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Abstract

Group work is a commonly used method of working, and the performance of a
group can vary depending on the type and structure of the task at hand. Research
suggests that groups can exhibit "collective intelligence"—the ability to perform
well across tasks—under certain conditions, making group performance somewhat
predictable. However, predictability of task performance becomes difficult when
a task relies heavily on coordination among group members or is ill-defined. To
address this issue, we propose a technical solution in the form of a chatbot providing
advice to facilitate group work for more predictable performance. Specifically, we
target well-defined, high-coordination tasks. Through experiments with 64 virtual
groups performing various tasks and communicating via text-based chat, we found a
relationship between the average intelligence of group members and their group per-
formance in such tasks, making performance more predictable. The practical impli-
cations of this research are significant, as the assembly of consistently performing
groups is an important organizational activity.

Keywords Group work - Consistent group performance - Group support system -
Performance prediction - Automated facilitation

1 Introduction

Collaborating in groups to complete work tasks is one of the most established ways
of working (Chapman et al. 2006). Hence, consistently (well-) performing groups
are of substantial value to companies since group performance becomes somewhat
predictable. Predictable performance is desirable in various domains for several rea-
sons. It enables effective planning and efficient working, allowing organizations to
plan their operations, projects, and resources more effectively (Albert 2004). When
performance is consistent and predictable, estimating timelines, allocating resources,
and setting realistic goals becomes easier. This enables better project management,
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reduces the likelihood of delays, and enhances overall productivity. When perfor-
mance is consistent, it becomes easier to identify and rectify deviations or issues.
This reduces the likelihood of errors, defects, or service failures, enhancing overall
quality.

The ability of an individual to perform consistently (well) across various types of
tasks is determined by one’s "individual intelligence." Consequently, the ability of
a group to perform consistently (well) across tasks is defined as "collective intelli-
gence" (CI) (Aggarwal et al. 2015; Engel et al. 2014; Woolley et al. 2010). Woolley
et al. (2010) measured CI using an exploratory factor analysis in which a single gen-
eral factor explained substantial variance in a group’s performance outcomes across
various tasks. Thus, we consider CI as an explanatory factor for a group’s consistent
performance across tasks. Such a CI factor is suitable for predicting how the group
will perform.

Graf-Drasch et al. (2022) analyzed prior research on the CI factor and discovered
that CI depends on the task structure. Task structure can be well-defined (having
verifiably correct solutions) or ill-defined (lacking predetermined solutions) (Jonas-
sen 1997; Schraw et al. 1995). Across well-defined tasks, groups exhibit CI. That is,
groups that perform well on well-defined tasks tend to perform similarly on other
well-defined tasks. Across ill-defined tasks, groups do not exhibit CI, and it is not
possible to infer performance on one task from performance on other tasks (Graf-
Drasch et al. 2022).

Going beyond the distinction based on the task structure (well-defined and ill-
defined) might allow an even better understanding of group performance and its
predictability. Coordination theory suggests that people perform two core activities
when collaborating in groups regardless of the task structure (Malone and Crowston
1990, 1994). These two core activities are production and coordination. Production
activities are performed individually. Hence, they are likely related to individual
intelligence (Barlow and Dennis 2016a). In contrast, coordination is about managing
the interdependencies of group members. Coordination is not, or at least to a lesser
extent, related to individual intelligence. Usually, well-defined tasks tend to be high
in production, and ill-defined tasks tend to be high in coordination (Graf-Drasch
et al. 2022). Nonetheless, there are ill-defined tasks, such as brainstorming activi-
ties, that require little to no coordination because group performance is the sum of
individual effort. In a similar vein, coordination activities also occur in well-defined
tasks.

Based on coordination theory, Barlow and Dennis (2016a) argued that group
members’ individual intelligence is a predictor for group performance in high-
production tasks, as group performance is largely the sum of individual work.
In other words, the group members’ intelligence is a factor that explains the per-
formance (for high-production tasks) and, hence, is a predictor for performance
and CI. Such a relationship between group members’ individual intelligence and
their CI has also been shown in the seminal study by Woolley et al. (2010) but
not in all subsequent work on CI. For group tasks that require higher coordination
among group members, the intelligence of individual group members only has a
limited impact on the outcome of group performance (O’Brien and Owens 1969)
and, hence, does not seem to be a predictor of CI (Barlow and Dennis 2016a).
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This effect cannot be explained solely by the work of Graf-Drasch et al. (2022), as
the task battery used by Barlow and Dennis (2016a) comprised two well-defined
tasks and one ill-defined task. To the best of our knowledge, all studies finding
a CI factor used task batteries with a major share of well-defined high-produc-
tion tasks (c.f. “Appendix 17). The case is different for ill-defined high-coordi-
nation tasks, as groups did not yet exhibit such an explanatory factor in prior
research. The remaining two task types (well-defined high-coordination tasks and
ill-defined high-production tasks) have rarely been investigated concerning intel-
ligence and predictable performance. Therefore, we suggest that the predictabil-
ity of task performance does not simply rely on the task structure (well-defined
or ill-defined) but also on the extent of required coordination (production or
coordination).

While the structure of a task cannot be altered—an ill-defined task will remain
one—the core activities of the task can be influenced. An example of this is the
work of Barlow and Dennis (2016a), who reduced the coordination in the group in
favor of production activities by task-specific preparation to strengthen the impact
of individual intelligence on group performance. Consequently, this work focuses
on well-defined high-coordination tasks and how to facilitate group work so that
performance is somewhat predictable from group characteristics, specifically from
group members’ individual intelligence, as an explanatory factor. Going beyond the
task-specific preparation used by Barlow and Dennis (2016a), we suggest a scalable,
task-type-specific (not task-specific) approach. Thus, we pose the following research
question (RQ):

RQ How to facilitate group work in well-defined high-coordination tasks so that
group members’ individual intelligence is an explanatory factor for group perfor-
mance?

