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Abstract
Group awareness (GA) tools can facilitate learning processes and outcomes by visualizing 
different social attributes, such as cognitive and behavioral information about group mem-
bers. To assist learning and writing in social media, combining various types of awareness 
information may foster learning processes due to challenges, which are difficult to address 
by one type of GA information alone. The systematic investigation of GA tool combina-
tions is largely unexplored with GA information often being examined separately or inter-
mixed. To reveal both positive and negative (interaction) effects of providing different 
types of GA information, we conducted a 2 × 2 between-subjects experiment with N = 158 
participants. Learners were provided with a wiki learning environment and, except for the 
control condition, different types of GA tools involving cognitive (knowledge bars) and/
or behavioral (participation bars) GA information. GA tool effects were considered at wiki 
selection, discussion, and article levels. Eye-tracking was used for investigating the atten-
tional effect of the GA visualizations. The results show that both types of GA information 
have effects on individuals’ selection preference, more strongly with the goal to learn new 
content than to support other wiki collaborators, which were introduced as within goal sce-
narios. Also, participants provided with behavioral GA support were more engaged in wiki 
contributions. However, only the combination of cognitive and behavioral GA information, 
rather than their separate visualization, had a positive effect on resulting article quality. 
This highlights the need for a holistic perspective when developing GA tools to improve 
wiki processes and outcomes.
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Introduction

Wikis can support collaborative learning and writing in many ways. They enable users 
to work with each other on joint knowledge artifacts without time and place constraints 
(Chen et al., 2015). Furthermore, their usage involves both valuable cognitive and behav-
ioral processes. Since wiki articles are often created collaboratively, a large knowledge 
base is depicted. Therefore, wiki content can itself serve as an extensive learning database. 
Although the potential for using wikis in learning scenarios is enormous, not every wiki 
has a primary learning focus. It is also possible to obtain wiki information solely for a 
specific problem or task. Moreover, it is necessary to encourage wiki users to actively pro-
duce content. This is not only important for collection purposes but can also have positive 
effects on cognitive processes, especially when change intentions are discussed in detail in 
the underlying wiki discussion forum (Heimbuch et  al., 2018). Nevertheless, using such 
platforms also poses challenges (Hadwin et al., 2018), such as the facilitation of selecting 
meaningful content that is conducive to learning (cognitive challenge) and the stimulation 
of active content production/contributions (behavioral challenge). To overcome such chal-
lenges, we consider group awareness tools (GATs), which collect, transform, and present 
information about group members (Bodemer et al., 2018). GATs can provide learners with 
different types of group awareness (GA) information, with cognitive and behavioral GATs 
precisely addressing the two challenges mentioned above. Although there are already 
some promising findings for both types of GA information in relation to different learn-
ing processes and outcomes (e.g., Janssen et al., 2011; Sangin et al., 2011), the types are 
often examined separately or in combination without disentangling their specific functions 
(Bodemer et al., 2018; Janssen et al., 2011). Only few studies have investigated the differ-
ences and overlaps between different types of GA information as well as the effectiveness 
of GAT combinations (e.g., Lin et  al., 2015). We aim to shed light on their interplay in 
a systematic way to better support learning processes in wikis and similar computer-sup-
ported collaborative learning (CSCL) platforms.

By using an experimental 2 × 2 between-subjects study and taking wiki environments as 
an example, this paper considers the linkage of cognitive and behavioral GA information 
and how the combination of both can be used to enhance single GAT outcomes. Addi-
tionally, we illuminate attention processes on a descriptive level by using eye-tracking to 
measure the extent of visual attraction of the designed GA support functions and other 
elements of the wiki environment. Our findings will help to better understand GA sup-
port and involved processes in CSCL for improving the instructional design of existing 
technologies.

Potentials of wiki‑based CSCL

One essential characteristic of social media platforms, such as wikis, is that they promote 
user-generated content and social interaction among their users (Dabner, 2012). The pop-
ularity of such participatory technologies can be explained by using socio-constructivist 
approaches, which assume that individuals learn best when they have constructed knowl-
edge through social interaction (Cole, 2009), something that is particularly promoted by 
wikis. This construction of knowledge is possible on the wiki article page as well as on the 
underlying discussion page. Thus, wikis offer considerable potential for valuable processes, 
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both behavioral (content creation) and cognitive (individual learning/collaborative knowl-
edge construction), to occur (Daspit & D’Souza, 2012).

Content creation is possible on several levels in wikis. Learners can create articles 
collaboratively, and they can interact with each other on the underlying discussion pages 
(Reinhardt, 2019). At the article level, writing can be seen as a distinctive set of moni-
tored thinking processes, orchestrated by the user and based on self-generated goals. These 
include the planning, translating, and reviewing of texts (Flower & Hayes, 1981), which is 
considered a fundamental method to support learning growth (Tynjälä et al., 2001). At the 
discussion level, writing offers the opportunity to exchange views on what has been written 
and to clarify disagreements, making it possible for content-related controversies to occur. 
Such controversies are based on the exchange of different points of view on a specific 
topic. These might induce beneficial socio-cognitive conflicts between learners’ cognitive 
structures and the social system or wiki, leading to meaningful cognitive reorganization, 
restructuring, and consensus-finding processes (Bell, 2004).

According to Piaget (1977), defending or balancing different opinions is relevant 
because disequilibrium or cognitive conflicts have positive effects on learning growth. 
Although this theory was originally intended to describe individual learning processes, 
Piaget’s assumptions can also be applied to social interactions and collaborative knowledge 
construction within a wiki (Cress & Kimmerle, 2008). If wiki users encounter information 
that contrasts to their original assumptions, such a beneficial state of conflict can be trig-
gered. Individual learning then takes place through internal assimilation or accommodation 
processes – more specifically, knowledge is transferred from the wiki into the user’s cogni-
tive system by purely adding new information or changing existing knowledge. However, 
the user can also resolve this conflict status by external assimilation and accommodation 
processes. External assimilation refers to the simple addition of new information to the 
wiki, whereas external accommodation describes activities of rearranging entire wiki sec-
tions. Both internalization and externalization of wiki information leads to a co-evolution 
of the cognitive (individual learning) and social (collaborative knowledge construction) 
systems (Cress & Kimmerle, 2008). This highlights that beneficial cognitive and behavio-
ral processes are closely intertwined in wiki-based learning.

Challenges of wiki‑based CSCL

Even if wikis have huge potential for learners, this has not always been fully exploited. In 
the following subsections, we introduce the cognitive and behavioral challenges that learn-
ers face in their wiki’s intersubjective space.

Cognitive challenge

Although social interaction is conducive to learning, not all types of interaction have the 
same beneficial effects (Heimbuch & Bodemer, 2017). Therefore, the drive to select or 
focus on “relevant” and content-related discussions is important. Social interaction needs to 
be meaningful and highly qualitative, in the sense of wiki actors dealing with content that 
can lead to the aforementioned beneficial socio-cognitive conflicts (Ollesch et al., 2019). 
This could be content about which of the user has less knowledge than other collabora-
tors or has a different point of view. Dealing with meaningful content can lead to relevant 
internalization or externalization processes, which is not always the case due to the huge 
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amount of information offered by social media (Buder et  al., 2015). It has already been 
shown that discussions in this context are frequently not deeply elaborated, instead simply 
skimming “over the surface” (Zhang & Zhang, 2010). Most wiki discussion pages (e.g., 
in MediaWiki) are empty pages lacking any pre-structure (Heimbuch & Bodemer, 2017), 
which makes it difficult to dive deeply into existing discussions without further structuring. 
This indicates that it makes sense to highlight cognitively relevant contributions to support 
the information search and navigation in discussion forums. Although selection processes 
can be described as a kind of behavioral process, the cognitive challenge is primarily con-
cerned with decision-making prior to the actual action.

Behavioral challenge

In addition to meeting the cognitive challenge, all collaborators should be willing to 
actively engage or interact with each other in task fulfillment and communication processes 
(Ollesch et al., 2019). In wikis, the behavioral challenge involves both contributing to fill-
ing the article with content and creating this content collaboratively and with adequate dis-
cussion. For this purpose, the discussion forum is suitable for exchanging opinions on the 
article topic before actual editing (Heimbuch et al., 2018). However, there is not always the 
willingness to exchange opinions in such environments (Kimmerle & Cress, 2008; Kreijns 
et al., 2013). One reason is that the individual contributions in wikis are not directly vis-
ible, because the version history as well as the discussion page are hidden behind the actual 
article. As soon as individuals work toward a common goal and their individual perfor-
mance becomes anonymous or not openly visible to all, their participation quantity is often 
reduced (Kimmerle & Cress, 2008), which can lead to social loafing and free riding (see 
Janssen et al., 2007). Moreover, social exchange arguably poses a social dilemma because 
it takes time and effort for individuals to share their knowledge, and they do not imme-
diately benefit from this action. However, if no one contributes, the whole group is more 
likely to suffer (Cress & Kimmerle, 2007). This shows that it is important to overcome the 
behavioral challenge at both the article and discussion page levels. Our study focuses on 
supporting the exchange in wiki discussion forums before article editing. It has already 
been shown that social interaction before actual article editing can be beneficial for both 
behavioral and cognitive outcomes (Heimbuch et al., 2018), leading to articles with fewer 
mistakes and enhanced learning potentials.

Group awareness support

To stimulate social interactions in general (addressing the behavioral challenge) and in a 
meaningful way (addressing the cognitive challenge), wikis and similar platforms depend 
on some degree of support (Kreijns et  al., 2013; Stahl & Hakkarainen, 2020). Here, we 
consider GATs as one solution to overcome the challenges mentioned above. These were 
highlighted by Rosé et al. (2019) as a helpful scaffolding method for collaborative learn-
ing. GA information is known to provide implicit guidance, which assists and improves 
self-regulated collaborative learning without giving explicit instructions regarding what 
to do (Miller & Hadwin, 2015). GA includes the knowledge about other group members’ 
knowledge, opinions, activities, or feelings. While this information is often highly inferable 
by learners in face-to-face situations, it is often not salient enough in computer-mediated 
learning scenarios (Wendt & Rockinson-Szapkiw, 2015), which highlights the need to 
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support GA technically. With the help of GATs, the perception of GA can be supported. 
GATs provide learners with information they can use to form a group, to participate in 
effective collaborative learning procedures (Bodemer et al., 2018), to monitor their learn-
ing and collaboration behavior, and to change this behavior if necessary (Butler & Winne, 
1995). GATs differ in the GA information they contain (Phielix et al., 2011). In the follow-
ing, we discuss the effects of cognitive and behavioral GA information on cognitive and 
behavioral processes as well as on individual and collaborative outcomes.

