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Abstract
In everyday life, people seek, evaluate, and use online sources to underpin opinions and
make decisions. While education must promote the skills people need to critically
question the sourcing of online information, it is important, more generally, to understand
how to successfully promote the acquisition of any skills related to seeking online
information. This review outlines technologies that aim to support users when they
collaboratively seek online information. Upon integrating psychological–pedagogical
approaches on trust in and the sourcing of online information, argumentation, and
computer-supported collaborative learning, we reviewed the literature (N = 95 journal
articles) on technologies for collaborative online information seeking. The technologies
we identified either addressed collaborative online information seeking as an exclusive
process for searching for online information or, alternatively, addressed online informa-
tion seeking within the context of a more complex learning process. Our review was
driven by three main research questions: We aimed to understand whether and how the
studies considered 1) the role of trust and critical questioning in the sourcing of online
information, 2) the learning processes at play when information seekers engage in
collaborative argumentation, and 3) what affordances are offered by technologies that
support users’ collaborative seeking of online information. The reviewed articles that
focused exclusively on technologies for seeking online information primarily addressed
aspects of cooperation (e.g., task management), whereas articles that focused on technol-
ogies for integrating the processes of information seeking into the entire learning process-
es instead highlighted aspects of collaborative argumentation (e.g., exchange of multiple
perspectives and critical questioning in argumentation). Seven of the articles referred to
trust as an aspect of seekers’ sourcing strategies. We emphasize how researchers’, users’,
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and technology developers’ consideration of collaborative argumentation could expand
the benefits of technological support for seeking online information.

Keywords Collaborative information seeking technologies . Computer-supported
collaborative learning and argumentation . Critical thinking . Sourcing of online
information

1 Introduction

Seeking information on the Web is a prevalent and preferred way to obtain information
and acquire knowledge about any issue related to one’s personal or professional life
(e.g., Cash et al. 2014; Purdyet et al. 2015). However, people can only seek online
information effectively and derive justified decisions based to their own knowledge
boundaries and skills related to finding, evaluating, and using information of good
quality (i.e., complete, accurate, and appropriate information) (Bromme and Goldman
2014). Being able to deal competently with information online becomes important, for
example, as people seek social and scientific information on the COVID-19 pandemic.

Yet, because information seekers generally have difficulty seeking online informa-
tion effectively (e.g., Chen et al. 2019; Iding et al. 2008; Metzger and Flanagin 2013;
Nygren and Guath 2019; Rieh et al. 2012; Tsai et al. 2012), education systems have
been tasked with promoting students’ skills and competencies in this area. As students
should be taught to be more competent with and within an evolving digitalization of
information societies (e.g., Caena and Redecker 2019; Ferrari 2013), many researchers
have been trying to understand what skills this may entail and how these skills can be
promoted, such as through information literacy, science education, or computer-
supported collaborative learning (CSCL) (e.g., Forte 2015; Solli et al. 2018; Tabak
2015). The COVID-19 pandemic, as a social event, is not only requiring us to be able
to competently search for online information, but it is also forcing us to have almost
every social interaction virtually, to minimize contagion. Over the last few years, the
ability for users to collaboratively seek online information has been supported with the
emergence of several new technologies (e.g., Hertzum and Hansen 2019).

This review aims to identify the educational potential of technologies that support
collaborative online information seeking by focusing on the role of collaborative
argumentation within the process of sourcing online information. In this sense, to
outline the importance of distinct argumentative behavior such as critical questioning
for the sourcing of information, we introduce psychological–pedagogical approaches
on sourcing online information and computer-supported collaborative learning.
Further, to investigate how and to what extent collaborative argumentation is addressed
in the literature, we review articles on technologies that support the collaborative
seeking of online information.

2 Seeking online information

When seeking online information collaboratively, how might theoretical approaches
and concepts help us? First, since many concepts related to the phenomenon of seeking
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online information (either individually or collaboratively) are accompanied by diverse
terms (e.g., (collective) information retrieval, (collaborative) information search,
(collective) information retrieval, (collaborative) information behavior, or
(collaborative) knowledge building) (see also Gonzalez-Teruel et al. 2015; Shah
2014; Shah et al. 2017), the specific meaning of seeking information might encompass
an individual browsing the Web for health information (Pian et al. 2016), another
individual finding, evaluating, and using science-related online information (Bromme
and Goldman 2014), multiple researchers working together collaboratively in academic
research (Farooq et al. 2009), as well as an individual consulting Wikipedia, which
represents the collaborative outcome of learning processes (e.g., Alterman and Harsch
2017). In this sense, psychological–pedagogical research often refers to seeking online
information as any seeking that is accompanied by active and passive acts of searching,
finding, selecting, evaluating, and synthesizing (or using) information; it includes any
attempt a seeker makes to acquire knowledge about a topic of interest (e.g., Bromme
and Goldman 2014; Nauroth et al. 2015; Reddy et al. 2018; Wilson 2000).

These actions that information seekers perform are more broadly referred to as online
information behavior, and they arise due to the interplay of the information seeker’s
psychological features, the content, and the media; together, these components (e.g.,
one’s searching skills, one’s motivation, the comprehensibility of information, and the
media’s ease of use) arouse information seekers’ to action toward a desired goal (e.g.,
Bromme and Goldman 2014; Nauroth et al. 2015; Reddy et al. 2018; Wilson 2000).

While some theories on online information sourcing exclusively focus on the
processes of searching for online information (e.g., Kuhlthau’s Information Search
Process (ISP) model: Kuhlthau 1993), other theories consider the processes of
searching for online information as a part of a broader learning process that involves
searching, evaluating, and using online information (e.g., Risk Information Search and
Processing Model (RISP): Griffin et al. 1999; Multiple Document Trace Model: e.g.,
Rouet and Britt 2011; Cognitive Affective Engagement Model (CAEM): e.g., List and
Alexander 2017). Similarly, technologies may focus on how to support just the
searching for information (e.g., with functions that allow users to share search results)
or on how to support users with the learning that occurs during the searching (e.g., with
functions that allow users to discuss their search results).