We propose automated facilitation that affects the core activities. Such auto-
mated facilitation can be implemented in a group support system (GSS) or other
digital collaboration environments. A GSS is a tool that can help groups to struc-
ture coordination processes without changing the nature of the task (Barlow and
Dennis 2016a). We conduct an online experiment with 64 virtual groups perform-
ing various tasks while communicating via text-based chat, a common knowledge
work setting. Results from our online experiment indicate that automated facilita-
tion is an approach leading to the emergence of an explanatory factor for group per-
formance in well-defined high-coordination tasks, fostering predictability of group
performance.

The paper is structured as follows: Sect. 2 provides the theoretical background
on group performance and the influence of intelligence, task types, and structures,
and facilitating collaboration in GSS and other digital collaboration environments.
It also presents the hypotheses posed about facilitating group work, depending on
the type of task. We outline our experiment design and procedures in Sect. 3. Sec-
tion 4 presents the results of our quantitative analysis. After discussing our results
and their implications, we give an outlook addressing limitations and future research
in Sect. 5. In Sect. 6, we conclude with a summary.
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2 Theoretical Background and Hypothesis Development
2.1 Group Performance and the Influence of Intelligence

Individual performance across tasks is strongly linked to individual intelligence
(Deary 2000; Gottfredson 1997; Spearman 1904). However, in group work, we note
a fundamental decoupling of performance and intelligence in most tasks (Barlow
2017; Barlow and Dennis 2016a, b; Day et al. 2004; Woolley et al. 2010). Prior
studies on how individual intelligence affects task-specific group performance reveal
that individual intelligence is more substantial in additive tasks than in compen-
satory tasks where group members consider multiple criteria (Devine and Philips
2001; Steiner 1972; Valacich et al. 2006). In additive tasks, group performance is
essentially the sum of the individual performances of all group members. For group
tasks that require higher coordination among group members, the intelligence of
individual group members only has a limited impact on the outcome of group per-
formance (O’Brien and Owens 1969), and other aspects seem to play a role (Dennis
et al. 2022; Woolley et al. 2010). This limited impact on group outcomes suggests
that these outcomes fundamentally differ from the outcomes of individual tasks
(Barlow and Dennis 2016b; O’Brien and Owens 1969).

Woolley et al. (2010) took the basic idea that individual intelligence drives indi-
vidual performance across tasks and applied this concept to groups, assuming that
groups, like individuals, have a characteristic level of intelligence (Woolley et al.
2010). They conceptualized CI as a group’s ability to perform well on various tasks.
This definition led to a new stream in the research on CI (Barlow and Dennis 2016a;
Gimpel 2015; Graf-Drasch et al. 2022; Kim et al. 2017). With CI, group perfor-
mance tends to be consistent across tasks. Groups that perform well (or poorly) in
one task also perform well (or poorly) in other tasks (Woolley et al. 2010).

Prior research has investigated the antecedents and boundary conditions of CI.
The literature has suggested that CI is influenced, to some extent, by the general
individual intelligence of the group’s members (Barlow 2017; Barlow and Dennis
2016a; Bates and Gupta 2017; Woolley et al. 2010). Other individual-level factors,
such as group members’ social sensitivity, personality, and group collaboration fac-
tors, such as balanced speaking turns, may be relevant for the groups to exhibit CI
(Dennis et al. 2022; Woolley et al. 2010). The medium for collaboration (face-to-
face or computer-mediated) does not seem to have an influence (Engel et al. 2014,
2015; Meslec et al. 2016; Woolley et al. 2017). Other studies, however, have not
found empirical evidence for CI in the vein of the Woolley et al. (2010) study. Sum-
marizing this prior work, Graf-Drasch et al. (2022) recently pointed out that the task
structure enables or inhibits groups exhibiting CI.

2.2 Task Types and Structure

Prior research has posited that a group’s ability to perform a task well depends on
the basic structure of the task and core activities (Graf-Drasch et al. 2022; Kitchner
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1983; Newell and Simon 1972; Schraw et al. 1995). With regard to structure, a
task is either well-defined or ill-defined. Well-defined tasks have evident solutions
(Jonassen 1997; Schraw et al. 1995) that are verifiably correct, and there is a guaran-
teed procedure to achieve the solution(s) (Jonassen 1997; Schraw et al. 1995; Simon
1973). In contrast, ill-defined tasks lack predetermined or verifiably correct solu-
tions or procedures (Jonassen 1997; Schraw et al. 1995). They require a unique solu-
tion different from other tasks’ solutions (Newell and Simon 1972).

When people work in groups, they perform two core activities: production and
coordination (Malone and Crowston 1990, 1994). Production is performed individu-
ally and, therefore, likely to be related to individual intelligence rather than interde-
pendencies among group members (Barlow and Dennis 2016a). In contrast, coor-
dination is about managing the interdependencies of group members. Coordination
involves four different activities: communication, perception of common objects,
group decision-making, and (pure) coordination (Malone and Crowston 1990).
Group tasks typically require both production and coordination, although some tasks
are particularly high in coordination, while others are primarily production-oriented
(Kittur et al. 2009).

