Zlatkin-Troitschanskaia et al., 2019) in
their first semester, there are also hardly any differences in terms
of age (m = 20.41, SD = 2.69) and school-leaving grade (m = 2.37,
SD = 0.57). Only the proportion of women in the German-
wide representative sample is slightly lower (54%). However,
since previous studies did not find any gender-specific effects on
COR performance (Breakstone et al., 2019), this study assumes
that there is no discrepancy of this kind that should be taken
into consideration.

RESULTS

Students’ Internet Search Behavior (H1)
To examine the online search behavior of students, both the
number of websites and webpages as well as the type of websites
students visited while solving the CORA tasks were examined.
The findings are displayed in Table 1. On average, the number
of visited websites was highest for task 2 and lowest for task 3.
With regard to the visited webpages of a website, however, the
pattern was exactly the opposite: Task 3, for example, had on
average the most webpages visited per participant, whereas task
2, with m = 2.07 (SD = 1.79), had the fewest. This pattern shows
that for task 2, participants rather relied on several websites,
while for the other tasks they browsed the webpages of websites
more intensively.

With regard to the type of source, a descriptive analysis
showed substantial differences between the tasks. In tasks 1, 3, 4,
and 5, for instance, one of the most frequently visited pages was
the one given in the task prompt (n = 24 in task 1 – n = 33 in task
5), whereas no website was given as a starting point for task 2 (see
Table 2 and Figure 1).

All students complied with the task and accessed the pages
from the task prompts at least once. By contrast, for task 2 which
did not have a given start page, pages in the categories social
media (n = 21), news (n = 65) and scientific publications (n = 34)
were used more frequently than for the other tasks. In the other
tasks, significantly fewer pages of these categories were visited:
Social media pages were used four (task 3) to 17 times (task 5),
news pages seven (task 5) to 31 times (task 4), and scientific
publications or online catalogs were used not at all (task 4) to 5
five times (task 3).

Moreover, significantly more news pages were used for task
4 (n = 31) than for tasks 1, 3 and 5 (n = 7 – n = 9), and more
governmental web pages for task 5 (n = 13) than for the other

TABLE 2 | Number of accessed websites by website type and per task1.

Task Total

Type of website 1 2 3 4 5

1 Given in the task 24 0 29 25 33 112

2 Social media 12 21 4 9 17 63

3 Research Institute 2 4 4 0 3 13

4 Gov. Institution 1 7 4 1 13 26

5 News site 9 65 8 31 7 120

6 Professional journal 0 1 0 0 0 1

7 Scientific publication 3 34 5 0 3 45

8 Book uploads 4 2 3 2 2 13

9 Online shop 3 2 0 0 0 5

10 Other 3 2 3 3 3 14

61 139 60 71 81 N = 412

1Referring to the number of individual websites that all participants visited
across all tasks.

tasks (n = 1 in tasks 1/4 – n = 7 in task 2). Overall, the participants
most frequently used news pages (n = 120), pages from the tasks
(n = 112), social media (n = 63), and scientific publications
(n = 45). An examination using the chi2-test confirmed that
students’ use of website categories significantly differed between
the tasks (χ2 = 180.81, df = 36, p = 0.00).

Since the differentiation observed so far was still rather rough,
we conducted a more precise analysis based on the types of
online sources most frequently used by the participants. In
the case of news sites, the sites used by far most frequently
(60.8%) were established news sites that can be assigned to a
high-quality (national) newspaper or magazine3,4 (see Table 3).
Public broadcasting news sites3 (e.g., 15%) and local news
sites4 were accessed occasionally (11.7%). In contrast, other
sites that cannot be assigned to any journalistic offline product
and/or that disseminate rather unreliable news were used
little or not at all. When selecting news sites for research,
students apparently mainly relied on well-known and established
national and local news sites, while avoiding possibly less
well-known sites without offline equivalents and well-known
unreliable sites.

In the next most frequently used category, social media, the
students’ preference for Wikipedia was evident at 58.5% (see
Table 4), followed by blogs (15.9%) and various sources that
cannot be specifically assigned (14.3%). YouTube was also used a
few times (9.5%), while Facebook, Twitter, Instagram, and forums
were hardly or not at all used.