3 The role of trust when sourcing online information

Trust plays a crucial role in psychological–pedagogical research on sourcing online
information (e.g., Aljazzaf et al. 2010; Bromme and Goldman 2014; Jones and Moncur
2018; Sillence et al. 2006), in which the focus is often on information seekers’
perception of and strategies for evaluating whether they can rely on the online informa-
tion (e.g., Bromme and Goldman 2014; Hargittai et al. 2010; Wathen and Burkell 2002;
Zimmermann and Jucks 2018a). In this sense, research has identified certain criteria that
seem to impact information seekers when evaluating the trustworthiness of information,
providers of information, and media; these criteria are the scientific nature of the
information, the information providers’ expertise, and the navigability of media (e.g.,
Choi and Stvilia 2015; Hilligos and Rieh, 2008; Metzger and Flanagin, 2013; Sundar
2008; Thomm and Bromme 2016; Zimmermann and Jucks 2018a, b).
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Building upon approaches on systematic and heuristic information processing
(Chaiken 1980; Cacioppo et al. 1986), we assume that, depending on an information
seeker’s capacity, motivation, and relevance, their evaluation of online information takes
place rather systematically or heuristically. With respect to the effort it takes to evaluate
online information systematically, seekers seem to know that they tend to use both
relevant criteria (e.g., whether content entails plausible arguments and references) and
irrelevant criteria (e.g., layout of website, rank of search engine for evaluating online
information) (Eysenbach and Köhler 2002; Metzger et al. 2010). However, it is challeng-
ing for information seekers to come up with better strategies for evaluating the quality of
online information, as even highly knowledgeable and motivated information seekers
who aim to systematically evaluate the correctness, completeness, and appropriateness of
information eventually reach the limits of their own knowledge and capacity (e.g., it is
likely that a highly knowledgeable engineer is incompetent in another field of expertise).

As an indirect way to determine whether online information is trustworthy, informa-
tion seekers may use hints about whether the provider of the online information seems
trustworthy (e.g., whether she uses jargon). This strategy may be effective and efficient,
but only when proper hints are used and the seeker’s information needs are satisfied in a
timely and efficient way (Bromme and Goldman 2014; Rieh et al. 2016). In this sense, a
crucial factor for seeking online information successfully is that the information seeker
needs to critically reflect on their seeking behavior and sourcing strategies (e.g., Bråten
et al. 2019; Forte 2015; Rieh et al. 2016; Pérez et al. 2018; second author and first author
submitted). While students in a training on sourcing online information did initially use
and check for information about the trustworthiness of the provider of information, they
did not critically reflect on what they found from the trustworthiness check (Brante
2019). However, in educational interventions that encouraged students to not only
identify and assess trustworthiness criteria but also critically reflect on the sourcing of
information, students more elaborately integrated information about the perceived
trustworthiness of the provider (Bråten et al. 2019; Pérez et al. 2018).

Although these trainings focused on promoting individual students’ sourcing com-
petencies, it is possible that integrating elements of collaborative argumentation during
the sourcing process might stimulate “additional” and “deeper” critical reflection as
well as more elaborated reasoning (second author and first author submitted). Building
on the potential of reasoning activities, collaborative argumentation should play a
central role within information seeking and source evaluation processes, as it may
not only facilitate more successful engagement with the information, but it may also
promote explicit and critical questioning of the sourcing of information as well as the
trustworthiness of information providers and media in online contexts (e.g., Bråten
et al. 2019; Pérez et al. 2018; second author and first author submitted). Based on these
considerations, in the following we outline approaches on computer-mediated collab-
orative learning to emphasize how collaboration from a psychological–pedagogical
perspective may contribute to seeking online information successfully.

4 Cooperation and collaboration in seeking online information

Research findings within the last decades have suggested that learning with others may
strongly benefit knowledge gains (Hattie 2009; Kyndt et al. 2013) as well as affective,
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motivational, and social variables (Springer et al. 1999). A recent meta-analysis
revealed that collaborative learning positively affects knowledge acquisition, student
perceptions, and skill development in digital learning contexts (e.g., Chen et al. 2018).
Given these findings, collaboration with others is likely to show advantages also in the
context of seeking online information.

To transfer and adjust our knowledge about the benefits of collaborative learning to
the specific field of seeking online information, we would need to take a deeper look at
the conceptualizations and mechanisms involved in collaborative learning. In this
regard, it seems promising to start with further clarification of what collaboration in
learning means in contrast to cooperation (Baker 2015; Siemon et al. 2019), terms that
are often used interchangeably but do not mean the same thing, and in the context of
seeking online information, have different educational implications. Following the
initial definition by Roschelle and Teasley (1995), collaboration always addresses
“the mutual engagement of participants in a coordinated effort to solve a problem
together” (p.70), thereby focusing on the processes of group members or learners
working together. In contrast, in cooperation, learners usually define subtasks that they
work on individually, although they might share a common focus. Based on this, Baker
(2015) provides the following definition: “Collaboration is a specific form of cooper-
ation: cooperation works on the level of tasks and actions, collaboration works on the
plane of ideas, understanding, representations (p.5)”.

Whether cooperation or collaboration is beneficial in terms of a desired outcome in
the context of seeking information should depend on the goal, which might differ
within different stages of the information seeking process (i.e., finding, evaluating, and
using online information), and might also depend on information seeking process in
general (e.g., whether the specific purpose and context of seeking information is highly
relevant or less relevant for personal decisions). Thus, in the context of seeking
information, cooperative behavior primarily refers to the management of different
subtasks (e.g., searching with different keywords or in different databases) and leads
to advantages regarding the division of labor. This form of cooperation among a group
of information seekers should produce more and potentially more varied search results
but would not necessarily promote any additional benefits beyond this.