Although related, task structure and core activities are two concepts that lead to
four task types. First, ill-defined tasks usually require considerable effort to under-
stand the task (Simon 1973). Therefore, ill-defined tasks are often high in coor-
dination. Moral reasoning is an example of such an ill-defined task that is high in
coordination. Second, not all ill-defined tasks are high in coordination. There are ill-
defined tasks that require substantial production, such as creativity tasks like brain-
storming. Third, well-defined tasks typically are rather low in coordination. Copying
a text is an example of a well-defined task where the correct solution is the sum of
individual efforts. Fourth, well-defined tasks might also require a higher share in
coordination activities (Graf-Drasch et al. 2022). An example is an estimation task
where the group must correctly answer a numerical estimation question. Table 1
illustrates examples of the four different task types.

In summary, a task can be conceptualized as having two dimensions: the core
activities and the task structure. The core activities can be either production or coor-
dination. The task’s structure relates to the task’s solution or expected response.
Well-defined tasks have verifiably correct answers, while ill-defined tasks have
multiple solutions or no apparently correct solution. Both dimensions should be
considered because they both influence the performance of groups. Therefore, we
propose considering four task types: ill-defined high-production tasks, well-defined
high-production tasks, ill-defined high-coordination tasks, and well-defined high-
coordination tasks.

Extending on this differentiation, the task types also relate to the inherent com-
plexity of performing the tasks. Snowden and Boone (2007) define four types of
complexity. Presumably, complexity results from both the core activities and the
solution to the task, affecting whether groups can exhibit a CI factor. For well-
defined high-production tasks, it is reasonable to conclude that this is a simple
context (in the terminology of Snowden and Boone 2007). For example, the right
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Table 1 Four task types with examples

\

Core
activities

High-
production

Task structure

lll-defined
lll-defined high-production tasks

Example: Brainstorming. The group
works  out  several  correctly
brainstormed items (e.g., words or
numbers fulfilling given criteria) that
can be added up (i.e., high-
production) once duplicates have
been removed. The task is ill-defined
due to many possible solutions.

Type of complexity: complicated

lll-defined high-coordination tasks

Example: Moral reasoning. The group
evaluates arguments regarding two
moral dilemmas following no specific
pattern; instead, the procedure for
solving the task is arbitrary (i.e., ill-

Well-defined
Well-defined high-production tasks

Example: Copy text. The group must copy
text into a shared document. This task has
a clear process structure: typing a text.
The result is equally clear: the text to be
typed (i.e., well-defined). The task is
additive in that the number of correct
characters produced by each group
member can be summed up (i.e., high-
production).

Type of complexity: simple

Well-defined high-coordination tasks

Example: Estimation. The group must
correctly answer a numerical estimation
question. The correct answer can be
reached by successive guessing (i.e., well-
defined). Since it is an estimation task for

High-
coordi-
nation

defined). More people cannot
provide more answers, as the
participants'  stringency in the
evaluation of the arguments is rated.
A lot of coordination is required to
reach a joint decision (i.e., high-
coordination).

which group members must discuss their
opinions, their results cannot simply be
added up (i.e., high-coordination).

Type of complexity: complicated

Type of complexity: complex

answer is undisputed, and all parties share an understanding. In such simple tasks,
prior research repeatedly found a CI factor, suggesting rather high consistency and,
thus, predictability of performance across tasks. In contrast, ill-defined high-coordi-
nation tasks are arguably the most challenging task type and presumably a complex
context, as it is not possible to easily discover correct answers (for completeness,
chaotic contexts are not of relevance here). In complex contexts, a single action
or decision can cause flux and affect succeeding decisions, exhibiting previously
unknown interrelationships that make it difficult to track down correct answers.
It is a hindrance for groups to exhibit a CI factor. Well-defined high-coordination
tasks and ill-defined high-production tasks in between in terms of complexity that is,
complicated. Not everyone recognizes the existence of a clear relationship between
cause and effect (i.e., which answer is adequate for the task) in well-defined high-
coordination tasks. Ill-defined high-production tasks may encompass multiple cor-
rect answers. In both cases, "known unknowns" (Snowden and Boone 2007) play a
role that affects how to respond to the respective task. Whether groups can exhibit
a CI factor in complicated contexts is unclear due to the lack of available research
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(cf. Sect. 1). In sum, this would suggest that, with the lower complexity of the task,
groups tend to exhibit CI.

2.3 Facilitating Collaboration in Group Support Systems and Other Digital
Collaboration Settings

Collaboration must be facilitated to effectively support and enhance the collabora-
tion process (French 2013). Previous research has shown that the group collabora-
tion process, encompassing how the group collaborates, holds significant importance
(Riedl et al. 2021; Woolley et al. 2010). Consequently, it is important to support the
interaction processes of the group (e.g., nudging the group toward a more effective
group coordination strategy). Such facilitation can be seen as a set of functions or
activities carried out before, during, and after a group interaction to help the group
achieve its intended outcomes more easily (Bostrom et al. 1993). Facilitation is a
dynamic process that involves managing relationships between people, tasks, and
technology and structuring tasks to achieve intended outcomes. Facilitation can be
implemented in a GSS or other digital collaboration environments.

Facilitating group work with GSS is a topic with a long history in information
systems research (e.g., Chen et al. 2007; Galletta and Zhang 2014; Kilgour and Eden
2010; Newman and Dynamics 2021; Pervan 1998). Traditionally a GSS "aims to
improve the process of group decision-making by removing common communica-
tion barriers, providing techniques for structuring decisions and systemically direct-
ing pattern, timing, and content of the discussion" (DeSanctis and Gallupe 1987,
p- 589). As this common definition dates back to 1987, removing communication
barriers, from a technical perspective, is of secondary importance today as social
computing tools, including instant messengers, (group) chats, videoconferencing
tools, and shared workspaces and documents, contribute significantly. However, the
remaining aspects of facilitating group work (communication barriers from a social
perspective, techniques for structuring decisions, and guidance in discussions) are
still relevant and correspond to what facilitation means (Lim and Guo 2008; Nunam-
aker et al. 1991). An important factor for the success of a GSS is that it facilitates
the aspect of collaboration (e.g., coordination) that is relevant for completing the
task, respectively, the type of task (Zigurs and Buckland 1998). The management
and use of GSS are closely related to facilitation.