The third most frequently used type of website, scientific
publications or online catalogs, was almost exclusively used
in the form of pages of scientific journals (82.2%); online
catalogs of universities (4.44%) or Google Scholar (13.33%) were
hardly used at all. Overall, the analyses pertaining to H1 show
clear differences in students’ search behavior. Hypothesis H1 was
therefore not rejected.

3faz.net
4zeit.de
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TABLE 3 | Number of accessed news websites by subtype and per task1.

N = 120

Type of Source Freq. Percent

Public News Sites 18 15.00

Established Sites of a Quality Newspaper 73 60.83

Established Sites of a Tabloid Newspaper 3 2.5

News Sites not Affiliated to any Journalistic
Offline-Product (Trustworthy News)

4 3.33

Local News Sites 14 11.67

Alternative News Sites 8 6.67

120 100.00

1Referring only to the sub-group of news websites that the participants visited.

TABLE 4 | Number of accessed social media websites by subtype and per task1.

N = 63

Type of Source Freq. Percent

Wikipedia 37 58.73

Blog 10 15.87

YouTube 6 9.52

Online Forums 1 1.59

Other 9 14.29

63 100.00

1Referring only to the sub-group of social media websites that the
participants visited.

Quality of the Visited Websites (H2)
The second analyzed aspect of students’ web search behavior
concerns the quality of the webpage content that the respondents
visited to solve the CORA tasks. In terms of length, participants
visited websites that provided on average m = 2,448.81
(SD = 4,237.06) words that were relevant for the CORA
tasks. An examination of the average number of words on
the webpages used for each task showed that task 3 stands
out. Here, the webpages provided an average number of
4,865.31 (SD = 6,631.01) words, followed by webpages visited
to solve task 2 with m = 2,797.67 (SD = 5,230.25) words,
task 1 with m = 1,748.39 (SD = 2,126.10) words, task 4
with m = 1,559.41 (SD = 1,565.11) words and task 5 with
m = 1,458.41 (SD = 1,549.62) words. A one-way ANOVA of the
extent of the webpages grouped by task revealed that there are
significant differences between the tasks [F(4) = 7.70; p < 0.001].
A comparison between the groups with a post hoc test (Tamhane
T2) showed that task 3 significantly differs from all other tasks
except for task 2 (p < 0.05). All other group comparisons were
not significant.

Another quality dimension concerned external sources (see
Table 5). Here, we investigated whether scientific sources or
non-scientific sources were mentioned on the accessed webpages
and whether the response text discussed the quality of the used
external sources. Concerning the first two categories, on average,
the websites used to respond to the tasks provided m = 6.92

TABLE 5 | Average number of scientific and non-scientific sources per task1.

Task Average number of
scientific sources (SD)

Average number of
non-scientific sources (SD)

1 7.48 (SD = 21.14) 3.09 (SD = 5.55)

2 6.38 (SD = 12.64) 2.88 (SD = 6.52)

3 22.16 (SD = 42.80) 3.90 (SD = 11.32)

4 0.13 (SD = 0.34) 4.28 (SD = 12.86)

5 2.19 (SD = 5.34) 8.41 (SD = 13.51)

1Referring only to the sub-group of scientific/non-scientific websites that the
participants visited.

(SD = 21.12) scientific sources and m = 4.48 (SD = 10.45)
non-scientific sources.

The analysis of the average number of sources per task
showed that for scientific sources, task 3 stands out. There,
participants relied on websites that provided many scientific
sources. For task 4, participants rather relied on sources with
almost no scientific sources. According to a one-way ANOVA
with the number of scientific sources as dependent and the
respective tasks as grouping variable, the tasks had a significant
effect for the number of scientific sources used [F(4) = 11.57;
p < 0.001]. The post hoc tests (Tamhane T2) showed that except
for task 1, all other tasks differed at least marginally from each
other (p < 0.10). Concerning non-scientific sources, participants
preferred websites with a higher number of this kind of sources
for task 4 and 5. All other mean values were rather similar. Here,
the effect of the task was also significant [F(4) = 3.87; p < 0.01].
However, according to the post hoc tests (Tamhane T2), only the
differences between task 5 and task 2 as well as task 5 and task 1
were significant (p< 0.05).

Finally, we analyzed whether the visited webpages referenced
additional sources that could allow for conclusions about the
credibility of the websites to be drawn. On average, this was the
case for 52 of the 3795 analyzed webpages. If the tasks are also
considered, for task 2, no webpage was used that addressed the
reliability of the sources. For all other tasks, the share of webpages
discussing the external sources was on a comparable level that
varied between 21.2 and 28.8%. An examination using the
chi2-test confirmed that there are highly significant differences
(χ2 = 28.67, df = 4, p = 0.00).