In contrast, the benefits of collaboration in seeking information likely extend to
another level, as experts in the field of collaboration in online learning posit that, in
general, collaboration in online contexts can be considered both learning processes and
outcomes (e.g., Oeberst et al. 2016). For instance, in the context of online information
behavior, knowledge databases (such as Wikipedia) that were generated collaboratively
by communities can be used by others; to these other users, it an outcome of the
collaboration of former users. At the same time, these other users can also be a part of
the collaborative process, which might lead to evolved knowledge databases (e.g.,
Détienne et al. 2016). Thus, here the collaboration is between information seekers who
seek, evaluate, and use information collaboratively. Apparently, “collaboration is not a
mere juxtaposition or collation of individual efforts” (Baker 2015, p. 5); instead, the
processes within collaborative learning likely produce more than just the sum of each
learner’s individual efforts and gains. Hence, from an educational point of view,
collaboration as a process (and not merely cooperation) should play a pivotal role in
successfully seeking online information, particularly via key communication activities
during the phases of evaluating and using online information. In this sense,
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communication between information seekers might serve as means for seekers to more
deeply elaborate the issues of interest, critically reflect on searching strategies and the
sourcing of online information, and, finally, achieve higher quality learning outcomes.

5 Learning through collaborative argumentation

A key educational activity that promotes outcomes like critical thinking (Guiller et al.
2008), problem-solving skills (Golanics and Nussbaum 2008), and learning about a
particular topic (e.g., Andriessen 2006; Chinn and Clark 2013; Mason 2001) is
computer-mediated collaborative argumentation. In these learning environments
“learners communicate with each other via text-based […] discussion boards [and]
are supposed to engage in argumentative discourses with the goal to acquire knowl-
edge” (Weinberger and Fischer 2006, p. 71). Numerous studies confirm that dealing
with complex content in collaborative argumentation can be conducive to learning in
computer-mediated settings (Gerber et al. 2005; Muukkonen et al. 2005; Nussbaum
et al. 2008; an overview is given in a meta-analysis by Noroozi et al. 2012). This
positive effect depends on whether the experience offers certain conditions: the inte-
gration of multiple perspectives, transactivity in learners’ interaction, and the use of
high-quality argumentation.

Regarding learners’ behavior in argumentative discourse, the socio-cognitive ap-
proach (based on Piaget’s theories) proposes that such situations of socio-cognitive
conflict cause learners to solve these conflicts by engaging in reflection through
cognitive reconstruction (conceptual change; see, e.g., Limón and Mason 2002;
Sinatra and Pintrich 2003). This mechanism of deep knowledge elaboration causes
learners to notice discrepancies in information or perspectives while socially interacting
with others. This, in turn, allows learners to uncover misconceptions (Jucks and Paus
2013) and reconstruct their existing knowledge structures as well as establish new ones
(Doise and Mugny 1984; von Aufschnaiter et al. 2008).

To successfully co-construct elaborated knowledge on a topic (e.g., Chi 2009;
Teasley 1997), learners need to apply “reasoning that operates on the reasoning of
another” (transactive discourse; Berkowitz and Gibbs 1983, p. 402). In particular,
conflict-oriented consensus-building processes are described as being highly
transactive (Fischer et al. 2002). The most important feature of this type of consensus
building is that learners do not accept contributions of their partners as they are; instead,
they engage in mutual discussion. Thus, the effectiveness of argumentative exchange
critically depends on the discourse partners’ efforts to deeply elaborate on and chal-
lenge their partner’s knowledge and arguments (e.g., Kuhn and Udell 2003; in
computer-mediated settings see Jucks and Paus 2013; Paus and Jucks 2012).

Learning can be promoted through verbal activities that involve interaction and co-
construction, such as clarifying misunderstandings and or challenged by and challeng-
ing others (Asterhan and Schwarz 2007; Pena-Shaff and Nicholls 2004; Resnick et al.
2015; Paus et al. 2012). Drawing on Walton’s work (Walton 1989), argumentation
strategies can be divided in two major categories – those relating to the construction
and exposition of one’s own argument and those relating to the opponent’s position and
claims (Felton and Kuhn 2001; Kuhn and Udell 2003). In the case of such counterar-
guments, the explicit and critical questioning of arguments and their associated
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evidence can enhance critical consumption of knowledge (Millar and Osborne 1998;
Newton et al. 1999) as well as critical reflection on the quality of arguments (Watts
et al. 1997; Nussbaum and Edwards 2011). Thus, critical questioning can be considered
a strong argumentative strategy, given its capacity to address deeper grounds of
disagreement and bring to light background knowledge and background beliefs that
may otherwise escape attention.

In the context of seeking online information, the mechanisms of collaborative
argumentation between information seekers might serve two purposes: 1) fostering
information seekers’ conceptual understanding about the issue through mutual ex-
change and 2) critically questioning and discussing the sourcing of information and
trustworthiness of information providers. Thus, the process of collaborative argumen-
tation may offer many benefits for seeking online information and, thus, may help
students develop a reflective and critical stance toward it.

6 Technologies for collaborative argumentation when seeking online
information

The process of collaborative information seeking can be greatly benefited by technol-
ogy. First, tools can be deployed to support “offline” processes of information seeking
(Leeder and Shah 2016), i.e., information seekers have opportunities to seek informa-
tion within the same search task asynchronously or synchronously. In addition, to
support cooperation and collaboration (see section 3 for the distinction between
cooperation and collaboration) in seeking online information, technologies may also
allow seekers to search, evaluate, and use online information collaboratively (e.g.,
Hertzum and Hansen 2019), in particular by allowing them to communicate with other
information seekers. Communication may be supported using different kinds of tech-
nology, for instance instant messaging (e.g., Morris and Horvitz 2007), or chat systems
(e.g., Mitsui et al. 2018).

According to Shah (2010), the notion of collaboration related to the specific area of
seeking information consists of five components: communication, contribution, coor-
dination, cooperation, and collaboration that can be supported by technology and may
manifest in automatic components of the technology. While technologies for collabo-
rative information seeking have not yet been systematically exploited, Jeong and
Hmelo-Silver (2016) identified seven facets of computer-supported collaborative learn-
ing (CSCL) that can be supported by technology and that can expand the technological
affordances described by Shah (2010) by addressing the general success of learning
processes; these facets are (1) engagement of learners in a joint task, (2) communica-
tion, (3) resources contribution, (4) engagement of learners in productive collaborative
learning processes, (5) engagement of learners in co-construction, (6) monitoring and
regulation support for collaborative learning, and (7) group building.