Cognitive GA information: different levels of knowledge

Cognitive GATs are tools that provide learners with awareness information about the 
knowledge, interest, or opinions of group members and help to focus on what content is 
meaningful, thereby mainly stimulating qualitative cognitive processes (addressing the 
cognitive challenge; Bodemer et  al., 2018; Lin et  al., 2015). They allow an individual’s 
knowledge or opinions to be compared with those of other group members, thus promot-
ing better grounding and partner modeling processes (Bodemer, 2011; Sangin et al., 2011). 
Especially regarding knowledge, it has been shown that the expertise of others is often 
over- or underestimated without any kind of support and that there is a need to support 
learners in the construction of accurate partner models (Dehler et al., 2011). An example of 
a cognitive GAT is the knowledge awareness tool of Sangin et al. (2011), which provides 
learning partners with information about each other’s knowledge differences (in the form 
of bar charts) based on a pretest score. It has been shown that this tool allows for a better 
assessment of the learning partners’ knowledge (Sangin et al., 2011).

Selection preference based on learning and supporting goals.  Studies in the social media 
field have already shown that the provision of cognitive GA information in the form of 
rating visualizations can facilitate navigation in large online forums and help to find high-
quality contributions for learning purposes (e.g., Buder et  al., 2015). Moreover, learners 
who are provided with controversy awareness markers in wikis direct their attention toward 
the selection of unresolved controversies for supporting purposes, leading to the potential 
for socio-cognitive conflicts to occur (Heimbuch & Bodemer, 2017). Although there can be 
a variety of intentions for actions in wiki learning environments, we count the aforemen-
tioned learning and supporting purposes as the main goals that drive learners in such envi-
ronments. Even though not yet examined in the social media context and for knowledge 
awareness, we assume that there are also positive effects on discussion thread selections in 
wiki environments when GATs visualize different levels of involved user knowledge. When 
the main goal is to learn new content, learners potentially select wiki discussion threads 
that visualize a high level of group knowledge rather than a medium or low level, because 
of the higher chance for finding helpful contributions. However, when the main goal is to 
support other collaborators, they potentially tend to select wiki threads that visualize low 
group knowledge among the participants rather than a medium or high level.

Engagement in behavioral contributions.  Cognitive GA information stimulates not only 
cognitive processes but also behavioral processes like the formulation of messages (Krauss 
& Fussell, 1991). On the one hand, there is the possibility of explaining and discussing 
information that is not known by the learning partner. On the other hand, there is the 
chance of closing knowledge gaps with the help of experts (Dehler et al., 2011). It has been 
shown that the visualization of partner deficits can motivate learners to contribute more in 
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terms of explanations (addressing the behavioral challenge; Dehler et al., 2011), whereas 
experts may also strategically withhold information (Ray et al., 2013). Therefore, cognitive 
GA information can trigger calculated supporting behavior, although this has yet to be con-
firmed across different contexts.

Outcome variables.  According to Bodemer et al. (2018), cognitive GATs show positive 
effects on both internalization and externalization tasks as outcome variables. These range 
from objective measures, such as individual knowledge gains (e.g., Gijlers & de Jong, 
2009) and collaborative wiki article quality (Heimbuch et al., 2018), to subjective measures 
like partner knowledge assessment (e.g., Sangin et al., 2011). However, desirable effects on 
outcome variables cannot be shown across all studies in this field, especially in relation to 
the findings on learning outcomes (Bodemer et al., 2018).

Behavioral GA information: different levels of participation

Even if wiki participants perceive that an action is expected, there are often no clear stand-
ards of what this effort should look like. Behavioral GATs provide such awareness informa-
tion by visualizing the activities of the group and its members (Kimmerle & Cress, 2008), 
e.g., the number of contributions to online discussions (Bodemer et al., 2018). When group 
members are aware of one another’s productivity rates during learning, they are able to 
assess how much content is desirable, which mainly stimulates quantitative behavioral pro-
cesses (addressing the behavioral challenge; Lin et al., 2015). This is even the case when 
people get bogus feedback (given information without real persons involved) about team-
mates’ high or low contribution rates (Cress & Kimmerle, 2007). A prominent example 
of a behavioral GAT is Janssen et  al.’s (2011) participation tool, which represents each 
group member as a circle whose size and distance from a group center varies. The larger 
the circle, the more has been contributed. Results show that learners who used the tool for 
a longer period were more involved in the discussions and the work on the group project.

Selection preference based on learning and supporting goals.  Although there is still little 
research on how the visualization of behavioral GA information influences selection deci-
sions (addressing the cognitive challenge; Ollesch et al., 2019), analogous to cognitive GA 
information, it might be concluded that when the main goal is to learn new content, learn-
ers potentially select wiki threads that visualize a high level of group participation rather 
than a medium or low level due to a potential higher amount of available learning material. 
However, when the main goal is to support other collaborators, they rather select wiki 
threads visualizing low group participation rather than a medium or low level due to the 
lack of available contributions regarding a specific learning topic.

Engagement in  behavioral contributions.  Being mutually aware of contribution rates 
stimulates feedback and motivational processes because learners want to avoid negative 
social evaluations by the group (Janssen et  al., 2011). In particular, descriptive social 
norms play a crucial role in the effectiveness of behavioral GA information on contribu-
tion engagement because they motivate actions by specifying what most people do in a 
particular situation (Reno et  al., 1993). It is assumed that actual participation is deter-
mined by such norms and that people adapt their behavior by observing others (Ajzen, 
2015), an assumption that can be transferred to the observation of behavioral GAT infor-
mation about other people. Crucial to the effectiveness of behavioral GA information in 
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information-exchange situations is not only the knowledge about others’ behaviors but also 
the identifiability of one’s own effort, because all people have a need to present themselves 
in a certain way (e.g., as a very productive person; Heo et al., 2019; Kimmerle & Cress, 
2008). According to Cress and Kimmerle (2007), the self is especially strategically pre-
sented in online CSCL settings, as people have more control than in offline settings. Peo-
ple use the technological characteristics of such environments with the goal of managing 
the impressions they give to other people (Walther, 2007, as cited in Kimmerle & Cress, 
2008). This highlights that cognitive processes are also involved in the effects of behavioral 
GA information.

Outcome variables.  According to Bodemer et  al. (2018), behavioral GATs have mixed 
results. Behavioral GATs mostly (not exclusively) show positive effects on externalization 
outcomes, which range from objective measures, such as the quality of collaborative writ-
ing products (e.g., Liu et  al., 2018), to subjective productivity assessments (e.g., Phielix 
et al., 2011). However, results on the quality of collaborative group performances are not 
consistent across studies (e.g., Janssen et al., 2011; Lin et al., 2019). In addition, internali-
zation outcomes, such as learning performance, are often not explicitly addressed in most 
papers on behavioral GA support or rarely present (Bodemer et al., 2018).

Personal characteristics influencing GAT effects

Although GA support has been proven to be beneficial, it is important to focus not only on 
the objective information given by a tool because learners may act differently, even with 
identical technology support (Tchounikine, 2019). Personal characteristics are currently 
rarely considered in the GAT context and could provide the basis for personalized GA sup-
port approaches. It may be that individuals, depending on their personal characteristics, use 
one type of information more heavily than the other type during the collaboration. Here, 
we introduce possible influencing variables, since it cannot be assumed that different GATs 
have the same effect on all types of learners.

One potential influence on the processing of both types of GA information is social 
comparison, which helps individuals to compare their own opinions and abilities with those 
of others in order to maintain an adequate and stable self-image (Festinger, 1954). Once 
learners work collaboratively on a task, they can become aware of the skills and activities 
of their learning partners. This promotes processes of social comparison and helps them to 
gain information about themselves and their own performance (Neugebauer et al., 2016). 
GATs can further foster this by visualizing awareness information about others (Bodemer 
et  al., 2018), such as their knowledge level (cognitive GA information) or participation 
amount (behavioral GA information). However, social comparison is not used by everyone 
to the same extent, with some relying more on it than others. Gibbons and Buunk (1999) 
termed this predisposition social comparison orientation. People with a higher tendency 
toward social comparison are more interested in information that allows comparison with 
interaction partners, enhancing GAT effects (Kimmerle & Cress, 2009; Neugebauer et al., 
2016; Ollesch et al., 2020).

Besides the tendency toward social comparisons, the construct need for cognition 
(NFC) is a potentially relevant personality trait affecting information processing in wiki 
environments, especially with regard to cognitive GA information. One prerequisite for 
effective cognitive GA support is that learners need to be willing to engage in valuable 
cognitive processing activities, as described by the NFC (Cacioppo & Petty, 1982). NFC 
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is considered a stable individual difference in people’s tendency to engage in and enjoy 
effortful cognitive activity (Cacioppo et al., 1996). Cohen et al. (1955) defined the NFC 
construct as “a need to structure relevant situations in meaningful, integrated ways. It is 
a need to understand and make reasonable the experiential world” (p. 291). It can thus be 
assumed that NFC determines the perception of a learning environment and the setting of 
learning goals. Cognitive GA information helps people with different amounts of NFC to 
distinguish between content with different cognitive requirements. Based on this, learn-
ers with a high NFC can elaborate presented GA information and wiki content more thor-
oughly, whereas learners with low NFC might avoid effortful thinking. It can be assumed 
that people with low NFC try to avoid cognitively demanding tasks, whereas people with 
high NFC consistently engage in and enjoy cognitively challenging activities (Petty et al., 
2009) or deep learning activities in general (Cazan & Indreica, 2014). However, both 
selecting wiki discussion threads involving people with high knowledge and low knowl-
edge could be considered challenging, so the direction of these effects is not clear here. On 
the one hand, choosing threads with GA information visualizing high group knowledge 
means that more cognitive effort is needed for potentially highly qualitative group discus-
sions, which is in line with high NFC (Ollesch et al., 2020). On the other hand, people with 
high NFC should not be inhibited by content that implies cognitively challenging issues 
and therefore potentially prefer threads with GA information that visualizes a lower group 
knowledge level in comparison to people with lower NFC (see Cacioppo et al., 1996).