A GSS eases access to information and understanding of the group processes,
and it is important to recognize that the facilitator plays a key role in shaping and
guiding the group process and the design and use of the GSS. For facilitation to be
effective, facilitators must be able to monitor (a substantial part of) a group’s com-
munication and collaboration activities. Due to its complexity and variety, it used
to be an activity carried out by humans only. However, human expert facilitators
are scarce due to the need for technological proficiency and an understanding of
group dynamics (Nunamaker et al. 1996). To resolve this conflict, digital collabo-
ration environments, such as shared cloud storage or collaborative document edit-
ing, which are common in many contemporary work settings, offer the potential for
digital facilitation and its special form, automated facilitation (Limayem et al. 1993).
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Automated facilitation means "emulating a human facilitator in guiding groups"
(Limayem et al. 1993, p. 98) and has been investigated recently from multiple per-
spectives, such as necessary capabilities (Bittner et al. 2021; Gimpel et al. 2023;
Tavanapour and Bittner 2018) to prototypical development and evaluation (Gimpel
et al. 2020; Kim et al. 2020; Przybilla et al. 2019; Winkler et al. 2019; Winkler
and Roos 2019). Automated facilitation has the potential to alleviate the administra-
tive burdens placed on human facilitators, resulting in cost reduction and potential
improvements in group work efficiency and effectiveness at scale (Wong and Aiken
2003). While a human facilitator remains essential in certain situations, automated
facilitation becomes increasingly important in virtual group work, especially when
teams are geographically dispersed. In circumstances where deploying a human
facilitator might not be feasible or disproportionate, automation offers the ability to
facilitate at scale, addressing challenges traditional methods face in ensuring effec-
tive coordination across large and/or spread-out teams (Gu et al. 2021). The ration-
ale advocating for automated facilitation is comparable to the intentions behind
collaboration engineering, i.e., creating and implementing repeatable collaboration
processes for collaborative tasks, leveraging facilitation techniques and technology
(Kolfschoten et al. 2006).

Facilitation activities can typically be classified as content or process facilitation
(Bittner et al. 2021; Bostrom et al. 1993; Dennis and Wixom 2002; Khalifa et al.
2002). Process facilitation focuses on the processes and relationships within the
group, and a facilitator, in this sense, acts as a guide to manage, structure, and sim-
plify these processes and manage interpersonal tensions (Chan et al. 2016; Dennis
and Wixom 2002; Ito 2018). In the context of this research, this may be particularly
necessary when groups behave sub-optimally in their coordination, either because
they have developed unfavorable routines over time or because they have not yet
established routines for collaboration and lack a strategy. Overcoming sub-optimal
behavior requires adoption by the group members, and process facilitation is par-
ticularly important until the group has incorporated the new process (Dennis and
Wixom 2002). If, for example, a group coordinates too much in a high-production
task, they may lose valuable time. So, the group needs to become aware of which
group activities are appropriate and to which extent for which task. Gupta et al.
(2019) facilitated group work to foster CI through a chatbot, which sent static, pre-
defined messages to address specific team processes. In particular, they nudged
the group so that the most-skilled member contributed as much as possible to their
production-heavy tasks. A second example is Barlow and Dennis (2016a), who
designed a tool to reduce the coordination effort by the group to gain predictability
through the impact of individual intelligence as the task becomes more production-
heavy. In high-coordination tasks, several coordination issues may occur (Dennis
1996; Dennis et al. 2008; Thissen et al. 2007), all of which may inhibit the impact
of individual intelligence on virtual group work (Barlow and Dennis 2016a). For
coordination tasks, the challenge is to facilitate the coordination aspects, such as
strengthening the relationship between group performance and individual intelli-
gence (Barlow and Dennis 2016a).

Content facilitation involves actions that directly influence the content of the
group’s work (Chan et al. 2016; Clawson and Bostrom 1996), such as expressing
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one’s opinion, creating awareness for connections with others, and strategies, such
as fostering divergent thinking to avoid homogenous knowledge creation (Chan
et al. 2016; Clawson and Bostrom 1996). The facilitator is rather an expert partici-
pant. As our approach is to provide task-generic support, this dimension is not in the
scope of our automated facilitation. However, in combination, content and process
facilitation are supposed to have a multiplying effect (Eden and Radford 1990). Our
focus is to support groups applying favorable strategies when coordinating, depend-
ing on the type of task.

2.4 Hypotheses

In this research, we study the facilitation of group work so that performance
becomes predictable by an explanatory factor. In our study, we focus on group mem-
bers’ individual intelligence as an explanatory factor rather than on CI for two rea-
sons. First, CI is defined as "the general ability of the group to perform a wide vari-
ety of tasks" (Woolley et al. 2010, p. 687). The restricted domain of well-defined
high-coordination tasks is not varied enough to do justice to this broad definition.
Second, the automated facilitation partially shifts the groups’ core activities from
coordination toward production, with performance on production activities related
to individual intelligence (Barlow and Dennis 2016a). Hence, relating group per-
formance to individual intelligence is close to the theorized mechanism at work. As
individual intelligence is an individual trait with rather high consistency over time,
a relation of individual intelligence to group performance results in consistent and
predictable group performance across tasks.