Accordingly, the technology-enhanced support for CSCL and collaborative infor-
mation seeking overlap (e.g., communication). As described above, communicative,
contributive, coordinative, and cooperative processes are essential parts of collaborative
processes, but each process per se does not necessarily involve or lead collaborative
processes. Moreover, technological affordances, although they may allow users to
perform certain learning processes more cooperatively (e.g., Le and Huse 2016) or
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even collaboratively, also do not necessarily lead users to do so (e.g., Jeong and Hmelo-
Silver 2016). Thus, just because an automatic cooperation feature is integrated into a
system does not mean that learners will necessarily learn cooperatively; it only means
that the system allows for this to happen.

7 Review of technologies for collaborative seeking online information

In order to make evidence-based and reasonable decisions, information seekers need to
be supported in finding, selecting, and using online information (e.g., Ferrari 2013;
Tabak 2015). Research on computer-supported collaborative learning emphasizes the
potential of collaborative argumentation among learners (i.e., critical thinking/
questioning, transactive dialogue, argumentation, integration of multiple perspectives)
to help promote the successful seeking of online information as part of a learning
process. As several technologies have emerged that aim to support the seeking of online
information by allowing users to seek information collaboratively, the aim of this study
is to review published articles about the use of these technologies in educational
settings and to collate the above-described thoughts with how the articles considered
(1) information seekers’ critical questioning of sourcing strategies when seeking online
information, (2) their collaborative argumentation, and (3) the technological
affordances available for seeking online information collaboratively. In this sense, we
investigated research that focuses exclusively on processes of searching for online
information as well research that focuses on the processes involved in seeking online
information in the context of a broader learning process (where information seekers not
only search for information but also find, evaluate, and use the information to learn).

RQ1 How do articles consider information seekers’ sourcing strategies when
seeking online information?
RQ2 How do articles consider collaborative argumentation among information
seekers?
RQ3 Which technological affordances are implemented to support seeking online
information collaboratively?

8 Methods

8.1 Sample

Our search was conducted in representative academic literature databases for psychol-
ogy and pedagogy (e.g., Educational Resources Information Center 2004) in
March 2019. We used EBSCOhost as provider for the research databases
PsychARTICLES, Psychology and Behavioral Sciences Collection, PSYNDEX,
PsychINFO, and Library Information Science and Technology Abstracts. Thus, by
including research that was published in contexts of Library and Information Science,
we extended our search, as we assumed research on seeking information collabora-
tively through technologies to be relevant in these fields, irrespective of any educational
focus. To further detect research in educational contexts, we used ERIC, a predominant
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database on pedagogical research (Educational Resources Information Center 2004). In
EBSCOhost, the option “publication types” was set to “Journals” and “Academic
Journals” so that only peer-reviewed journal articles were included into our search.
Similarly, we only searched for “Journal Articles” in ERIC.

The search keywords for all databases were: collaborat* information system AND
collect* information search* OR collect* information seek* OR collect* information
retriev* OR collect* information behavior OR collect* knowledge building OR
collaborat* information search*OR collaborat* information seek* OR collaborat*
information retriev* OR collaborat* information behavior OR collaborat*
knowledge building. In EBSCOHOST, we added for ‘AND ‘Computer’ for
collaborat* knowledge building’ to preliminarily filter articles without technol-
ogies. Similarly, in ERIC, we added the restriction AND ‘Computer’ for
collaborat* information seek*, collaborat* information retriev*, collaborat*
knowledge building to preliminarily filter articles without technologies. The
reason for this additional restriction was that for these search terms, articles
emerged that often use the term “system” as a sociological concept (e.g., to
describe the classroom as a system).

In sum, our search according to these search terms resulted in 306 articles without
duplicates. The initial search results for EBSCOhost included 218 articles, with most
exact duplicates being removed from the results by EBSCOhost automatically and 4
exact duplicates being removed manually. From ERIC we obtained 88 articles, of
which 52 were duplicated in ERIC and the EBSCOhost search. A first screening of
these articles – including the article abstracts and the entire content of the articles –
resulted in a limited sample of 102 articles. For this first screening, we used the
following inclusion criteria: (1) The article describes the development or design of a
technology being used for scientific purposes; (2) the article evaluated the technology
scientifically; (3) the article made available all information about the deployed tech-
nology; (4) the technology was used exclusively to collaboratively solve information
tasks or the technology was used to collaboratively solve information tasks as part of a
complex learning task.

The 102 articles resulting from the first screening underwent a second screening,
based again on their entire content. To the previous four criteria, we added the
following criterium: The article’s main focus had to be on “collaboration as a process”
rather than on “collaboration as an outcome”. The articles focusing on “collaboration as
an outcome” (n = 7) investigated the use and development of knowledge bases that
emerged through communities and, hence, were generated collaboratively (seekers use
an outcome of collaboration), but in this review we focus on “collaboration as a
process” (n = 87) and, therefore, on the processes between individuals that seek,
evaluate, and use information collaboratively. Additionally, we included articles (n =
8) that focused on collaboration as both an outcome and a process. Thus, we reviewed
N = 95 articles in terms of the research questions.

8.2 Coding scheme

To investigate the research questions, we developed a coding scheme in line with the
above-described approaches from pedagogical and psychological fields. The scheme
included the category “study demographics” and further main categories of
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“collaboration”, “communication” and “technology” as well as “trust” to exploratorily
investigate aspects specific to online information behavior.

8.2.1 Study demographics

The following categories were included under the dimension “study demographics”
and were used to describe: (1) the study design of the article, meaning whether the
design of the study was (quasi)experimental, descriptive, or naturalistic; (2) search
topic, meaning what the field of the topic was, such as generic, academic research,
socio-scientific issue, chemistry, or biology; (3) the number of participants if applica-
ble, meaning how many participants worked together on the information task in the
study; and (4) the educational context, meaning primary, middle, and secondary school,
higher education, informal settings such as searches for personal information needs, or
professional contexts such as medical professionals and teachers as educational
professionals.