Potential interplay of cognitive and behavioral GATs

Both cognitive and behavioral GATs have shown promising results on both cognitive and 
behavioral processes and outcomes in isolation. However, the separate provision of these 
types of GA information does not always lead to an improvement regarding cognitive (e.g., 
learning performance) and behavioral outcomes (e.g., wiki article quality), even though 
these are crucial dependent variables when it comes to measuring the success of GAT sup-
port in CSCL settings. A possible explanation for this is that both types of information 
are more likely to unfold their full effect when combined. Single GA indicators may not 
be able to address all the challenges that learners face in high-level CSCL settings to the 
fullest extent. While behavioral GA information mainly has the potential to heighten social 
interaction in general (addressing the behavioral challenge and quantitative behavioral pro-
cesses), cognitive GA information has predominantly positive effects on content-related 
decisions and interactions (addressing the cognitive challenge and qualitative cognitive 
processes), which we concretize in the following.

Behavioral GA information could be beneficial for strengthening the effects of cognitive 
GA information because it is known to trigger intensified social interaction, which can-
not be taken for granted but is seen as a fundamental prerequisite to knowledge construc-
tion by socio-constructivist approaches (Bento & Schuster, 2003; Scardamalia & Bereiter, 
1994). For high-order thinking skills, active participation or externalization of knowledge 
is indispensable (Daspit & D’Souza, 2012; Galikyan & Admiraal, 2019). It has already 
been shown empirically that collaborative writing processes, including active interaction 
patterns, generate higher-quality texts, can have a positive effect on learning performances 
(Liou & Lee, 2011; Liu et al., 2018), and help to develop better writing and language skills 
(Oh, 2014; Storch, 2011). The importance of such behavioral processes in knowledge con-
struction illustrates the potential for using behavioral GA information to trigger behavioral 
engagement as a supplement to cognitive GA information.
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Although behavioral processes in general can stimulate cognitive processes, simple 
participation does not automatically guarantee the emergence of valuable and highly qual-
itative cognition as assumed by Piaget (1977) or by the co-evolution model (Cress & Kim-
merle, 2008). Rather, interaction frequently refers only to emotional instead of cognitive 
exchange (Garrison et al., 2000). However, group collaboration requires both behavioral 
and deep cognitive engagement. Instructional design should therefore also strengthen val-
uable cognitive processes, such as by using cognitive GA information (Daspit & D’Souza, 
2012; Ma et  al., 2020). This is very promising because specific individual and group 
knowledge levels, highlighted by cognitive GA information, might influence the direction 
of social interaction and help to steer goal setting for wiki writing processes in a certain 
desirable direction (see Dehler et al., 2011). This might involve discussions with interac-
tion partners who have a higher level of knowledge that is challenging but still within the 
user’s zone of proximal development (see Vygotsky, 1978). The importance of cognitive 
processes in content and discourse orientation illustrates the potential for using cogni-
tive GA information to trigger cognitive engagement as a supplement for behavioral GA 
information.

Each form of GA information potentially benefits from the interaction with the other 
one, since the previously outlined learning processes are essential but cannot be triggered 
equally by single behavioral or cognitive GA information. Therefore, in studies without or 
with only slight GAT effects, providing one type of GA information might not have been 
enough to make learners aware of how much and what kind of content is desirable. We 
argue that even in studies where such effects have been shown, these could potentially have 
been enhanced by GAT combinations. We assume that cognitive and behavioral GA infor-
mation could complement each other positively when presented simultaneously to fulfill 
the aforementioned wiki potentials and enhance expected outcomes. This is in line with 
the research of Phielix et al. (2011), who considered and examined the effects of combined 
GA information, but using a full-tool versus no-tool examination strategy as well as a small 
group context. For the next step of understanding the behavioral and cognitive functions 
of GATs and of empowering wiki-based CSCL with GATs, it is essential to systematically 
disassemble and compare separate and combined effects of cognitive and behavioral GA 
information. This will help to identify positive, as well as potentially negative, (interaction) 
effects (see also the review by Ghadirian et al., 2016). Accordingly, hypotheses based on 
the previous theoretical considerations are derived and presented in the next section.

Hypotheses

Hypothesized single effects of GATs on selection decision (cognitive challenge)

With regard to the cognitive challenge and earlier empirical results, cognitive GA informa-
tion and especially group knowledge awareness leads to improved topic selection in dif-
ferent contexts (e.g., Dehler et  al., 2011; Heimbuch & Bodemer, 2017). We also expect 
that different levels of group participation influence wiki selection, depending on the indi-
vidual’s intentions. Above, we defined two selection goals that should be considered as the 
main drivers for actions in a wiki learning environment: the goal to learn new content and 
the goal to support other collaborators. Based on these two selection goals, we assume 
that people with GA support are more focused on selecting threads with a clearer need for 
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action – involving high and low group knowledge and participation levels – rather than 
medium levels. The following hypotheses are proposed:

H1.1: With the goal to learn new content, individuals who are supported by cognitive 
GA information select wiki threads presenting high group knowledge, whereas with 
the goal to support other collaborators, wiki threads with low group knowledge are 
preferred.
H1.2: With the goal to learn new content, individuals who are supported by behavio-
ral GA information select wiki threads presenting high group participation, whereas 
with the goal to support other collaborators, wiki threads with low group participa-
tion are preferred.

As outlined in the section on personality influences, a high NFC can potentially be satis-
fied in group constellations involving both very high and low group knowledge (see Cazan 
& Indreica, 2014; Cacioppo et al., 1996). Therefore, for H2, we focus on potential mod-
eration effects related to high and low group knowledge awareness presentations, this time 
without distinguishing between specific selection goals. We derived the following two-
sided hypothesis on the influence of NFC on the effects of cognitive GA information:

H2: The effect of cognitive GA information on the individuals’ selection of wiki 
threads presenting (a) high and (b) low group knowledge levels is moderated by 
NFC.

Hypothesized single effects of GATs on contributing (behavioral challenge)

With regard to the behavioral challenge that has not yet been examined in the social media 
or wiki context, research suggests that information about the participation amount of other 
wiki users leads to an alignment of discussion contributions when these are salient on the 
individual and group level (e.g., Kimmerle & Cress, 2008). We also assume certain effects 
of cognitive GA information on behavioral engagement, depending on the individual’s 
self-perception as more knowledgeable, which can be beneficial (Dehler et al., 2011) but 
potentially also non-beneficial (Ray et al., 2013) for behavioural outcomes, leading to the 
following hypotheses:

H3.1: Individuals who are supported by behavioral GA information match their own 
number of written discussion contributions to a presented behavioral group mean in 
comparison to individuals without behavioral GA support.
H3.2: With cognitive GA support, there is a correlation between the individual’s pre-
sented knowledge and the individual’s number of written discussion contributions.

Moreover, it has already been shown that a high need to engage in social comparison 
can enhance GAT effects on behavioral engagement of learners (Kimmerle & Cress, 2009; 
Neugebauer et al., 2016). Therefore, we propose:

H4: The effects of (a) cognitive GA information and (b) behavioral GA information 
on the individual’s number of discussion contributions are reinforced by the tendency 
toward social comparison.
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Hypothesized interaction effects of GATs on learning and wiki article quality

As stated above, behavioral and cognitive processes can support each other in collabora-
tive learning settings, which suggests that the interaction of behavioral and cognitive GA 
guidance, potentially triggering the same processes, should be crucial for increasing learn-
ing outcomes and wiki group products, in comparison to providing only one type of sup-
port. This goes beyond the simple addition of cognitive and behavioral GA information. 
We are mainly interested in the interaction effects of both types of information, since our 
assumption is that they unfold their effects disproportionately or fully if they are presented 
in combination:

H5: Individuals who are supported by cognitive and behavioral GA information 
achieve a better learning performance about the wiki topic than individuals who are 
supported by only one type of GA information.
H6: Individuals who are supported by cognitive and behavioral GA information 
achieve a higher wiki article quality than individuals who are supported by only one 
type of GA information.

Exploratory investigations

This section explains the variables collected in the exploratory investigations. Regarding 
H5 and H6, it could be argued that the joint processing of cognitive and behavioral GA 
information may be mentally exhausting (see Janssen et al., 2011) and thus cancels out the 
assumed positive interaction effects of GAT combinations in H5 and H6, especially when 
they contain subjectively unnecessary information (Janssen & Kirschner, 2020). However, 
we assume that the positive interaction effects clearly outweigh the potential negative inter-
action effects based on the presented empirical and theoretical relevance of cognitive and 
behavioral GA information. To check this, we controlled for the cognitive variable mental 
effort to exclude this as a confounding variable. Moreover, despite focusing mainly on cog-
nitive and behavioral outcomes in this research, we are also interested in whether cognitive 
and behavioral GAT combinations have a potential positive interaction effect on emotional 
outcomes, such as the well-being of the group, because emotions are part of cognitive and 
behavioral processes and relevant for intended technology use (Polo et al., 2016).