We outlined in Sects. 1 and 2.2 why it is important to consider the task type (i.e.,
the interplay of task structure and core activities). In the following discussion, we
elaborate, for each of the four task types, whether an explanatory factor for consist-
ent group performance should exist regarding the task’s conceptualization as having
two dimensions, resulting in four different task types. First, research agrees that for
ill-defined high-coordination tasks, that is, (likely) complex contexts, no explana-
tory factor for consistent group performance exists (Barlow and Dennis 2016a; Graf-
Drasch et al. 2022).

Second, the case is unclear for ill-defined high-production tasks, and we cannot
make any reliable statements on such complicated contexts ex-ante. While the study
of Barlow and Dennis (2016a) suggested that a CI factor is present and related to
individual intelligence in high-production tasks, the meta-analysis by Graf-Drasch
et al. (2022) examined 21 studies (including Barlow and Dennis 2016a) and sug-
gested that groups do not exhibit CI for ill-defined tasks. The ill-defined tasks in the
21 studies differed in terms of their degree of coordination and production (refer to
“Appendix 17 for details). Consequently, the findings of Graf-Drasch et al. (2022)
have not allowed a clear statement regarding whether groups in general do not
exhibit a CI factor in ill-defined tasks (whether high-production or high-coordina-
tion) or only do not exhibit a CI factor in ill-defined high-coordination tasks and
do exhibit a CI factor ill-defined high-production tasks. Hence, we cannot derive
from the literature whether groups exhibit a CI factor for ill-defined high-production
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tasks. Notably, the studies in which groups did not exhibit a CI factor involved a
greater proportion of ill-defined high-production tasks than ill-defined high-coordi-
nation tasks. Thus, we hypothesize:

H1 For ill-defined high-production tasks, there is no substantial association
between individual intelligence and group performance. !

Third, once a high-production task is not ill-defined but well-defined (i.e., sim-
ple context), the prior research has agreed that groups exhibit a CI factor (Barlow
and Dennis 2016a; Graf-Drasch et al. 2022). According to Barlow and Dennis
(20164), this CI factor correlates with the individual intelligence of the group mem-
bers. Although the following hypothesis is not expected to expose new insights, it
strengthens the concept and the complete consideration of the four task types. As a
consequence, we hypothesize:

H2 For well-defined high-production tasks, there is a positive relationship
between individual intelligence and group performance.

Fourth, the case for well-defined high-coordination tasks is not clear. Following
the argumentation above, the meta-analysis by Graf-Drasch et al. (2022) suggested
that groups exhibit a CI factor for well-defined tasks. In this case, the work of Bar-
low and Dennis (2016a) was not contrary but allowed for limited conclusions. Their
probands worked on three tasks (two well-defined and one ill-defined task, one
low-coordination and two high-coordination tasks). Their treatment was an infor-
mation system that reduced coordination issues between group members, making
the respective task heavier in production. They achieved this by designing the tool
specifically for each of their tasks, which required preparation for every task and was
not generalizable to other tasks. Although their technical system focused on facilitat-
ing group work across multiple tasks, it was nonetheless task-specific. As a result,
much effort was required to prepare each task. Barlow and Dennis (2016a) demon-
strated that groups exhibit a CI factor through their treatment. The individual intelli-
gence of groups explained the factor. Leveraging the individual intelligence of group
members strengthened the impact that individual intelligence had on group perfor-
mance and, thus, enabled groups to perform more consistently across tasks (Barlow
and Dennis 2016a). While the structure of the task remained (two well-defined and
one ill-defined task), the performed core activities were altered through the treat-
ment. Core activities were significantly altered from coordination toward higher
production. In the control group, this was not the case. Based on their treatment, it
seems possible to address coordination within the group. As a consequence, a more
production-heavy setting allows groups to exhibit a CI factor, which is explained by
individual intelligence.

! The wording “no substantial association” was chosen with regard to our ability to empirically test
HI1 with experiment data. Achieving the statistical power to demonstrate the absence of any association
would require a prohibitively large sample size. Thus, we put forward a cautionary hypothesis only, sug-
gesting the absence of a substantial association. In the analysis of the experiment data, we tested for the
absence of a medium-effect size.
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With this study, we provide a generalizable approach that does not change the
core activities for the task but still helps a group to coordinate successfully Our
approach is different from the approach of Barlow and Dennis (2016a) in that it is
not task-specific but applicable to a task type and needs no time-intense preparation
for each task. Hence, the automated facilitation can be an easily adaptable solution
within a GSS or other digital collaboration environments, as it is not only designed
for a specific task but for different task types and, thus, suitable for numerous tasks.
The facilitation focuses on offering advice that takes account of the dynamic nature
of each group’s collaboration. Thus, a collaboration system using this type of auto-
mated facilitation is *generic’ rather than task-specific since this promises consistent
performance. As a consequence, we pose the following:

H3 For well-defined high-coordination tasks, the relationship between group
performance and individual intelligence is positive and stronger in groups that
use appropriate automated facilitation than in those that do not.

By addressing the effort of coordination, one can increase the positive impact of
individual intelligence on the (consistency of) group performance (Barlow and Den-
nis 2016a). This unique approach, then, looks at the challenge of effortlessly assist-
ing group work using technology. It does so from a new perspective by focusing on
how to increase individual intelligence’s positive impact on group performance by
facilitating coordination activities.