8.2.2 Consideration of information seekers’ sourcing strategies when seeking online
information

The following categories were included under the dimension “trust” and were used to
describe the articles’ consideration of users’ sourcing strategies in online information
and the provider of online information, meaning whether the authors of an article or the
participants referred to any strategies of sourcing online information and providers (e.g.,
assessment of credibility of information, or critical questioning of users’ use of infor-
mation about the expertise of the source, the usability of media, or the ease by which the
information could be understood (i.e., source information about the information).

8.2.3 Consideration of collaborative argumentation

The following categories were included under the dimension “collaboration” and were
used to describe whether the processes undertaken by information seekers (users or
students, etc.) in each study were theoretically or methodologically considered coop-
eration (e.g., a division of labor), collaboration (e.g., co-constructive process among
learners to gain knowledge), or a combination of both. In this context, an article was
coded as focusing on collaboration if it referred to aspects of collaborative argumen-
tation such as exchange of multiple perspectives, argumentation, transactive dialogue,
or (conflict-oriented) consensus building in knowledge processes, or critical thinking/
questioning.

The following categories were included under the dimension “communication” and
were used to describe (1) the study’s consideration of communication theoretically or
methodologically or as function in the technology, meaning whether the study did or
did not consider communication between users and (2) whether the study considered
the contribution of communication as a tool (e.g., tools to communicate are required to
be integrated in the technologies) or as critical for investigating online information
behavior processes (e.g., authors analyzed aspects of communication in order to
investigate processes between information seekers). In this context, we further detected
whether the article analyzed rather superficial aspects of communication (such as length
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of forum posts, or time spent on communication) or the content of communication by
content analysis (such as how students answered their peers’ questions or whether
critical questions were used more often after specific statements). See also Table 1 for
explanations and examples of the categories.

8.2.4 Technologies

The following categories were included under the dimension “technologies” and were
used to describe the specificity of the technologies, meaning whether a technology was
used exclusively for collaborative information seeking (e.g., Coagmento) or whether a
technology was used in the process of learning, of which collaborative information
seeking was a part (e.g., chats, wikis, forums, blogs), or whether a technology was used
for a complex learning task that integrated processes of collaborative online information
behavior (e.g., KnowledgeForum). By only focusing on technologies that were specific
for collaboratively seeking online information, we included the following categories under
the dimension technology affordances for collaboration in seeking online information:
communication, contribution, coordination, cooperation, and collaboration (Shah 2009).
Accordingly, the features of technologies were described regarding whether they allowed
users to communicate, contribute, coordinate, cooperate, or collaborate.

8.3 Analysis

Of the 95 articles, a second rater rated 24 articles (i.e., 25%) in terms of the main
categories consideration of information seekers’ sourcing strategies (trust), collabora-
tion, and communication in order to determine the objectivity in the coding of articles
(Campbell et al. 2013). The inter-rater reliability among both raters’ ratings ranges from
Cohen’s kappa k = .859 to 1.00.

9 Results

9.1 Study demographics

In sum, 95 articles were analyzed, with (N = 70) articles retrieved on EBSCOhost. The
publication dates of articles range from 1989 to 2019, where 51.6% of articles were
published from 2013 on. While 53.7% of the articles (N = 51) followed a
(quasi)experimental study design, a further 38.9% (N = 37) rather descriptively inves-
tigated the technologies without any manipulation, and a further 7.4% (N = 7) observed
data in naturalistic settings. Moreover, 56.9% of the articles (N = 54) referred to the
investigated “search topic” as generic, including three articles that investigated informal
search tasks (such as everyday searches for travel information); conversely, 29.5% of
the articles (N = 28) had “search topics” that related to academic research or education.
In 7.4% of articles (N = 7), specific science topics such as chemistry were investigated,
and 6.3% (N = 6) investigated more than one topic.

The numbers of participants investigated in the articles range from N = 0 to N = 1370
participants (M = 108.47; SD = 217.22), with 12 articles in which we were not able to
identify the number of participants (e.g., because posts in online discussion boards were
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investigated). Lastly, 53.7% of the articles (N = 51) were conducted in higher education
contexts, 16.9% were conducted in school settings (primary: N = 3; secondary: N = 7;
and middle school: N = 6), 11.6% (N = 11) were conducted in professional contexts,
and 11.6% (N = 11) were conducted in informal settings (4 articles not determinable).

9.2 Descriptive results of the main categories

With respect how the articles considered seekers’ sourcing strategies for seeking online
information, 92.6% of the articles (N = 88) did not mention seekers’ critical reflection
about the trustworthiness of information, of the information provider, or related
concepts (such as credibility and reliability). A mere N = 7 articles (7.4%) did mention
these concepts, but only in the theory or discussion sections. Furthermore, none of the
articles differentiated the stages of online information behavior and, thus, did not
explicitly declare whether they were referring to the entire process of online informa-
tion behavior or a specific part, such as searching, seeking, selecting, evaluating,
integrating, or using the information.

With respect whether the articles considered collaborative argumentation, 21.1% of
the articles (N = 88) focused only on aspects of cooperation, while a further 63.2% (N =
60) mainly focused on aspects of collaborative argumentation; 5.3% (N = 6) focused on
aspects of both cooperation and collaboration (10 articles were undeterminable). In
terms of communication, 16.8% of the articles (N = 16) did not consider communication
at all, whereas 81.1% (N = 79) considered aspects of communication at least in theory,
by analysis of communicative aspects, or as a function in the technology. Out of these 79
articles, 42.2% (N = 40) considered communication rather as a tool, as communication
was only mentioned as a function in the technology, while 35.8% also analyzed aspects
of communication to investigate how information seekers tended to communicate
(analysis of superficial aspects: N = 25; content analysis: N = 9) (another 4 articles
(4.2%) considered communication implicitly, but there was no communication function
in the technology). In this sense, only 9 articles investigated aspects of collaborative
argumentation within processes related to searching for information by analyzing the
content of information seekers’ communication.