Methods

Research design

We used a 2 × 2 (cognitive GA information: present vs. absent; behavioral GA information: 
present vs. absent) factorial between-subjects design to test the hypotheses. There were 
four experimental conditions: a group without GA support; two groups with either cogni-
tive or behavioral GA support; and a group receiving both. The study was approved by the 
ethics committee.
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Participants

N = 158 German participants (116 females, rest males; M age = 22.89, SD = 4.90, 
17–59 years) took part in the study, which lasted 1 to 1.5 h. Most participants (93%) were 
students in study programs unrelated to the topic, with the rest being in employment. 
Some participants were randomly assigned to the control condition (n = 38), others were 
assigned to the cognitive (n = 41) and behavioral GA (n = 41) conditions, while the rest 
were assigned to the combination condition (n = 38).

Learning environment

Learners were provided with a self-designed wiki environment. We initiated an objective 
work-in-progress wiki article on energy sources. Participants were also provided with a 
wiki discussion forum, including additional arguments for and against different types of 
energy (e.g., solar energy, wind energy, etc.), given by a bogus group. In each thread of 
the discussion forum, two bogus collaborators were involved: one person in favor of the 
respective energy form and another person against the respective energy form. GA infor-
mation was presented as horizontal bars in the discussion forum in the header (individual 
and whole group level) as well as next to the 12 discussion threads (subgroup level). Fig-
ure 1 shows the wiki discussion forum for the combination condition, which was provided 
with cognitive GA information (yellow knowledge bars) and behavioral GA information 
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Fig. 1  Extract from the discussion forum with individual and whole group GAT levels in the header and 
subgroup GAT levels next to the discussion threads (partially translated in English)
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(blue participation bars). To eliminate sequence effects, the order of individual and group 
knowledge/participation bars was horizontally randomized across participants. We used 
“standard colors”, which are not especially eye-catching (Few, 2006). The wiki article con-
tained no GA visualizations.

Presentation of cognitive and behavioral GA information on individual level

Concerning individual level awareness information, the participants’ individual GA infor-
mation was presented in the header. This “You”-row was initially without an entry but 
was measured and adjusted accurately during the course of the study, leading to naturally 
occurring differences between participants.

The individual knowledge bar was adjusted after taking part in a knowledge pretest. 
In order to make the pretest neither too difficult nor too easy, a pilot study was conducted 
in advance, which comprised N = 55 participants (37 females, 16 males, 2 diverse; M 
age = 28.42, SD = 8.40, 20–62 years). The aim was to select suitable items of medium dif-
ficulty from a predefined set of 25 single-choice items on energy sources with four answer 
options each. Most participants (55%) were students, the others were in employment. As 
criteria for the item selection, the items should result in a score of ≈ 5 and should cover 
a wide range of the energy topics. This resulted in 10 items for which 10 points could 
be achieved, with a mean test score of M = 5.29 (SD = 1.57). Hence, there was a 10-step 
knowledge scale. Those items were mainly fact-based – that is, they asked for facts, such as 
“What is the efficiency of hydropower?”. An example for an adjusted individual knowledge 
bar with a final score of 7 points (= 7 correct answers) can be seen in the header’s “You”-
row in Fig. 1.

The individual participation counter was adapted dynamically during the collaboration. 
It went up by one every time a new discussion contribution was written. An example for 
an adjusted individual participation bar after one discussion contribution can be seen in the 
header’s “You”-row in Fig. 1.

Presentation of cognitive and behavioral GA information on group level

Even if the participants were not informed about it, the different levels of cognitive and 
behavioral GA information at whole and subgroup level were experimentally varied before 
the experiment started. For reasons of complexity, a distinction was only made between 
discussion threads visualizing low (counter on 2), medium (counter on 5), and high (coun-
ter on 8) subgroup average knowledge and/or participation. Concerning group level aware-
ness information, the knowledge bar in the header next to "Group" represented the average 
overall group knowledge of the whole group involved in the wiki environment/discussion 
forum, based on the total score of the aforementioned knowledge pretest. The participation 
bar in the header next to "Group" represented the average group contribution frequency of 
the whole group in the discussion forum in an aggregated form. Below, next to the respec-
tive discussion threads, the same visualizations were shown in a non-aggregated form. 
These GA visualizations referred to subgroups of the whole group and indicated the extent 
of participation and knowledge of the respective group members involved in threads like 
“Windenergie” (wind energy), in this case with low subgroup knowledge and medium sub-
group participation (see Fig. 1).
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Regarding the different levels of knowledge, discussion threads differed in terms of the 
bogus contributors’ own expertise assessment and the number of sources they used. In 
threads with low subgroup knowledge (small knowledge bar), collaborators were novices 
and did not use any sources (e.g., “[…] I am not an expert, but for me, the potential nega-
tive effects on people and the environment speak against the use of wind energy. […]”). In 
threads visualizing medium subgroup knowledge (medium knowledge bar), collaborators 
were very well-read or interested in the area and used only one source each (e.g., […] “I 
have read quite a bit on the subject of biofuels. According to Source x, biofuels have so far 
proven to be very inefficient and also represent for only about 10 percent of mankind an 
important source of energy. […]”). In threads with high subgroup knowledge (large knowl-
edge bar), both collaborators indicated that they worked in a relevant area of the energy 
industry and used two sources each (e.g., […] I work for a large energy company and 
think we should emphasize the good availability of silicon. It is the preferred material for 
crystalline solar cells according to Source a. According to Source b, the earth’s crust con-
sists of about 25.8 percent silicon […]”). None of the threads contained false or irrelevant 
information. Participants were told that this knowledge variation at the group level was 
based on the total score of the 10-items pretest, which they also took part in before the wiki 
collaboration.

Regarding the different levels of participation, discussion threads differed in terms of 
the number of contributions by the bogus collaborators. There were threads with low aver-
age subgroup participation (2 discussion contributions), medium average subgroup partici-
pation (5 discussion contributions), and high average subgroup participation (8 discussion 
contributions). In order to keep the visualization of knowledge and participation GA infor-
mation equal, a scale of 0-10 was chosen here as well. Participants were informed that the 
group member who contributed most had made 10 contributions (which was actually pos-
sible, derived from pilot testing).

Editing phases

The editing consisted of three phases, which all participants went through, regardless of 
the respective assigned condition. GAT effects were examined systematically at selection, 
discussion, and article levels (see Fig. 2). In the selection phase, participants were provided 
with the discussion forum (see Fig. 1). Only the wiki topics and the GA information were 
visible, depending on the different conditions. The actual discussion content was not yet 
revealed. For participants in the cognitive GAT condition, their individual knowledge bar 

Fig. 2  Procedure of the editing phases for all participants (within steps)
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was adjusted in this phase based on the pretest. As assessment of the participants’ inten-
tion behind specific thread selections (see H1.1 and H1.2) was difficult later in the study, 
the selection tendencies were examined in detail during the selection phase. This phase 
consisted of two selection tasks (STs), queried in succession, in which selection tenden-
cies were systematically examined for learning and supporting goals. All participants were 
asked to choose the three preferred threads (out of 12) they would most likely select based 
on the two subsequent scenarios. In ST1, they were asked to engage in using the wiki dis-
cussion forum with the goal to learn new content. In ST2, they were asked to engage in 
using the discussion forum with the goal to support other collaborators in solving their 
controversies.

The second 20-min discussion phase was about interacting with the discussion page. 
In this phase, participants were free only to read the content and learn from it or to write 
their own contributions to the discussion forum to solve bogus collaborators’ controversies. 
They were not instructed to support others or share their knowledge. Discussion contri-
butions were restricted to contain a word count of 30–100 words in order to be sent. For 
participants in the behavioral GA condition, their individual participation bar was updated 
in this phase. In the last 10-min phase, the wiki article should be supplemented with argu-
ments from the discussion forum. This article phase contained only the wiki article rather 
than any kind of GA information. Kimmerle et  al. (2017) recently identified different 
stages of collaborative activities during text development, starting with individual knowl-
edge sharing, leading to a mutual restructuring phase, and finally the expression of a shared 
opinion. Since our work is primarily concerned with the contribution that the individual 
makes to the group and no actual reaction occurs, our research can be located in the knowl-
edge-sharing phase.

Measures

To answer H1.1 and H1.2 (concerning selection preferences), we measured the proportion 
of selected threads presenting high, medium, and low group knowledge, as well as present-
ing high, medium, and low group participation, relative to the total number of threads in 
both STs (goal to learn new content and goal to support other collaborators). This resulted 
in 12 variables (six variables each ST).

To measure NFC (H2a and H2b), the NFC subscale of the German Rational-Expe-
riential Inventory (Epstein et  al., 1996) by Keller et  al. (2000) was used (α = 0.87; 14 
items measured on a seven-point Likert scale, ranging from 1 = “completely incorrect” 
to 7 = “completely true”). An example item is: “I would rather solve a task that requires 
intelligence, is difficult and significant than a task that is somehow important but does not 
require much thought.” Two mean values for thread preferences were determined from 
STs 1 (goal to learn new content) and 2 (goal to support other collaborators): one for the 
selection preference of high group knowledge, the other for the selection preference of low 
group knowledge across both STs.

To answer H3.1 and H3.2 (concerning the number of discussion posts), the number of 
total discussion contributions was counted.

The tendency toward social comparison (H4a und H4b, concerning personal influences) 
was surveyed with the German version of the Iowa-Netherlands Comparison Orientation 
Measure (COM; Jonas & Huguet, 2008) (α = 0.84; 11 items answered on a seven-point 
Likert scale, ranging from -3 = “I don’t agree at all” to 3 = “I totally agree”). An example 
item is: “I always pay a lot of attention to how I do things compared to others.”
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To answer H5 (concerning learning-related variables), we used a posttest consisting of 
24 single-choice items: 10 fact-based items were identical to the pretest, to which we added 
14 argument-based items. The latter were mainly related to pro and contra arguments 
regarding different energy types, derived from the discussion forum, such as “What are the 
arguments against using biofuels?”. A total sum score was calculated for the whole posttest 
with the number of correctly answered questions and the learning gain for the 10 identical 
fact-based items of the pretest and posttest.