Further, we also investigated whether an article was balanced
and based on facts. Concerning balance, 138 of the 379 (36.4%)
webpages were rather unbalanced while the rest was classified as
balanced. If the tasks were taken into account, for task 1, the share
of webpages with rather unbalanced information was high with
70.7%, while for task 2 this share was rather low (10.6%). For task
3, about a third (32.8%) of the webpages was rather unbalanced
while the share for task 4 was 46.5 and 41.8% for task 5. A chi2-test
confirmed that the differences were highly significant (χ2 = 66.32,
df = 4, p = 0.00).

5This number differed from the number of 412 analyzed websites mentioned
before because 33 of the links were expired when the content analysis was
conducted. Even if, for example, the type of source could still be identified, the
content of the websites could not be used for the content analysis.
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TABLE 6 | Level of facticity of the visited websites per task1.

Task Mere opinion Balanced Mere facts Total

1 33 (56.9%) 13 (22.4%) 12 (20.7%) 58

2 3 (2.7%) 58 (51.3%) 52 (46.0%) 113

3 14 (24.1%) 24 (41.4%) 20 (34.5%) 58

4 31 (43.7%) 32 (45.1%) 8 (11.3%) 71

5 31 (39.2%) 26 (32.9%) 22 (27.8%) 79

Total 112 (29.6%) 153 (40.4%) 114 (30.1%) N = 379

1Referring to the number of individual websites that all participants visited
across all tasks.

The last category was facticity (see Table 6). If the tasks were
not considered, the participants chose roughly equal shares of
websites that were more opinion-based, balanced, and fact-based.
However, this depended again on the tasks, and every task had
a different pattern. Participants chose almost no opinion-based
websites for task 2 but rather preferred balanced or fact-based
content. The highest values for opinion-based content were
found for task 1, followed by tasks 4 and 5. In task 3, participants
preferred especially balanced websites. A chi2-test confirmed
that the differences were highly significant (χ2 = 79.70, df = 8,
p = 0.00). Based on the analysis results, H2 was not rejected.

Correlation of Search Behavior With the
COR Score (H3)
The descriptive examination of the average scores per task
showed substantial differences between the tasks, with
participants scoring best on average for task 2 with 1.39
points and worst for task 3 with 0.66 points (see Table 2). There
were significant positive correlations between the number of
websites visited and the task scores, for task 1 (n = 48, r = 0.59,
p = 0.000), task 3 (n = 52, r = 0.33, p = 0.02) and task 5 (n = 53,
r = 0.32, p = 0.02). Even if no significant effects were found
for items 2 and 5, a correlation of the total number of websites
used by the participants with their summed up overall scores
confirmed the overarching tendency that the use of a larger
number of websites in the processing of CORA tasks was
associated with a higher CORA score (n = 87, r = 0.49, p = 0.000).
Overall, the results indicated at least the tendency that visiting
more websites during the search was associated with a better
CORA test performance. Thus, H3 was not rejected.

Relationship Between the Quality
Characteristics of Visited Websites and
COR Score (H4)
When analyzing the relationship between the types of websites
used by students and their CORA task score, a corresponding
single-factor analysis of variance with the ten groups of websites
as independent variable and the total score of the participants as
dependent variable was just barely not significant (p = 0.06).

For a comprehensive analysis of the correlation between
different aspects of search behavior, we considered whether
the score was different between students who only visited the
websites specified in the task and students who visited additional

websites. To obtain the overall score, each participant’s scores
on all three completed tasks were added up, resulting in ranging
between 0 and 6 points. A corresponding t-test for the overall
score of both groups showed that the students who visited
additional websites, on average, achieved a significantly higher
total score of 3.20 points than the students who only stayed on
websites linked in the CORA tasks (2.72 points, p = 0.002).

To analyze the effects of the quality characteristics of the
website content on the score, the categories defined in the coding
manual (length, use of scientific sources, use of non-scientific
sources, discussion of the sources, balance and facticity) were
examined using correlation analyses. Here, we only found a
significant correlation for the discussion of external sources and
the overall score r = 0.22, (p = 0.000). All in all, with regard
to the characteristics of the visited websites, two characteristics
in particular had a significant correlation with the COR results:
While participants who only remained on the websites specified
in the tasks performed worse, the use of websites that critically
report sources had a positive effect. In sum, H4 had to be
partly rejected.