In terms of the specificity of the technologies, 34.7% of the articles (in sum N = 33;
Coagmento: N = 11; others: 22) focused on systems that exclusively aim to support
collaborative online information seeking, while 65.3% (in sum N = 62;
KnowledgeForum: N = 15; others: 47) focused on a technology for a complex learning
task that integrates the process of collaborative online information seeking. Out of all
articles, 13.8% (N = 14) investigated a technological tool used in the process of collabo-
rative information seeking (e.g., chats, wikis, forums, blogs).

9.3 Relative frequencies and interdependence of the main categories

To investigate in more detail how specific aspects of collaborative argumentation,
communication, and the technologies were considered in the articles, we investigated
the articles’ focus on these items (collaborative argumentation, communication, and
specificity of technologies) in terms of relative frequencies and interdependences.

A chi-square test was used to compare articles’ consideration of collaboration and
specificity of technologies. No cell frequency was below 5. The minimum expected count
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was 6.25. Results show a significant difference in frequencies between articles’ consid-
eration of collaboration and specificity of technologies, χ3(1) = 29.50, p < .001,φ < .607.
While 51 out of the 55 articles that focused on systems that support general learning and
integrate aspects of online information seeking also focused on aspects of collaborative
argumentation, only 9 out of 25 articles that focused on systems that exclusively aim to
support online information seeking focused on collaborative argumentation.

A second chi-square test was used to compare articles’ consideration of communi-
cation and specificity of technologies. One cell frequency was below 5. The minimum
expected count was 3.13. Results show a significant difference in frequencies between
articles’ consideration of communication and specificity of technologies, χ2(1) = 4.40,
p = .036, φ < .234. While 51 out of the 55 articles focusing on technologies for a
complex learning task that integrates the process of collaborative online information
seeking considered communication among seekers either in theory, by analysis, or as
function of the system, only 19 out of the 25 articles focusing on technologies that
exclusively aim to support online information seeking considered any communication
among the information seekers.

9.4 Affordances of technologies that support collaborative seeking online
information

Out of the reviewed technologies, eight single systemswere identified to demonstrate tasks
for collaborative seeking information (see Table 2), where “Y” indicates that a feature is
supported by the technology, and the text in the brackets illustrates how affordances of
technologies support a specific feature. Regarding communication, most technologies
support communicative features by integrating a chat window (i.e., instant message
function) or displaying comments by individual users in a window (e.g., AntWorld,
SearchTogether). Two systems, PERCIRS and ARIADNE, do not support any commu-
nication feature.With respect to contribution, all technologies support users in sharing their
search results (e.g., sharing URL, brief annotations). As to the coordination of collabora-
tive information seeking technologies, we found that coordinative features are supported
ranging from “loose” coordination mechanisms (e.g., using chat or instant message
windows in the case of Searchbots, SearchTogether, and Coagmento, which simply permit
users to coordinate search tasks) to more structured coordination mechanisms (i.e., coor-
dination suggested by the technology in COLTIS and PERCIRS, which encourages users
to coordinate search tasks). One of the advanced coordination approaches, exploited by the
technology PERCIRS, calculated the similarity between user profiles.

Collaboration is an important feature of a collaborative information seeking tech-
nologies, but not all technologies explicitly foster collaborative features (i.e.,
ARIADNE, AntWorld, and PERCIRS). ARIADNE and AntWorld were first devel-
oped for individual information seeking tasks and were then deployed in a collaborative
setting. Thus, they do not support any collaborative features. PERCIRS does not
support any collaborative features since it only has an automatic coordination compo-
nent, and no communication between users is supported. Thus, a collaborative learning
process among users (e.g., exchange of multiple perspectives) cannot take place and is
rather coordinated superficially by the system. In contrast, the collaborative features of
ColTIS, SearchX, and SearchTogether, for instance, allow users to edit common travel
plans or create a shared artifact that summarizes the search findings – additionally, they
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allow users to communicate about the search results. In addition to investigating the
five components of the collaborative information seeking process, we also investigated
whether those technologies demonstrated educational impact. We found
SearchTogether to be the only technology for collaborative information seeking that
explicitly supports educational purposes; the aim of the system is that users can learn by
performing collaborative information seeking tasks.

10 Discussion

10.1 Main findings

RQ1 How do articles consider information seekers’ sourcing strategies when
seeking online information?
RQ2 How do articles consider collaborative argumentation among information
seekers?
RQ3 Which technological affordances are implemented to support seeking online
information collaboratively?

Regarding RQ3, namely the specific technological affordances can support collaboration
when seeking information, it seems that the feature of contribution (i.e., functions that
allow users to share content) is obligatory for technologies that support collaborative
information seeking, as all investigated technologies seem allow, for instance, the sharing
of results. Looking at the features cooperation and collaboration, we found that only
some technologies support both aspects (e.g., the task can be divided and negotiated
between users). Likewise, and addressing RQ2, articles focusing on technologies that
exclusively aim to support collaborative information seeking (i.e., not embedded in an
entire learning process), considered fewer aspects of collaborative argumentation and
fewer patterns of communication compared to articles focusing on technologies that
considered information seeking as a part of a learning process. However, research on
collaborative argumentation indicates that collaboration and cooperation models must be
integrated into technologies that support collaborative information seeking, in the same
way that these models are often considered in technologies that foster deeper learning and
skill development (e.g., Loll and Pinkwart 2013).

Communicative behavior between learners, in itself, is not conducive to learning
(Felton et al. 2015), but it becomes conducive to learning when it fulfils specific
conditions, such as elaboration of the issue in question through collaborative argumenta-
tion. Accordingly, communication features for collaborative argumentation in information
seeking need instructional and didactic support functions to motivate and promote
learning (Mayweg-Paus et al. 2016; Thiebach et al. 2016; Vogel et al. 2017). This
indicates that existing technologies aimed at supporting collaborative information seeking
need to be researched and potentially extended with regard to their educational purposes.