To answer H6 (concerning article quality), we analyzed the word count, the argument 
count, and the balance of new pro and contra arguments in the article. Since the task was to 
add new content from the discussion forum to the article, it was assumed that more content 
or a higher article productivity also implied higher quality. Arguments were considered 
as new if they contained new and correct information not yet included in the article, such 
as “An argument against the use of water for energy production is that it would involve 
interfering with nature, such as by constructing reservoirs, which would affect humans and 
animals.”. Eight overall categories were defined as being analogous to the respective topics 
contained in the text: fossil energy, nuclear energy, renewable energy, wind energy, hydro 
energy, solar energy, biofuels, and geothermal energy. The following subcategories were 
created for each topic: contra argument, pro argument, and additional information. The 
latter was almost never the case, as it was the participants’ task to complement the article 
with pro and contra arguments from the discussion forum. One coder encoded all records, 
and 10% of records were initially counter-encoded by a second coder with an almost per-
fect interrater reliability of Cohen’s κ = 0.83. After a discussion among the researchers, the 
rest were further finalized by the first coder. To calculate the argument balance, two cat-
egories were created. Code 1 was assigned when there was at least one pro and one contra 
argument for a topic; otherwise, a code of 0 was assigned. The sum score of all codes was 
then divided by all thread topics contained in the article to evaluate whether people wrote 
balanced articles on average.

Mental effort was measured with a German translation of Paas’s (1992) one-item scale 
(“In solving or studying the preceding problem I invested”; 1 = “very, very low mental 
effort” to 9 = “very, very high mental effort”). Well-being was measured with the German 
version of Lang and Bachinger’s (2017) Well-being scale (α = 0.89; 14 items answered on a 
five-point Likert scale, ranging from 1 = “none of the time” to 5 = “all the time”). An exam-
ple item is: “I’ve been feeling good about myself.” The scores for COM, NFC, and well-
being were calculated from the corresponding questions in the questionnaire. In the case of 
mental effort, we calculated an overall mean score from three measuring points (α = 0.76).

Procedure

Before the study began, participants received information about it and signed a consent 
form. During the study, participants were provided with a scenario about working together 
with other people on a wiki article on energy sources, which would be evaluated and also 
serve as a test preparation. Participants who were in the different GA conditions addition-
ally received an explanation of the function of the knowledge and/or participation bars, but 
without being explicitly told how to deal with such GA information. The main procedure 
was as follows:

(1) After an initial five-minute wiki article reading phase, (2) all participants completed 
the aforementioned 10-items pretest. (3) Then, the actual editing commenced, consisting of 
the three phases (see Fig. 2). (3.1) In the selection phase, all participants went through the 
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two STs (with a goal to learn new content and a goal to support other collaborators). For 
participants supported with cognitive GA information (cognitive GA and combination con-
ditions), their individual knowledge bar was adjusted at this point based on the score they 
achieved. (3.2) In the discussion phase, some participants (behavioral GA and combination 
conditions) were provided with an adaptive individual participation bar. In this phase, there 
was no specific focus on whether cognitive (reading) or behavioral activities (contributing) 
were preferred. (3.3) In the article phase, the wiki article on energy sources was edited. 
Mental effort (Paas, 1992) was measured directly after each editing phase. After the edit-
ing phases, all respondents filled out the well-being scale (Lang & Bachinger, 2017), the 
posttest, the COM (Jonas & Huguet, 2008), and the NFC scale (Keller et al., 2000), before 
being debriefed.

Eye‑tracking investigation

We were interested in the participants’ visual attention on different elements in our learn-
ing environment, because this provides an insight into participants’ consideration of our 
GA visualizations and further underlying attentional processes. Visual attention is under-
stood as the process of selecting and concentrating on stimuli of interest, and hence the 
processing of characteristics to which attention is paid more deeply (Goldstein, 2008). This 
is relevant as people never perceive the whole scene or learning environment; rather, only 
a fraction of the available visual information is processed. The actual processing of visual 
information only takes place when there is a persistent fixation – in other words, when the 
gaze remains in a certain position for a quarter or half a second. Saccades represent the 
eye movements or “jumps” between fixations (Manhartsberger & Zellhofer, 2005). Since 
humans have only a limited processing capacity, attention processes are directed to subjec-
tively important aspects, something we wanted to disclose for our setting.

To investigate the impact of cognitive and behavioral GA visualizations on visual atten-
tion, a further N = 20 participants (11 females, M age = 22.45, SD = 3.59, 18–30  years) 
were recruited (five participants for each condition). The number was small because of 
the limited eye-tracking equipment. Moreover, via visual observations, we found that par-
ticipants’ behavior was inhibited by the eye-tracking procedure. They received further 
eye-tracking-related instructions, which potentially interfered with their natural interaction 
behavior. The distribution of attention in the learning environment was recorded and exam-
ined via Tobii Pro Spectrum. Participants were positioned at a distance of about 70  cm 
from the screen and were instructed to move as little as possible during editing. To increase 
recording accuracy, eye movements were calibrated with a nine-point calibration technique 
before the editing phases. The aim of this was to adjust the eye tracker to the participants’ 
eyes. Lighting conditions were kept as similar as possible for each participant.

Results

For H1.1 and H1.2, we used ordinal regression analyses because of the ordinal selection 
variables. For H2a/H2b and H4a/H4b, we used the PROCESS macro v3.4 for SPSS to run 
moderation analyses. Extreme outliers (three interquartile distances away from the upper/
lower quartile) were removed in all regression-based procedures. We mainly calculated 
2 × 2 ANOVAs (H5, H6, and exploratory calculations on mental effort and well-being) to 
check for significant interaction terms (involving the factors cognitive GA and behavioral 
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GA information). For H3.1, we were particularly interested in the behavioral GA informa-
tion effects. In most cases, a normal distribution was not given for the dependent variables 
of the ANOVAs (Shapiro–Wilk test; p < 0.05), and bootstrapping (10,000 samples) was 
applied. To test H3.2, a bivariate correlation was applied. A significance level of α = 0.05 
was defined for all procedures. Tests for directional hypotheses were one-sided.

Impact on selection (hypotheses 1 and 2)

In H1.1 and H1.2, we assumed that the availability of GA information has an impact on 
the preference of threads visualizing different levels of GA information, depending on the 
selection goal (variables derived from ST1 and ST2). To check if there was a difference 
between persons with respective cognitive or behavioral GA support and those without GA 
support, we calculated ordinal regression analyses with the factors cognitive or behavio-
ral GA information (single factor models). To test the hypotheses, we report the follow-
ing selection effects: cognitive GAT effects on the selection of high/medium/low group 
knowledge wiki threads in comparison to no cognitive GA support (H1.1), and behavioral 
GAT effects on the selection of high/medium/low group participation wiki threads in com-
parison to no behavioral GA support (H1.2). In total, we conducted 12 regression analyses 
(support conditions were used as a baseline here), because there were two STs (goal to 
learn new content and goal to support other collaborators) and six dependent variables. The 
χ2 tests for the whole model fits of all regression analyses (step 1) are reported in Table 1.

In the following (step 2), we provide only the parameter estimates (b) for ordinal 
regression analyses showing a significant χ2 test (see Table 1) to determine the direction 
of effects. In H1.1, we assumed that the selection frequency of wiki threads presenting 
different group knowledge levels is influenced by the provision of cognitive GA infor-
mation. Ordinal regression analysis shows that when the goal was to learn new content 
(ST1), learners supported with cognitive GA information were more likely to select threads 

Table 1  χ2 tests related to differences in selection preference of threads involving low, medium, and high 
group knowledge (k.) and participation (p.)

The first line of each cell represents ST1 (goal to learn new content), the second line represents ST2 (goal to 
support other collaborators)

χ2 df p R2 M (SD)% M (SD)%

Cognitive GA information Present Absent
Low k. 1

2
14.07
2.74

1
1

 < 0.001
0.098

0.11
0.02

19.83 (22.34)
41.35 (35.09)

31.25 (15.57)
30.05 (20.44)

Medium k. 1
2

15.54
7.56

1
1

 < 0.001
0.006

0.12
0.06

14.77 (19.79)
28.24 (22.14)

28.17 (21.56)
37.09 (20.74)

High k. 1
2

29.04
1.04

1
1

 < 0.001
0.308

0.19
0.01

65.40 (30.40)
29.54 (29.23)

39.81 (23.50)
32.41 (22.36)

Behavioral GA information Present Absent
Low p. 1

2
5.35
0.06

1
1

0.021
0.812

0.04
 < 0.001

16.88 (23.79)
31.22 (37.49)

25.32 (25.72)
26.16 (21.79)

Medium p. 1
2

1.48
12.95

1
1

0.224
 < 0.001

0.01
0.09

31.05 (23.78)
24.47 (25.99)

35.19 (21.59)
37.55 (21.59)

High p. 1
2

6.49
1.60

1
1

0.011
0.205

0.05
0.01

51.48 (30.57)
44.30 (34.89)

39.91 (19.21)
36.29 (21.48)
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with GA visualizing high group knowledge (Wald’s χ2(1) = 26.56, p < 0.001, b = 1.71, 
Exp(B) = 5.54) and less likely to select threads with GA information visualizing low 
group knowledge (Wald’s χ2(1) = 13.13, p < 0.001, b = -1.29, Exp(B) = 0.28) in compari-
son to learners without cognitive GA support. They were also less likely to choose threads 
with medium group knowledge in comparison to participants without cognitive GA sup-
port (Wald’s χ2(1) = 14.75, p < 0.001, b = -1.28, Exp(B) = 0.28). However, when the goal 
was to support other collaborators (ST2), the provision of cognitive GA information did 
not make a significant difference regarding the selection of threads with GA visualizing 
high group knowledge or with GA information visualizing low group knowledge in com-
parison to learners without cognitive GA support (see Table 1). On the other hand, there 
was a significant effect on the number of selected threads with GA visualizing medium 
group knowledge. Here, participants with GA support were less likely to choose threads 
with medium group knowledge in comparison to participants without cognitive GA sup-
port (Wald’s χ2(1) = 7.20, p = 0.007, b = -0.96, Exp(B) = 0.38). In summary, it can be stated 
that the provision of cognitive GA information had an effect on selection (clearer in ST1, 
goal to learn new content). Participants with cognitive GA support were more focused on 
“relevant” or high GAT levels with a learning goal (ST1), as stated in H1.1.