DISCUSSION

Interpretation of the Results
For this study, students’ critical online reasoning (COR) was
assessed using open-ended performance tasks, and their web
search behavior was analyzed using log files that recorded
their actions while solving the tasks. Concerning the CORA
task performance, the students show a low level of skill in
judging the reliability of websites, which confirms previous
findings (Wineburg et al., 2016; Breakstone et al., 2019). The
students’ web search behavior differs between tasks, and the
type and wording of the task appears to have a noticeable
correlation with the students’ search behavior. The identified
differences may be explained by the specific characteristics
of the respective tasks, as some of the tasks, for instance,
referred to everyday topics frequently addressed on the news
(e.g., task 4). When solving tasks that included a link to
a website, the participants tended to spend more time on
these websites and look at a larger number of subpages,
visiting fewer or no additional websites in the free web
search. In contrast, the students visited significantly more
websites while solving task 2, which had not included any
links to websites.

Furthermore, the students were found to have preferences
for certain types of websites, especially news sites, social media
(Wikipedia), and scientific journals, both across all CORA tasks
and with regard to the individual tasks, whereas other website
types such as blogs and online shops were neglected. Taking
into account the limited processing time, it can be assumed that
after reading the task and visiting the corresponding website, the
participants tried to gain an overview by visiting well-known
news sites, scientific journals, and online encyclopedias. The
deviations in task 2 also show that the content of the task prompt
and, in particular, whether a link to a website was included therein
appears to correlate with the resulting search behavior.
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The findings confirm that students have a strong preference
for Wikipedia as a source of information (Maurer et al., 2020).
This indicates that even though the students could certainly
pay more attention to scientific sources and should not rely
on Wikipedia as much as they do, they at least refrain from
using completely unreliable sources such as alternative news sites,
online shops, or Facebook. Wikipedia has a special status in this
regard. It has been repeatedly proven to be a reliable source of
information, which studies have attributed to the collaboration
between Wikipedia users. However, the fact that Wikipedia
articles are often written as a collaborative effort between
numerous users is also the reason why the credibility of the
Wikipedia articles cannot be guaranteed (Lucassen et al., 2013).

Overall, students tend to rely on sources they also typically
use to gain information in their everyday life (Beisch et al., 2019)
and might know from a university context (Maurer et al., 2020).
This is consistent with earlier findings that indicated that people
prefer to search for information on websites they are familiar with
through their own experience or that are generally well known,
and that students in particular are more likely to use a limited
range of media or sources, depending on the nature of the task
and immediacy considerations (Oblinger and Oblinger, 2005;
Walraven et al., 2009; List and Alexander, 2017). In our study,
the students may have tried to avoid wasting time by visiting
uninformative websites or unknown websites.

The fact that the students had a tendency to spend a large
amount of time on the websites linked in the CORA tasks also
confirms prior findings (e.g., Flanagin and Metzger, 2007; Kao
et al., 2008; Hargittai et al., 2010; Wineburg et al., 2016), where
the study participants (with the exception of professional fact
checkers) showed a tendency to focus on individual websites and
their features. This tendency may have been more pronounced
in the context of the CORA due to the time limit of 10 min.
This time limit may have also caused a tendency to neglect online
catalogs of universities and Google Scholar, as the students did
not have the time to read in-depth scientific articles. In this
respect, our study is in line with prior findings that students
also consult non-scientific sources when they need information in
regular university life (e.g., when preparing for exams) and have
more time (Maurer et al., 2020). With regard to scientific sources,
the question arises how elaborate findings can be presented in a
more comprehensible way and how it can be ensured that they
are easier to understand for a wider audience by paying more
attention to the needs of the readership.