In this sense, focusing particularly on the communication among seekers likely has the
potential to promote successful seeking of online information, as fostering collaborative
argumentation among learners (i.e., critical questioning, argumentation, integration of
multiple perspectives, and transactive dialog) may not only help learners in searching for
adequate information in order to learn but also in their learning about how to search

2068 Education and Information Technologies (2021) 26:2053–2089



Ta
bl
e
2

A
ff
or
da
nc
es

of
te
ch
no
lo
gi
es

fo
r
se
ek
in
g
on
lin

e
in
fo
rm

at
io
n
co
lla
bo
ra
tiv

el
y

Sy
st
em

C
om

m
un
ic
at
io
n

C
on
tr
ib
ut
io
n

C
oo
rd
in
at
io
n

C
oo
pe
ra
tio

n
C
ol
la
bo
ra
tio

n

A
R
IA

D
N
E

(T
w
id
al
e
et
al
.,
19
97
)

–
Y

(a
se
ri
es

of
co
m
m
an
d-
ou
tp
ut

pa
ir
s)

–
–

–

A
nt
W
or
ld

(S
un

&
K
an
to
r,
20
06
)

Y
(a

re
le
va
nc
e

ju
dg
m
en
t)

Y
(U

R
L
s
of

us
ef
ul

W
eb

pa
ge
s
an
d
br
ie
f
an
no
ta
tio
ns
)

–
–

–

C
ol
T
IS

(M
oh
am

m
ad

A
ri
f
&

D
u,

20
18
)

Y
(c
ha
t)

Y
(q
ue
ry

sh
ar
in
g,

in
fo
rm

at
io
n
sh
ar
in
g)

Y
(d
iv
is
io
n
of

se
ar
ch

ta
sk
)

Y
(c
oo
pe
ra
tiv
e
se
ar
ch
)

Y
(t
ra
ve
l
pl
an

ed
iti
ng
)

C
oa
gm

en
to

(M
its
ui

et
al
.2

01
8)

Y
(g
ro
up

ch
at
)

Y
(s
ea
rc
h
re
su
lts
)

Y
(c
ha
t)

–
–

PE
R
C
IR
S

(N
ad
er
i
&

R
um

pl
er
,2

01
0)

–
Y

(r
el
ev
an
t
do
cu
m
en
ts
)

Y
(a
ut
om

at
ic
co
or
di
na
tio
n

by
ca
lc
ul
at
in
g
th
e
si
m
ila
ri
ty

be
tw
ee
n
us
er

pr
of
ile
s)

–
–

Se
ar
ch
X

(P
ut
ra

et
al
.,
20
18
)

Y
(c
ha
t)

Y
(a
w
ar
en
es
s
co
m
po
ne
nt
s:

bo
ok
m
ar
k
sh
ar
in
g,

pa
ge

ra
tin

g,
an
no
ta
tio

n)

Y
(d
iv
is
io
n
of

la
bo
r)

–
Y

(a
w
ar
en
es
s
&

kn
ow

le
dg
e

sh
ar
in
g
co
m
po
ne
nt
s)

Se
ar
ch
bo
ts

(A
vu
la
et
al
.,
20
18
)

Y
(c
ha
t)

Y
(c
ha
t)

Y
(c
ha
t)

Y
(g
iv
e
re
qu
ir
ed

in
fo
rm

at
io
n
to

th
e

ch
at
bo
t)

–

S
ea
rc
hT

og
et
he
r

(M
or
ri
s
an
d
H
or
vi
tz
20
07
)

Y
(r
at
in
gs

an
d/
or

co
m
m
en
ts

w
ith

a
w
eb
pa
ge
,

in
st
an
t
m
es
sa
gi
ng
)

Y
(a
w
ar
en
es
s
co
m
po
ne
nt
s:

pe
r-
us
er

qu
er
y
hi
st
or
ie
s,

pa
ge
-s
pe
ci
fi
c
m
et
ad
at
a)

Y
(I
ns
ta
nt

m
es
sa
gi
ng
,

re
co
m
m
en
da
tio

n
qu
eu
e)

Y
(P
lit

se
ar
ch
,

m
ul
ti-
en
gi
ne

se
ar
ch
)

Y
(p
er
si
st
en
ce
,c
re
at
in
g
a

sh
ar
ed

ar
tif
ac
t
th
at

su
m
m
ar
iz
es

th
e
fi
nd
in
gs

of
a
co
lla
bo
ra
tiv
e
se
ar
ch
)

Y
=
co
m
po
ne
nt
(s
)
en
ta
ile
d
in

te
ch
no
lo
gi
es

Education and Information Technologies (2021) 26:2053–2089 2069



adequately (e.g., with critical questioning one’s own sourcing strategies) (Rieh et al.
2016). For example, the more an information seeker understands the background of a
topic, the better she might be able to search appropriately and to critically reflect on the
sourcing of the information. Conversely, the more competent she is at reflecting on the
sourcing of information, the deeper she should be able to elaborate the evidence of
information. In this context, and related to RQ1, seekers’ reflection of sourcing strategies
(i.e., trusting) seems to be underrepresented in the reviewed articles (Appendix Table 3).

10.2 Limitations

The body of reviewed articles was limited to those found on pedagogical and educational
databases, as we were particularly interested in technologies for collaborative information
seeking that were investigated in educational settings. In this context, these investigations
of single technologies might not cover information seekers’ actual use of technologies, as
they often use a variety of tools, ranging from e-mail to video conferencing, to support
their collaboration during information-seeking activities (e.g., Spence et al. 2005). For the
investigation of these technologies’ affordances as related to collaborative information
seeking, we classified technological components that support users’ communication,
contribution, coordination, cooperation, or collaboration. By focusing on the technolog-
ical components, we were not able to describe the way users use these affordances. For
instance, the communication between users that use a chat function may be mainly
characterized by guiding the division of search terms (i.e., cooperation), the sharing of
single search results (i.e., contribution), or the exchanging of multiple perspectives on a
search topic (i.e., collaboration). In this sense, a specific technological component (e.g.,
chat function) may not only foster user communication but may also help them engage in
collaborative learning processes (e.g., by critical questioning the other seekers). Yet, a
mere technological component that fosters user collaboration does not necessarily mean
that users will use it to engage in collaborative learning processes. In order to describe the
actual learning processes of users during collaborative information seeking – and, thus,
also to be able to measure and promote specific aspects of learning processes – when
applying single technological components, it seems fruitful to use theoretical frameworks
to assume specific learning goals for collaborative and cooperative learning processes.