In H1.2, we assumed that the selection frequency of wiki threads with different group 
participation levels is influenced by the provision of behavioral GA information. Ordinal 
regression analysis shows that when the goal was to learn new content (ST1), the provi-
sion of behavioral GA information made a significant difference regarding the selection of 
threads with GA visualizing high group participation, in favor of the behavioral GA support 
condition (Wald’s χ2(1) = 6.34, p = 0.012, b = 0.81, Exp(B) = 2.24), as well as threads with 
GA information visualizing low group participation, here in favor of the control condition 
(Wald’s χ2(1) = 5.26, p = 0.022, b = -0.71, Exp(B) = 0.49). However, there was no effect on 
threads with GA visualizing medium group participation (see Table 1). When the goal was 
to support other collaborators (ST2), the provision of behavioral GA information made a 
significant difference regarding the preference of medium group participation threads, in 
favor of the control condition (Wald’s χ2(1) = 12.40, p < 0.001, b = -1.10, Exp(B) = 0.33). 
There were no significant differences regarding low and high group participation threads 
(see Table 1). Although the provision of behavioral GA information did not produce such 
clear effects as the provision of cognitive GA information, there were interesting effects, 
partially supporting H1.2.

To better understand the influence of NFC on selected threads visualizing high (H2a) 
and low (H2b) group knowledge, two moderator analyses were conducted. In our modera-
tor analysis, NFC represented the moderator, cognitive GA information was the predictor, 
and (a) selection preference of high group knowledge threads and (b) selection preference 
of low group knowledge threads were the respective criteria for the two analyses. The cal-
culations revealed no significant interaction effects for NFC and the cognitive GA factor on 
selection preference of high group knowledge threads (β = -0.01, t(141) = -0.09, p = 0.930) 
and low group knowledge threads (β = 0.06, t(145) = 0.78, p = 0.433), thus refuting H2a 
and H2b.

Impact on number of discussion posts (hypotheses 3 and 4)

Concerning H3.1, a 2 × 2 ANOVA shows the expected positive main effect for the factor 
behavioral GA information (F(1, 154) = 64.50, p < 0.001, η2

p = 0.30; further single/inter-
action GAT effects were absent; see Table  6 in the Appendix). People with behavioral 
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GA support wrote approximately two more contributions to the discussion forum (with-
out being instructed to do so) than people without behavioral GA support (no support: 
M = 1.74, SD = 1.75; behavioral GA: M = 3.63, SD = 1.22).

Concerning H3.2, we applied a two-sided bivariate correlation to examine if there was a 
relationship between the presented individual knowledge score and the number of written 
discussion posts. Because the focus here was on the effects of cognitive GA information, 
only people who received knowledge bars were included in the calculations. We found a 
small positive correlation (r(79) = 0.25, p = 0.029), supporting H3.2. Participants wrote 
more discussion posts when the cognitive GAT presented a higher individual knowledge 
score.

To better understand the influence of the tendency toward social comparison processes 
on the effect of the factors of cognitive GA information (H4a) and behavioral GA infor-
mation (H4b) on the number of discussion contributions, we conducted two moderator 
analyses. In these moderator analyses, the tendency toward social comparison processes 
represented the moderator, the cognitive or behavioral GA information factors were the 
predictor, and the number of discussion contributions was the criterion. However, there 
was no significant interaction effect between cognitive GA support and tendency to com-
parison (β = 0.03, t(153) = 0.33, p = 0.373). Also, the interaction of behavioral GA support 
with tendency toward social comparison did not explain a significant proportion of the 
number of discussion contributions (β = 0.07, t(153) = 1.02, p = 0.154). H4a and H4b are 
not supported.

Interaction effects on learning (hypothesis 5)

Before we checked H5 or the interaction effects on learning outcomes, we examined 
whether there were differences in the first pretest score. The descriptive pretest scores (10 
points for 10 correct answers) are as follows: no support – M = 4.66 (SD = 1.84); cogni-
tive GA support – M = 4.73 (SD = 1.61); behavioral GA support – M = 4.85 (SD = 1.74); 
and combined support – M = 5.16 (SD = 1.22). A 2 × 2 ANOVA shows that the cogni-
tive GA information factor (F(1, 154) = 0.54, p = 0.465, η2

p = 0.003), the behavioral GA 
information factor (F(1, 154) = 1.45, p = 0.230, η2

p = 0.01), and their interaction (F(1, 
154) = 0.20, p = 0.656, η2

p = 0.001) did not become significant; hence, potential effects of 
prior knowledge could be excluded.

For the main calculations of H5, we were interested in the interaction effects of cog-
nitive and behavioral GA information regarding the learning performance variables. For 
descriptive values, see Table 2. Here, the means show that a slight superiority of combined 
GA support is recognized.

Although the descriptive values are always slightly in favor of the combination condi-
tion, neither the interaction effects for the whole posttest score (F(1, 154) = 1.84, p = 0.178, 
η2

p = 0.01) nor the learning gain (F(1, 154) = 0.02, p = 0.903, η2
p < 0.001) became signifi-

cant. Further single GAT effects were also absent (see Table 6 in the Appendix).

Table 2  Descriptive statistics (M (SD)) of the learning variables

No Support Cognitive GA Behavioral GA Combination

Posttest score 13.05 (4.34) 12.88 (3.74) 13.17 (2.89) 14.50 (2.75)
Learning gain 0.95 (1.89) 1.24 (2.34) 1.17 (1.60) 1.40 (1.50)
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A repeated-measure analysis shows that there was a general learning gain (improvement 
of fact-based items between pretest to posttest) across all conditions (F(1, 157) = 65.00, 
p < 0.001, η2

p = 0.29) from M = 4.85 (SD = 1.62) points to M = 6.04 (SD = 1.77) points. 
The interaction with our created wiki environment thus generally led to an improvement in 
learning, even when it was independent of GA manipulation.

Interaction effects on article quality (hypothesis 6)

As assumed in H6, a 2 × 2 ANOVA reveals that there were positive interaction effects on 
(a) article word count (F(1, 154) = 4.17, p = 0.043, η2

p = 0.03), (b) argument count (F(1, 
154) = 18.31, p < 0.001, η2

p = 0.11), and (c) argument balance (F(1, 154) = 5.07, p = 0.026, 
η2

p = 0.03), however, the latter was low in all conditions (possible maximum value = 1). For 
interaction plots, see Fig. 3. Further single GAT effects (see Table 6 in the Appendix) are 
not interpreted because of the significant interaction terms.

To show that each form of GA information benefits when the other one is added, we 
calculated two post-hoc simple effect analyses for each dependent variable, using cognitive 
or behavioral GA information as a predictor. The results reveal the visual trends and show 
that the single presence of knowledge or participation awareness information did not make 
a significant difference on (a) word count, (b) argument count, and (c) argument balance, in 
comparison to the control condition. Only in combination are significant positive effects in 
evidence (see Table 3). Thus, H6 is supported.

Fig. 3  Interaction plot (M (SD)) of article word count, argument count, and argument balance
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Exploratory analyses

Due to the missing positive interaction effects for the learning variables, it can be assumed 
that an increased mental effort or decreased well-being played a role here (see “Explora-
tory investigations”).

No significant interaction effect was found for the 2 × 2 ANOVA concerning the overall 
mental effort (F(1, 154) = 0.79, p = 0.376, η2

p = 0.01). However, the 2 × 2 ANOVA relat-
ing to well-being revealed a significant interaction effect (F(1, 154) = 5.87, p = 0.017, 
η2

p = 0.04); see Fig. 4. Further single GAT effects were absent for both dependent variables 
(see Table 6 in the Appendix).

Post-hoc simple effect analyses show that the single presence of cognitive or behav-
ioral GA information made a significant positive difference on well-being. However, in 

Table 3  Post-hoc simple effect analyses for article quality

Dependent Variable Predictor Factor levels df F p

Word count Behavioral GA No Cognitive GA 1, 154 0.42 0.519
Cognitive GA 1, 154 5.02 0.027

Cognitive GA No Behavioral GA 1, 154 0.02 0.885
Behavioral GA 1, 154 7.52 0.007

Argument count Behavioral GA No Cognitive GA 1, 154 0.12 0.727
Cognitive GA 1, 154 32.51  < 0.001

Cognitive GA No Behavioral GA 1, 154 0.03 0.870
Behavioral GA 1, 154 38.62  < 0.001

Argument balance Behavioral GA No Cognitive GA 1, 154 0.12 0.729
Cognitive GA 1, 154 8.05 0.005

Cognitive GA No Behavioral GA 1, 154 0.04 0.847
Behavioral GA 1, 154 11.40 0.001

Fig. 4  Interaction plot (M (SD)) 
of well-being
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combination these positive effects were not significant, neither with knowledge nor partici-
pation awareness information as a predictor (see Table 4).

Eye‑tracking results

To examine visual attention in our wiki environment, we chose the relative duration time as 
a measurement metric, because none of the editing phases contained an automatic forward-
ing. After the respective time frames, participants were asked to go to the next page. They 
proceeded independently, so the absolute duration times were slightly different for each 
participant. To ascertain which elements attracted the most attention, the following areas of 
interests (AOIs) were defined for the selection phase (including both STs; goal to learn new 
content and goal to support other collaborators) and discussion phase: topics, cognitive GA 
bars, and behavioral GA bars. Header bars (individual and whole group level) and wiki 
thread bars (subgroup level) were included together; see Fig. 1 as a reference. The article 
phase was not considered as it contained no GA information. The folded text field in the 
discussion phase (see Fig. 1, right side) was also not defined as an AOI in the first step or 
for the duration time. Most of the focus on it was during the discussion phase, which was 
not included in the selection phase, and thus including it would have made the further dura-
tion times uninterpretable.