3 Experiment Design and Procedures

We ran an online experiment with 64 virtual groups, each composed of three mem-
bers. There were 31 treatment groups that received facilitation in the form of chat
messages (c.f. “Appendix 2”). At the same time, 33 control groups did not receive
facilitation, i.e., the advice was not active. Each group member performed an indi-
vidual intelligence test, and each group performed the same four group tasks. We
limit the research scope to virtual group work because communication and indi-
vidual work and interventions by the automated facilitator are substantially easier
to perform in a digital collaboration environment. These include collaborative text
editing in a word-processing software with cloud storage and add-on communica-
tion via text chat. While it is theoretically possible in a non-virtual environment, for
example, a group collaborating face-to-face with a voice assistant in a smart speaker,
such as Amazon’s Alexa in an Echo device, we consider such scenarios far-fetched.
Therefore, we concentrate on digital collaboration, where most communication and
individual work occur via digital media, particularly via text chat. Furthermore,
online experiments with virtual groups are established in CI research since CI tran-
scends media (Graf-Drasch et al. 2022). The University Ethics Committee approved
the research (GfeW 2021).
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3.1 Participants and Procedures

The online experiment’s participants were 192 U.S. citizens (58% female, average
age of 42 years) recruited via Amazon Mechanical Turk (MTurk), a crowd labor
marketplace. In deciding on MTurk, we were well aware of the challenges that
come along with it (Aguinis et al. 2021). Groups that work together over a long time
are likely to develop routines, and adapting to new routines is potentially difficult.
Consequently, we intended to investigate a baseline performance and put together
groups that had not collaborated before and, thus, presumably, were rather open to
the advice they were given. We assumed that, in principle, effects observable for a
newly composed group would also be transferable to established groups when they
experienced the benefits of automated facilitation. This should help the group to
overcome sub-optimal behavior. However, established routine behavior and lacking
novelty in the facilitation might weaken the effect. Here, further research on long-
term usage is required. To ensure high-quality data, we restricted participation to
workers who had already performed at least 1,000 other tasks on MTurk (MTurk
wording: Number of HITs Approved) with a success rate above 96% (MTurk word-
ing: HIT Approval Rate). Despite the considerable popularity of MTurk as a source
of experimental data, some have questioned the sample quality. Such concerns not-
withstanding, several researchers well-versed in testing sample quality have argued
for the good and often superior quality of MTurk samples compared to regular inter-
net panels and more traditional data collection methods (Buhrmester et al. 2016;
Hauser and Schwarz 2016).

Before the online experiment, participants were randomly assigned to groups of
three, and each group was selected randomly for either automated facilitation (treat-
ment) or not (control). Hence, we had rather egalitarian groups where politics and
power considerations did not play a major role, as participants did not know each
other. At the start of the experiment, each group member performed an intelligence
test. We used the 30-question WPT-Q version of the Wonderlic Personnel Test
(Wonderlic 1992). It is a short yet valid version that has been applied in several prior
studies (Hendy and Biderman 2019; Rakhmanov and Dane 2021; Tews et al. 2011).
At the end of the online experiment, participants reported their demographics. The
participants did not differ significantly between the treatment and the control group
regarding their members’ age, gender, and intelligence.

We used four group tasks from the McGrath (1984) circumplex to measure group
performance reflecting a task related to real-world collaboration. Specifically, we
chose the tasks to represent the abovementioned task types. In compliance with
task characteristics and structures, we used brainstorming as the ill-defined high-
production task, group typing as the well-defined high-production task, estimation
as the well-defined high-coordination task and moral reasoning as the ill-defined
high-coordination task (c.f. “Appendix 3”). Each task was timed as typical for group
performance experiments. The entire group task battery was completed in under 1 h.
While real-world tasks may stretch over a longer period, they can be broken down
into smaller pieces. For example, a product and its components are broken down
into epics, features, user stories, and tasks in software development. Real-world
tasks may be executed in parallel, as one might have to wait for input. The rationale
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of the online experiment was to break down tasks into a small but still realistic unit
that allowed measurement of performance in an adequate timeframe. The order of
tasks varied between groups to avoid order effects. Each participant received a par-
ticipation fee (6 USD) and a bonus based on group performance (0—1 USD for each
group task) to incentivize performance.

3.2 Design of the Automated Facilitation

The automated facilitation used in the online experiment was a chatbot that provides
advice to participants and is embedded in a shared online web application as the
digital work environment for the experiment. The shared online web application was
designed so that common, computer-based work activities required in the experi-
ment could be carried out. Figure 1 depicts an exemplary screenshot. The partici-
pants could see a description of their task, information on the timing of the task, a
chat, and a view of a shared document where they collaborated. The first two ele-
ments were only important for administering the online experiment and guiding the
participants. The latter two were used daily by thousands of employees. (Examples
in real-time online collaboration are Microsoft Office365 and Google Docs, and
Zoom and Slack in communication). The shared online web application ensured
that all group members worked on the same tasks simultaneously and could see the
inputs of their fellow group members in real-time (similar to the procedure used
by Barlow and Dennis 2016a, Gupta et al. 2019, or Engel et al. 2014). This aspect
aimed to remove the barriers to shared communication, even if this was due to many
comparable online services now of secondary importance. The participant could
freely choose their display name in the chat and remain anonymous. However, their
display name was shown with every message they sent.