Concerning the quality of the websites’ content, the
participants tended to rely on news based on both scientific
and non-scientific sources. This especially holds true for task
3, where the participants used a larger number of scientific
sources and wrote significantly more words than they did when
solving the other tasks. A possible explanation for this finding
might be that the topic of the task (Child development) has a
more scientific background than the other tasks, which makes
it necessary to rely on more comprehensive and more scientific
websites. This is an important finding, as sources with these
kinds of characteristics also provide a suitable basis for learning
(Dalrymple and Scheufele, 2007; Dimitrova et al., 2011). For
the other two quality dimensions, balance and facticity, we find

a more mixed picture. In general, the students tended to also
take into consideration unbalanced and opinion-based sources.
However, this depends on the specific task. In this context, it
has to be considered that some of the tasks contained links to
websites that were categorized as unbalanced and opinion-based.
Taking this into account, it can be concluded that students
appear to know how to find websites with reliable and fact-based
content, even though there is still some room for improvement.

Moreover, as assumed, we found a relationship between the
number of visited websites (as an indicator of the students’
web search behavior) and a higher CORA task performance,
with the exception being task 2, where no significant correlation
was found. This could be due to the fact that no links to
websites were included in this task. In the other four CORA
tasks that did include links to specific websites, these websites
were usually either biased or only of limited reliability. Thus,
spending a large amount of time on these websites alone may
have a significantly negative effect on the final responses of the
participants, whereas visiting other websites could cause them
to detect the bias. In task 2, however, this situation did not
apply, as no link was included in the task. Since the students
with their heuristic approach of referring to well-known (news)
sites and encyclopedias largely avoided particularly unreliable or
biased websites when working on the CORA tasks, there may
have been less of a correlation between the total number of
websites visited and the quality of the students’ task responses in
task 2. Studies from the field of political education in particular
indicate that established news sites that offer full-length articles
can have a positive effect on knowledge acquisition (Dalrymple
and Scheufele, 2007; Andersen et al., 2016).

Another finding is also indicative of a relationship between the
task definition, search behavior, and score: Students who visited
additional websites on average achieved a significantly higher
COR score than those who only looked at the websites (and
webpages) mentioned in the tasks. In addition, with regard to the
quality dimension of facticity, the amount of “purely opinion-
based argumentation” expressed in task 2 was particularly
low and the amount of “purely facts-based argumentation”
particularly high (see Table 6), while the average test score was
significantly higher in task 2 than in the other tasks. These
findings are consistent with prior research (e.g., Anmarkrud et al.,
2014; Wineburg et al., 2016; List and Alexander, 2017), indicating
that it is of great importance to at least check the reliability of a
website and its contents and to cross-check the information stated
on a website with that stated on other websites.

Contrary to our second hypothesis (H2), however, we hardly
found any correlations between other website characteristics
such as facticity or scientific/non-scientific sources and the
students’ test score. One reason for this finding could be that
the participants used only a limited variety of different websites
and had only a limited amount of time to perform their online
searches, so that certain website characteristics such as the
extent of task-related content included therein were not fully
considered. In addition, it is not clearly evident from the log data
how much time the participants spent on the individual webpages
and which sections of these webpages they actually read, whereas
the ratings based on the coding manual always refer to entire
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webpages. Thus, higher correlations may have been determined
for certain characteristics if only the sections of the webpages that
the students actually read had been taken into account. The aspect
of “number of scientific/non-scientific sources,” however, may be
of limited use as a quality feature of a website, as biased websites
can also use external sources to convey the impression that they
are credible sources of information.

In conclusion, the students showed a great heterogeneity both
in terms of their Internet use and their performance on the
CORA tasks. Taking into account task-specific characteristics (in
particular the wording of the task), the most frequently used
websites were the ones that had already been included in the
tasks as well as news sites, social media sites, and scientific
websites. In particular, preferences for established news sites,
websites of scientific journals, and Wikipedia were found. The
quality of the visited websites also varied and depended on
the task that the test-takers were working on. On average,
the websites provided a large amount of relevant information
and used both scientific and non-scientific sources. However,
only a rather small number of websites critically reflected on
their sources, and the participants showed a preference for
websites that were based on opinions. When it comes to the
relationship between these content features and the scoring, we
found a positive relationship between the score and the number
of visited websites, and the use of additional websites beyond
the ones already included in the tasks. Although no significant
correlation between the type of website used and the students’
CORA test performance could be determined, using websites
that critically reflect on their sources also increased the students’
test performance.

Limitations
There are also some limitations to our study that should be
taken into account when interpreting the results. For instance,
this paper used a subsample of the CORA study consisting only
of students in the first phase of their economics studies at one
German university. As Maurer et al. (2020) indicate, students’
web search behavior may differ between different study domains
and universities or change over the course of study. For example,
Breakstone et al. (2019) found that students with more advanced
education performed better on tasks on civic online reasoning.
Therefore, both search behavior and CORA performance will
be analyzed in a larger and more heterogeneous sample in
follow-up studies to confirm the representativeness of the results
found in this study.