Table 4  Post-hoc simple effect analyses for well-being

Dependent Variable Predictor Factor levels df F p

Well-being Behavioral GA No Cognitive GA 1, 154 3.92 0.049
Cognitive GA 1, 154 2.09 0.150

Cognitive GA No Behavioral GA 1, 154 5.45 0.021
Behavioral GA 1, 154 1.19 0.227

Table 5  Duration time on area of 
interests (in %)

Due to rounding, the total is not always exactly 100%. N/A: No data 
available

Topics Knowledge bars Participation 
bars

M SD M SD M SD

Selection phase
No Support 100.00 0.01 N/A N/A N/A N/A
Cognitive GA 72.12 17.68 27.88 17.68 N/A N/A
Behavioral GA 82.70 4.52 N/A N/A 17.30 4.52
Combination 44.36 9.87 32.84 8.10 22.80 6.55
Discussion phase
No Support 100.00 0.00 N/A N/A N/A N/A
Cognitive GA 95.82 1.87 4.18 1.87 N/A N/A
Behavioral GA 84.69 5.29 N/A N/A 15.30 5.29
Combination 83.91 5.42 10.96 6.47 5.13 3.67
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Independently of all conditions and editing phases, the thread topics received the most 
attention out of the three defined AOIs (see Table  5). In the control condition, this was 
100% because there was no GA support at all. Moreover, both types of GA information 
received considerably more attention in the selection phase, especially in combination, 
than in the discussion phase. Furthermore, (individual and group) knowledge bars received 
more attention than (individual and group) participation bars in the selection phase (see 
Table 5). In the discussion phase, participation bars got more attention than knowledge bars 
in separate GA support conditions, whereas it was the other way around in combination.

In order to derive further insights into attention processing, the share of the total saccade 
amount between all AOIs was considered (see Table 7 in the Appendix). This time, the text 
field was included as a further AOI. Saccade results indicated that there was more switch-
ing between the wiki thread topics and the text field (especially in the discussion phase), 
whereas GA information was given relatively little attention, thus supporting the results 
of the duration times. However, in the selection phase attention was more distributed with 
combined GA information, with more saccades between participation and knowledge bars.

Discussion

The aim of the reported study was to uncover potential individual effects of providing 
learners with cognitive and behavioral GA information, as well as investigating the interac-
tion of both types of GA information in a wiki context.

Main results

The results of our study reveal that both cognitive (H1.1) and behavioral (H1.2) GA infor-
mation have certain effects on selection. Especially with the goal to learn new content 
(ST1), threads involving much group knowledge as well as group participation are pre-
ferred when there is GA support. H1 is, therefore, partly supported. Related to the num-
ber of written discussion threads (H3.1), behavioral GA information leads to a stronger 
alignment of engagement. Moreover, people for whom the GAT displayed more individual 
knowledge were more motivated to support other people in resolving content-related con-
flicts (H3.2). H3 is, therefore, fully supported. With regard to the assumed effects of the 
influencing variables (H2a/b and H4a/b), no significant effects could be found. Therefore, 
H2 and H4 are not supported. With respect to the assumed positive interaction effects on 
learning performance (H5) of behavioral and cognitive GAT combinations, we were not 
able to show significant results. Thus, H5 is not supported. However, there were positive 
interaction effects for article productivity (word count, argument count) and argument bal-
ance (H6), which were our defined metrics for article quality. Participants from the combi-
nation condition scored best here. H6 is, therefore, fully supported.

Single effects on cognitive challenge

With regard to selection decisions or the cognitive challenge, both H1.1 and H1.2 are par-
tially supported. When the intention was to use the wiki threads as a learning material 
(ST1), people with cognitive GA support preferred threads involving high levels of group 
knowledge. This is in line with the study of Dehler et al. (2011), who found that learners 
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are more likely to ask for explanations if their learning partners know more than they do. 
Selection effects of behavioral GA information have not been systematically investigated 
in prior studies, but our research shows that there were indeed behavioral GAT effects for 
ST1 (goal to learn new content) in favor of high group participation threads. These are 
not unexpected, because high participation or the availability of many contributions can 
mean that there is much content to learn. In terms of supporting others (ST2), however, 
the effects are not clear for either type of GA information. This may be due to the fact that 
we only presented GA information without any action recommendations to the learners. 
Thus, some participants might have associated low group knowledge with a need to sup-
port, whereas other participants saw high group knowledge as an incentive to engage in 
and support higher-quality discussions. Similarly, low group participation may indicate a 
need for support, but a high level of participation might also have signaled heated dis-
cussions or a high potential for conflicts, which increased the need for support. Since GA 
information only provides implicit incentives (Janssen & Bodemer, 2013), it can be inter-
preted in different ways. Therefore, it would be interesting to examine how participants 
behave when telling them the expected use of GA information, such as by enhancing GA 
usage with scripting (see Tsovaltzi et al., 2014). To sum up, our results show that cognitive 
GATs in wikis have the potential to overcome the cognitive challenge in wiki-based learn-
ing by helping to focus on meaningful content (Ollesch et al., 2019). Moreover, behavioral 
GA support can have some valuable effects here, which is a new insight.

For H2a/b, we had assumed that NFC would influence the effect of cognitive GA infor-
mation on selected threads presenting high and low group knowledge. However, this was 
not statistically supported. Think-aloud protocols could be useful for gaining a more pre-
cise idea of what kind of threads are considered more cognitively strenuous and why.

Single effects on behavioral challenge

With regard to discussion contributions or the behavioral challenge, both H3.1 and H3.2 were 
supported. Participants who saw individual and group participation bars wrote two more dis-
cussion contributions in 20 min than those without these participation bars. This is a large 
difference considering the short time slot, and it aligns with the findings of Kimmerle and 
Cress (2008) and Janssen et al. (2011). Therefore, behavioral GA information can be shown 
to contribute to overcoming the behavioral challenge in wiki-based learning. With regard to 
cognitive GA information, it was not clear in advance what effect this would have on dis-
cussion engagement, especially for persons with high individual knowledge. We were able 
to show that people with more knowledge presented also wrote more supporting discussion 
posts, so cognitive GA information did indeed address the behavioral challenge in wikis. 
However, for those with less individual knowledge presented, the trend is more likely to go in 
the opposite direction.

For H4a/b, we assumed that the tendency toward social comparison processes would 
increase the GAT effects (Neugebauer et al., 2016). This tendency was not significant for 
the behavioral GA condition, possibly because the behavioral GAT effects were gener-
ally already strong (see H3.1) so that individual differences did not make a big difference. 
Furthermore, real or synchronous interactions instead of bogus interactions might have 
increased the effects for both types of GA information.
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Interaction effects of cognitive and behavioral GA information

Regarding the interaction effects on the learning-related variables (whole posttest and 
learning gain), the results for H5 were not significantly supported. There was a general 
increase in learning related to fact-based items from the pretest to the posttest. This means 
that the interaction with the wiki content per se was beneficial. However, we originally 
assumed that the effects for behavioral and cognitive GA information combinations would 
be stronger than found in this study (Ollesch et  al., 2019). We expected that cognitive 
GA information would help indicate unequal knowledge levels within the group and thus 
trigger beneficial socio-cognitive conflicts (Bell, 2004), and that behavioral GA informa-
tion would help verbalize and internalize new content more deeply (Garrison et al., 2000; 
Webb, 1991). It is possible that a learning superiority was not that clear because of the 
time limit of 20 min in the discussion phase, leading to the content being dealt with rather 
superficially. Since the instructions for the discussion phase were open, it would have been 
interesting to expand the engagement time and define the learning purpose more clearly, 
thereby possibly identifying stronger learning differences between those conditions.

With respect to article quality, our findings clearly show a positive interaction effect 
or that, on average, significantly more new words and arguments were added when both 
types of GA information were provided, which supports H6. Blumenstock (2008) sug-
gested quantitative metrics like word count as good predictors of highly qualitative wiki 
articles in comparison to other more complicated methods. Additionally, participants in the 
combination condition wrote on average more balanced wiki articles – that is, they inserted 
both pro and contra arguments regarding one topic into the whole article – which also sup-
ports H6. This finding should be looked at more deeply in the future; however, it provides 
an initial indication that participants in the combination condition not only added more 
words and arguments, but also argued in a more balanced way, even though balance scores 
were in general rather low. Future learning environments and research should take this into 
account in order to support learners in their balance of argumentation style.

To sum up, the results on word count, argument count, and argument balance demon-
strate that cognitive and behavioral GA support can indeed improve the contribution to 
group outcomes or wiki article quality by triggering participation and providing awareness 
about cognitively relevant content. It makes sense, therefore, to look at both GA compo-
nents together (see Janssen & Bodemer, 2013), because respective activities go hand in 
hand: Behavioral activities can contribute to increasing cognitive competencies and vice 
versa.

Exploratory findings and eye‑tracking observations

We did not find any significant differences in mental effort, so the provision of two types 
of GA support did not have a negative impact on cognitive resources. However, the combi-
nation of cognitive and behavioral GA information did not have a positive effect on well-
being for the group, which contrasted with the situation for the single support conditions. 
Although we did not focus on emotional processes and outcomes, these might be consid-
ered more in relation to long-term usage intentions because social media use is signifi-
cantly driven by emotional needs and interpersonal support. Current research suggests giv-
ing greater weight to emotional regulation support in CSCL settings, both at individual 
and group level (Järvelä et al., 2016, 2019). Therefore, future research should integrate and 
investigate emotional cues in the form of awareness tools (see Slakmon & Schwarz, 2019).
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Eye-tracking observations show that the content elements (topics and text field) received 
more attention (duration time and saccades) than the GA information, which means that 
GA bars were more likely to be seen as an add-on. We had expected that GA informa-
tion would have a higher visual impact, which might have increased its effects. However, 
as higher duration time and saccades for the GA information were found in the selection 
phase than in the discussion phase (especially for GAT combinations), it is clear that the 
GA information is more likely to be drawn to the selection than to the actual engagement. 
As duration time was higher for cognitive GA information than for behavioral GA informa-
tion in the combination condition for the selection and discussion phases, this might mean 
that cognitive GA information was more important to participants. However, this could 
also be a sign of higher complexity. The cognitive GA bars were possibly more difficult to 
elaborate on. Whereas the participation bars simply represented the number of contribu-
tions, in the case of knowledge bars participants may have needed more elaborations on 
necessary actions with little or high individual and group knowledge.