The automated facilitation was performed by a chatbot advising the participants
to support them in making decisions and structuring their discussions. Stasser and
Titus (2003) conducted extensive work on hidden profile outlines in decision-mak-
ing situations. They found that once information was not fully symmetric within
a group, coordination and facilitation of information were important, as this can
severely impact the outcome. Hence, the automated facilitation focused on pro-
viding advice considering the dynamics of each group (cf. Sect. 3.2.1). Although
more factors (such as hierarchy, personality, or sympathy) might affect how indi-
viduals collaborate, this work primarily focused on facilitating group work by
guiding groups in using appropriate group activities for a task type. Thus, the
automated facilitator supported groups by giving scheduled advice on best-per-
forming strategies for each task type (i.e., not for the individual task). Gupta et al.
(2019) followed a similar strategy. Regardless of the type of task, they designed
two static messages sent to the participants to foster favorable collaboration strate-
gies. Their chat nudge led to the desired group strategy (the most-skilled mem-
bers of the group contributed most to the task’s completion). However, six were
well-defined high-production tasks where such a strategy (where no coordination
is needed) was appropriate. The remaining two tasks were ill-defined. Hence,
their proposed solution was not applied to well-defined high-coordination tasks.
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Fig. 1 Shared online web application displaying Group Task 2 (group typing task: well-defined high-
production)

Therefore, our chatbot aimed to facilitate group work, particularly in well-defined
high-coordination settings, by equipping a group’s members with the means to
coordinate more effectively, resulting in a higher share of production over coor-
dination activities and, hence, a more predictable performance. Its rationale was
comparable to what was intended in collaboration with engineering’s ThinkLets
(Kolfschoten et al. 2006). However, the variety of ThinkLets and corresponding
preconditions is too detailed when it comes to generic strategies for well-defined
high-coordination tasks. For comparison, we also considered the other three task
types and developed corresponding advice that was given to the participants. In
Sect. 2.4, we outline what we expected to observe.

3.2.1 Development of Supporting Advice

To integrate the advice into the working process of the virtual groups, the chatbot
sent each piece of advice as a message in the group chat. We used the Wizard-of-
0Oz (WoZ) technique for the chatbot to avoid expense and development efforts (Lan-
dauer 1987; Wilson and Rosenberg 1988). In the WoZ technique, a human helper,
the wizard, performs the functions as the program would execute them (Wilson and
Rosenberg 1988). When demonstrated to be successful, implementing the solution
corresponds to an automated facilitator (Limayem et al. 1993).

@ Springer



Digital Facilitation of Group Work to Gain Predictable... 127

All advice offered by the automated facilitator was based on best-performing
strategies. We developed these as follows. Prior research has experimented in labo-
ratories with CI in groups without facilitation (Gimpel and Graf-Drasch 2023). The
tasks in our online experiment were identical to tasks in this prior experiment but
without the chatbot moderating the tasks. Prior research has dissected the work pro-
cess and related the group activities of high-performing and low-performing groups.
The data analysis process involved two authors examining the lab records and
coding the data from the text data. Using authors as coders is a common research
practice (e.g., Porter et al. 2019; Shewach et al. 2019). Work processes and group
activities during task performance were categorized as production and coordination
processes, resulting in a sequence of group activities (Blaf} et al. 2023). This prior
work investigated the sequence of group activities (cf. Malone and Crowston 1990,
1994) in the respective experiment. Based on this data, it developed generic strate-
gies for group collaboration for ill-defined high-production and well-defined high-
coordination tasks (Blaf} et al. 2023). As this prior work only has focused on two
of the four task types, we analyzed sequences of group activities in low- and high-
performing groups the remaining task types (i.e., ill-defined high-coordination and
well-defined high-production tasks) and identified recurring patterns, too.

Building on this work and orienting at automated decision guidance (Limayem
and DeSanctis 1993), we formulate our advice per task type. For example, in an
ill-defined high-production task (e.g., brainstorming), coordination between group
members (e.g., group decision-making, cf. Malone and Crowston 1990, 1994) hin-
ders good performance. This is because much time is lost in decision-making, which
is irrelevant to solving the task. It is more purposeful when the group carries out
more production activities, with each member working on the solution. In that spe-
cific case, backward guidance (as defined by Limayem and DeSanctis (1993) is
appropriate to inform the group members that they are exposing unfavorable behav-
ior for being successful with the task. The identified patterns of collaboration were
associated with high or low performance (e.g., the occurrence of certain activities
that should be avoided or a minimum proportion of a certain activity). For the well-
defined high-coordination task type, the best-performing strategies were long phases
of task-related communication and intense production activities (Blal et al. 2023).
Less production- and task-related communication and making group decisions over
a longer period of time were the low-performing strategies. Consequently, we for-
mulated the advice as follows: "Take time to think about each upcoming question by
yourselves. Discuss it and then decide, but be sure you have your own thoughts first!"
If the group carried out less production during the group work, the advice was, "Eve-
rything alright? Try to primarily focus on the task, think by yourselves about respec-
tive solutions, and then agree quickly on a common solution.” Therefore, the advice
was tailored to guide the group process so that the group performed the right group
activities (or avoided inappropriate ones) to achieve consistent group performance.

The advice was set up as preventive guidance given at the beginning of the task
and intended to hint at the appropriate group activities for that type of task. Alter-
natively, the advice was formulated as backward guidance when the group deviated
from desired group activities, either as they performed activities that did not fit the
type of task (i.e., a trigger, such as too much time on decision-making is fired) or as
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they did not perform favorable activities extensively enough (i.e., production in a
high-production task). This process ought to reduce hidden profiles in high-coordi-
nation tasks. The group received forward guidance if no such trigger occurred, and
the group should continue as they were. Drawing on Snowden and Boone (2007),
we aimed to contribute in complicated contexts. The automated facilitator sensed
the group activities, analyzed the fit to the given task, and responded if necessary.
The following paragraph describes the design of the response in terms of language
style and interaction mode.

3.2.2 Formulation of Supporting Advice

Advice on how to perform group tasks is at the core of automated facilitation (c.f.
“Appendix 2’). A welcome message appeared in the group chat at the beginning of the
first group task. This message comprised initial information on the chatbot’s purpose.