The possible influences of personal characteristics on students’
Internet search behavior and CORA performance were not
considered in this paper. Previous studies found correlations
between, for example, the influence of ethnicity and socio-
economic background on civic online reasoning (Breakstone
et al., 2019). The extent to which these correlations between
the participants’ personal characteristics and their CORA
performance can be replicated and whether they also have an
effect on search behavior is being clarified in further studies. With
regard to the implications for university teaching, for example,
it would be useful to learn more about the students’ prior
knowledge of strategies for searching information on the Internet

(acquired through, e.g., previously attended research courses at
the university) and how they deal with misinformation.

To better understand the correlation between website
characteristics and the students’ performance on CORA tasks,
their search processes should be analyzed in more detail, for
instance, based on data from an eye-tracking study. In particular,
the duration and frequency of the individual webpage visits
should be included in further analyses and it should be examined
in more detail which sections of the visited webpages the students
focused on and what exactly they did there (e.g., reading certain
sections). A useful empirical extension of our study might be to
include a more qualitative approach to investigate the students’
web search behavior. For example, using the think-aloud method
(Leighton, 2017) would reveal in more detail which strategies
the students apply when searching for information online, how
they choose their sources, and how they judge the content of
websites. For this purpose, it would be helpful to use experimental
study designs that focus on examining specific aspects of the web
search, for example, how trainings focused on using different web
browsers und different search interfaces affect the search process.
This might be considered in future research designs.

Implications
In addition to the implications for future studies resulting
from the limitations described above, further implications can
be derived from the findings of this study, especially for
(university) teaching. In particular, the overall rather poor CORA
performance of the students confirms that there is a clear need
for support when it comes to dealing with online information
in an appropriate way (e.g., Allen, 2008). This is of particular
importance, as the Internet is the main source of information
for students enrolled in higher education (Maurer et al., 2020).
Thus, COR should be promoted, for example, by offering
courses on web search strategies at the university library and
by fostering COR skills in lectures or seminars in a targeted
manner. Students should not only be taught suitable strategies
for searching the Internet but also criteria and techniques for
judging the credibility of (online) sources and information (e.g.,
Konieczny, 2014).

Seeing as web searches are firmly ingrained in teaching
and task requirements in the university context nowadays,
it is important to consider the influence the prompt of a
task can have on students’ search behavior and their COR.
The identified effects of whether or not a link to a specific
website was included in the task prompt on the students’
search behavior should also be taken into account, both in
future studies and with regard to designing new exercises
in teaching. Although first efforts and successes have been
reported when it comes to promoting these skills through
targeted intervention measures aimed at students (McGrew
et al., 2019), COR is still not an integral part of teaching
at many universities (Persike and Friedrich, 2016). There is,
therefore, an urgent need for instructional action in this context,
especially as studies indicate that the specific teaching methods
of individual universities have an influence on the students’
use of online media and on which sources they tend to use
(Persike and Friedrich, 2016).
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CONCLUSION

This study provides an insight into the so far under researched
relationship between students’ web search behavior when
evaluating online sources, the characteristics of the visited
websites, and the information the students used. Our findings
provide insights not only into students’ preferences for certain
types of websites in online searches and their quality, but also
into the relationship between the characteristics of these websites
and students’ performance in the CORA tasks. In this respect,
this study contributes to previous research, which had been
mainly focused on students’ website preferences for learning
or for private purposes and, moreover, often collected this
data through self-reports or in a simulated test environment.
In particular, while previous studies on students’ abilities and
skills related to COR (e.g., searching and evaluation strategies)
had been primarily focused on the test results (i.e., the score)
and to what extent it is influenced by personal characteristics,
this contribution analyzes the connection between students’
search behavior during task processing and characteristics of the
particular website they used in more detail.

Based on the unique analyses and results, this study highlights
that there is a clear need for students to receive targeted support
in higher education, which should be urgently addressed by
implementing appropriate measures, as the ability to use online
resources and critical online reasoning in a competent manner
constitute not only an important basis for academic success but
also for lifelong learning and for participation in society as an
informed citizen.
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