Furthermore, the focus in our investigation on whether the reviewed articles consider
information seekers’ reflection of sourcing strategies does not represent the complexity of
phenomena and research related to identifying and understanding online information
seeking, as we did not address other aspects that are considered in research (e.g., psycho-
logical features of seekers, such as seekers’ attitudes: Nauroth et al. 2015; or seekers’ trust
propensity: Lucassen and Schraagen 2012) (e.g., see Khosrowjerdi 2016; Marton and
Choo 2012 for an overview of sum theories used in research on seeking online health
information). In this context, other approaches that aim to highlight aspects of seeking
information are highly relevant for online contexts (e.g., the fact that content can be filtered
by algorithms, e.g., Shin and Park 2019; Zimmermann and Jucks 2018b).

10.3 Implications

Taking into account research on computer-supported collaborative learning and informa-
tion seekers’ critical reflection about sourcing strategies in online information, there is a
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crucial need for information seekers to critically question the sourcing of online informa-
tion and to argue not only about the relevance of information but also about the sourcing
of online information. Hence, technologies aimed at supporting collaborative information
seeking would benefit immensely from adding functions that allow for mutual discussions
(e.g., Siemon et al. 2019). Because users’ and designers’ understanding of the relevance of
collaborative argumentationmay increase the likelihood that they will communicate about
the searching and learning processes (rather than just the information they find), future
research should address whether information seekers who reflect on their searching
strategies – including how they consider specific aspects of their online information
seeking (e.g., awareness of algorithms-generated content, of the competence of people
who provide information, or of the usability of media) – are more successful in their online
information seeking. In this sense, future research could perform systematic investigations
on whether collaborative argumentation can promote seekers’ reflections about searching
strategies, seekers’ abilities to adequately search for information (learning to search), as
well seekers’ abilities to acquire knowledge on a search topic (searching to learn).

Additionally, research needs to investigate how the embedded communication func-
tions of technologies can be used by users in order to meaningfully communicate using
collaborative argumentation. In order to develop and integrate support functions in any
technology for collaborative online information seeking, developers should reference
research on instructional support in computer-supported collaborative learning, as it
represents a solid basis for deriving design elements. Here, studies on the integration of
CSCL scripts (i.e., instructional support to guide learners by the use of technology about
how to interact) provide interesting approaches for designing learning settings wherein
learners perform meaningful and beneficial collaborative learning activities; for
example, CSCL scripts that prompt transactive activities have been shown to
have a positive significant effect on domain-specific knowledge acquisition
(e.g., Vogel et al. 2017). In this sense, implementing prompts to a technology
that guide users on how to engage with other leaners transactively may increase
their co-constructional understanding.

In particular, educational scholars need to address both of the following processes in
order to promote online information behavior in students: searching to learn, as an
information- (or knowledge-)seeking activity that incorporates the process of argumen-
tation, as well as learning to search, where argumentative dialogue works as a mech-
anism to help users critically reflect on their sourcing strategies, the information
providers, and the media (e.g., von Aufschnaiter et al. 2008; Rieh et al. 2016).

In contrast to other related reviews of technologies that support collaborative online
information seeking (Ghadirian and Salehi, 2018; Hertzum and Hansen 2019), this review
investigates whether and how technologies are presented alongside the concept of collab-
orative argumentation among information seekers and how these technologies’ affordances
can support collaborative information seeking. This review demonstrates that some
reviewed technologies – but not all – use existing functions to allow for collaborative
argumentation (e.g., chat windows, instant messaging). For these technologies, integrating
functions that allow seekers to communicate – such functions that were mainly used in
articles focusing on technologies for general learning processes – may also promote
learning in the specific context of seeking online information.

Yet, these technologies might require additional instructional interventions as well
as further technological support, such as prompting functions that can help users
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engage in critical reflection (Thiebach et al. 2016; Renner et al. 2016) and instructions
on critical questioning (Mayweg-Paus et al. 2016; Heijltjes et al. 2015). For example,
developers of such a technology could implement prompts that inform learners at
certain steps of the learning process about background knowledge, including criteria
that are important for collaborative argumentation. In this sense, in the beginning of a
conversation, a technology could encourage users to increase each other’s understand-
ing of perspectives (i.e., to increase common ground). Later during a conversation, a
technology could instruct users to critically question each other’s arguments by, for
instance, bringing contradictory evidence or by faulting the reasoning underlying the
argument (e.g., Felton and Kuhn 2001).

Further, future research may also investigate whether coordination and col-
laboration in online information seeking can be supported by the use of
pedagogical agents that, for example, play the role of a learning companion
or a moderator between two actual learners, thus changing the dialogue policy
from system-initiative to user-initiative (Jurafsky and Martin 2000). Here,
scripts could be developed for these pedagogical agents that guide meaningful
collaboration between users. Furthermore, because seeking online information
(collaboratively) is often considered to be specific for different situations and
for different features related to the information (e.g., within health sciences or
economics and for information that differs in terms of content or task, com-
plexity, ambiguity, and actuality or its relevance for information seekers) (e.g.,
Kellar et al. 2007; Zhao and Zhang 2017), future research could extend our
understanding of the complexity of seeking online information collaboratively
by also investigating whether specific aspects of collaborative argumentation
produce different effects for different seeking situations.

Finally, considering an individual’s process of seeking online information to be
exclusively independent of collaborative online information seeking processes likely
ignores information seekers’ actual seeking behavior. In particular, research on seeking
online information within social networks allows for assumptions about seekers’ active
seeking strategies concerning how they seek information individually and collabora-
tively (e.g., Ramirez and Walther 2015; Zhao and Zhang 2017). Thus, this review’s
integration of research on computer-supported collaborative learning and trust in
individual information seeking may contribute to the understanding of general infor-
mation seeking, as it may address transitions between the elements of seeking infor-
mation individually and collaboratively (Hertzum 2017).
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