The eye-tracking sample was small, so it is difficult to say whether the results can be 
fully generalized. However, they provide initial indications of potential improvement. We 
plan to change the GA design in future studies to make it more prominent or to explicitly 
suggest threads with specific GAT constellations when it comes to, for example, support-
ing others and best practices are not known (see Rosé & Ferschke, 2016). Also, implicit 
real-time gaze feedback would be conceivable, which is known to facilitate coordination 
processes and learning gains in CSCL (Hayashi, 2020). In this study, we deliberately did 
not specify a concrete goal for GA usage. In the context of online communities, it is con-
ceivable to give guidelines or tips on how to deal with GA information on a visual level. 
This could also be accompanied by a stronger consideration of GA information, which, 
according to our eye-tracking observations, seems to take a back seat. Eye-tracking was 
very helpful for assessing how attention-grabbing our GA design is, so we recommend 
ensuring that support measures are prominently placed in the focal point of a user’s visual 
field to enlarge their effects. Moreover, adapting the learning environment accordingly is a 
priority (Wise & Schwarz, 2017). We believe that attention patterns could be used in the 
future to give adaptive (on-the-fly) feedback to students (Król & Król, 2019) when helpful 
support measures are not adequately considered.

Addressing limitations

Our study has some limitations. First, a wiki is a specific platform and not everyone has 
experience with handling wikis. However, advanced wiki-specific functionalities (markup 
language, etc.) were removed beforehand in order to simplify the handling as much as pos-
sible and to make the results generalizable.

The greatest limitation is most likely the laboratory design of the study, which focused 
more on internal validity and experimental control than on external validity. Laboratory 
settings have artificial features in comparison to real-world settings. For example, partici-
pants knew they were in an experiment, and the visualizations of the group’s cognitive and 
behavioral variables were generated artificially rather than by real group data, which makes 
it easier to manipulate the independent variables but reduces external validity. The over-
all topic could not be chosen by the user, which is often a critical defining characteristic 
of wikis like Wikipedia. Moreover, the group’s behavioral GA mean was initially always 
higher than the participants’ individual behavioral GA bar. This allowed for positive effects 
rather than negative effects to occur. If this had been the other way round, opposite effects 
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are conceivable. According to Kimmerle and Cress (2009), this could be counteracted by 
using a different information presentation format. In our study, for example, a format that 
visualizes not only group means but also individual values of other people might have 
allowed for more accurate comparisons, even if group mean values were not necessarily 
high. Nevertheless, we believe that it is necessary to further investigate these results in 
more realistic settings and to investigate potential negative effects of low group means in 
subsequent work.

Despite these concerns, we believe that conducting our study in a laboratory setting was 
important because the complex mixture of uncontrolled factors in field studies can threaten 
their internal validity (Anderson & Bushman, 1997). The detailed and exact analysis of 
the isolated and pure effects of cognitive and behavioral GA information would not have 
been possible without this kind of manipulation (e.g., allowing for systematically differ-
ent GAT levels). Field studies include confounding variables, for example introduced by 
possible cheating in knowledge tests or error variance due to fluctuations in technological 
conditions (Reips, 2000). Despite the highly controlled laboratory setting, it is worth not-
ing that participants were not instructed to do anything specific in the discussion phase, 
such as sharing their knowledge; instead, they were free to read or write discussion posts, 
which particularly makes the behavioral results notable. Furthermore, real interaction over 
larger time spans might have even heightened the effects. Finally, the setting allowed us 
to examine the attentional impact of the GA information, which helps to optimize future 
design efforts.

Our laboratory study provides a basis for recognizing fundamental GA mechanisms 
that can be easily transferred to more realistic settings. This is supported by the fact that 
many properties of real wiki scenarios can be found in our laboratory study – for example, 
not knowing each other individually, selecting subtopics of interest, writing asynchronous 
discussions, and editing the wiki article – even if they were investigated in isolation in 
our research. In addition, the high number of different types of data collected in our study 
(from log-data to attentional metrics) also suggests an easy transfer to more realistic set-
tings, since studies need to collect more diverse types of data to characterize a situation 
in all its complexity (Jeong et al., 2014). In environments such as Wikipedia, the editing 
phases are not divided in the way we divided them, but the design could be contextualized 
in a classroom setting, which is guided by a teacher outside the physical classroom who 
defines the overall topic and deliberately divides the collaboration into wiki discussion and 
editing phases. GATs may be helpful in such and similar learning situations to give real-
time feedback about task progress, facilitating teacher orchestration (Martinez-Maldonado, 
2019). One way of examining the effects in such contexts could be a randomized classroom 
quasi-experiment in which the experimental conditions are set up through online grouping 
(see Cho & Schunn, 2007).

Implications

Although most of our results show only small effect sizes, it can be stated that both cogni-
tive and behavioral GA information have an effect on cognitive processes like selection 
decisions (cognitive challenge), as well as on behavioral processes like motivation to con-
tribute in wiki-like environments (behavioral challenge). Thus, we believe it could be help-
ful to provide such GA information in real wiki learning or similar scenarios to make it 
easier for users to navigate the platform and plan certain actions.
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In this paper, we have shown that cognitive GA information indeed addresses the cogni-
tive challenge (Ollesch et al., 2019). Behavioral GA information also seems to offer direc-
tion to students. Furthermore, we have demonstrated that behavioral GA information, in 
particular, addresses the behavioral challenge (Kimmerle & Cress, 2008; Ollesch et  al., 
2019). Hence, this can be a very helpful support measure in wiki or similar scenarios when 
the goal is to get people to contribute.

In the case of cognitive GA information, effects regarding the behavioral challenge are 
not so straightforward. If the focus of a wiki learning activity is on contributing or support-
ing, less knowledgeable users may better overcome their inhibitions if the state of knowl-
edge is not visualized. To avoid overwhelming participants with information in this study, 
we considered only the effects of GATs in the discussion forum. It would be interesting to 
look at the effects at the article level in further studies. Furthermore, we deliberately chose 
average GA values for the bogus group to give participants the possibility of outperforming 
or underperforming the group means. Therefore, it would be important to look at what the 
effects look like if GATs visualize group deficiencies or superiorities. Cognitive and behav-
ioral GA information might have the opposite effect and should possibly even be faded out 
in order not to reduce the motivation of the participants. In addition, further user charac-
teristics should be considered in follow-up studies, as the effects of NFC and the tendency 
toward social comparison could not be shown.

Finally, it can be stated that article quality can be increased by combining cognitive and 
behavioral GA information, which means that these GAT combinations could be evaluated 
in the field context. Based on the results on well-being, it has to be considered to what 
extent emotional processes or challenges in wikis can be further supported in the future, 
such as by asking for wiki users’ subjective feelings or by using sentiment analysis of dis-
cussion posts to make people aware of potentially unfriendly comments. Sentiment analy-
sis includes the automatic recognition of the tonality of text, such as a tweet, an online cus-
tomer review, or a comment in a forum (Liu, 2012). Although this has not yet been applied 
to the wiki context, it might in the future be used to automatically extract the friendliness 
level of wiki contributions based on constellations of words used.

Conclusion

The results show that providing users with cognitive and behavioral GA information, both 
when separately applied and in combination, can have positive effects on cognitive as well 
as behavioral learning processes and outcomes in social media. This is highly relevant for 
the practical application and support of wikis and other CSCL platforms. However, the 
results also highlight that cognitive and behavioral GAT combinations do not necessarily 
have a positive effect on emotional outcomes like the well-being of learners. Maintaining 
a positive group climate is one of the big challenges in CSCL, which underlines the neces-
sity of also considering emotional processes in learning contexts. Such investigations serve 
to discover the extent to which emotional GA needs to be supported in wikis or similar 
platforms to create a sense of community. In general, more laboratory and field studies that 
systematically investigate other types of GAT combinations (e.g., emotional and cognitive 
GA information) are therefore needed to uncover other interaction effects. Further, disen-
tangling behavioral, cognitive, and emotional processes and outcomes on different levels 
(support measures, challenges) seems to be essential for understanding and using the full 
potential of GA support in social media contexts.
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Appendix

Table 6  Summary of all 2 × 2 ANOVAs

Dependent Variable Factor df F η2
p p

Discussion contributions Cognitive GA 1, 154 1.29 0.01 0.258
Behavioral GA 1, 154 64.50 0.30  < 0.001
Interaction 1, 154 0.07  < 0.001 0.798

Posttest score Cognitive GA 1, 154 1.08 0.01 0.300
Behavioral GA 1, 154 2.46 0.02 0.119
Interaction 1, 154 1.84 0.01 0.178

Learning gain Cognitive GA 1, 154 0.77 0.01 0.382
Behavioral GA 1, 154 0.40 0.003 0.530
Interaction 1, 154 0.02  < 0.001 0.903

Word count Cognitive GA 1, 154 3.37 0.02 0.068
Behavioral GA 1, 154 1.27 0.01 0.262
Interaction 1, 154 4.17 0.03 0.043

Argument count Cognitive GA 1, 154 20.34 0.12  < 0.001
Behavioral GA 1, 154 14.33 0.09  < 0.001
Interaction 1, 154 18.31 0.11  < 0.001

Argument balance Cognitive GA 1, 154 6.37 0.04 0.013
Behavioral GA 1, 154 3.10 0.02 0.080
Interaction 1, 154 5.07 0.03 0.026

Mental effort Cognitive GA 1, 154 0.44 0.003 0.507
Behavioral GA 1, 154 0.03  < 0.001 0.875
Interaction 1, 154 0.79 0.01 0.376

Well-being Cognitive GA 1, 154 0.78 0.01 0.380
Behavioral GA 1, 154 0.14 0.001 0.706
Interaction 1, 154 5.87 0.04 0.017
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