For each task type (i.e., well-defined high-production, ill-defined high-produc-
tion, well-defined high-coordination, ill-defined high-coordination), we formulated
advice based on identified recurring patterns of best-performing and avoiding strat-
egies described in Sect. 3.2.1. The appearance of subsequent advice depended on
each group’s working process, which was bound to conditions and timings. We
tracked each group’s task performance activities and compared them to the "best
practice" durations of activities set by well-performing groups in a prior experiment.
“Appendix 2” lists the thresholds that triggered the automated facilitator to give
advice. “Appendix 4 describes the monitoring and the resulting triggers.

We formulated each piece of advice following established standards of human-
chatbot interaction (Chaves and Gerosa 2019; Diederich et al. 2020). These stand-
ards suggest adding social characteristics to chatbot messages, like a name or includ-
ing emojis and motivational phrases like "Good luck" or "Go for it" to make the
chatbot more accepted by users. In addition, we integrated questions into chatbot
messages because advice in the form of questions elicits favorable reasoning and
elaboration behavior (Ito et al. 2022).

These automated facilitation messages were specific to the task type but not to
the individual task, making them substantially more generic than the approach of
Barlow and Dennis (2016a). We do not claim that these automated facilitation mes-
sages are optimal. Instead, we developed them to be effective, and if they were, they
were sufficient to answer our research question.

4 Analysis and Results

To test hypotheses H1 to H3, we ran separate ordinary least squares regression mod-
els. We normalized the performance scores across tasks as the dependent variable
and used each group’s average intelligence as an independent variable. The activa-
tion of the chatbot served as a moderator, coded as a binary variable (0 for the con-
trol group, 1 for the treatment group having the automated facilitator). We used a
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0.10 significance level deemed appropriate given the sample size of 31 treatment
and 33 control groups. Table 2 summarizes the results.

Regarding ill-defined high-production tasks, our regression results (Model 1 in
Table 2) indicate no significant relationship between average individual intelligence
and group performance, whether the control or treatment groups used the automated
facilitator. A post hoc power analysis suggests that, given our sample size and sig-
nificance level, our analysis has a power of 0.92 to detect a medium effect (f* 0.15
or larger). The beta error probability is 0.08—smaller than our chosen significance
level. Hence, given the power of our analysis compared to the significance level,
the absence of finding a significant effect of individual intelligence on group task
performance can be interpreted as evidence of the absence of a medium or strong
effect. H1 hypothesized no "substantial association" exists between individual intel-
ligence and group task performance. Hence, the results support H1.

Regarding well-defined high-production tasks (Model 2 in Table 2), our results
indicate a significant relationship between average individual intelligence and group
performance, whether in the control or treatment groups. The data supports H2.

Moving on to well-defined high-coordination tasks (Model 3 in Table 2), aver-
age individual intelligence does not significantly impact the control groups’ perfor-
mance. But—as shown by the interaction term—average individual intelligence has
a notable positive impact on the performance of the treatment groups. The data sup-
ports H3.

For completeness, we also tested the ill-defined high-coordination task type,
where we could uniformly conclude from the literature that no significant relation-
ship exists between average individual intelligence and group performance. Our
results support this, as no significant relationship occurred between average indi-
vidual intelligence and group performance in the ill-defined high-coordination task
(Model 0 in Table 2).

5 Discussion

Existing research has analyzed individual intelligence and CI as factors related
to consistent performance across tasks (Barlow and Dennis 2016a; Graf-Drasch
et al. 2022; Woolley et al. 2010) and has demonstrated that this depends on the
task type (Barlow and Dennis 2016a, b; Fuller and Dennis 2009; Graf-Drasch
et al. 2022). The task type comprises the task’s fundamental structure (i.e., ill-
defined or well-defined) and the core activities required to solve the task (i.e.,
coordination activity or production). Groups do not exhibit a CI factor for ill-
defined tasks, regardless of whether a task is high-production or high-coordina-
tion (Graf-Drasch et al. 2022). For well-defined high-production tasks, groups
exhibit a CI factor related to the group members’ average individual intelligence.

2 Identifying a small effect (f2) would require a sample size of at least 430 three-person groups (1,290
individuals). We were not able to run the experiment with such a large sample, especially due to time
requirements for the Wizard-of-Oz technique.
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Table2 Results of regression models for task performance as dependent variable (parameter estimates,
p-values, and significance levels; n =64 for all models)

(0) (1 2 (3)

Ill-defined high- Ill-defined high- Well-defined Well-defined high-
coordination production high-production  coordination
Related hypothesis None H1 H2 H3
Intercept 22.05 (0.001 **) 22.88 745.90 (0.002%*)  10.45 (<0.001%***)
(<0.001***)
Average Intelligence —-1.22(0.129)  0.81(0.258) 58.98 (0.045%) 0.01 (0.973)
Treatment 0.31 (0.979) —9.65(0.367) —104.98 (0.807) —8.04 (0.030%)
Average —0.26 (0.848)  0.33(0.792) —11.90 (0.812)  0.73 (0.090+)
Intelligence*Treatment
R? 0.08 0.12 0.11 0.12
Adjusted R? 0.03 0.07 0.07 0.08

*p<0.1; %p <0.05; #p <0.01

We focused on facilitating group work on well-defined high-coordination tasks
so that group members’ individual intelligence became an explanatory factor for
group performance. For comparison, we also considered the other task types.
Well-defined high-coordination tasks are relevant as they comprise many impor-
tant tasks, for example, forecasting projected profits for a company or estimating
the expected increase in global warming (Stern et al. 2017). Having an explana-
tory factor somewhat predictive of group performance is important because it
allows the assembly of consistently performing groups, an essential organiza-
tional activity that decreases the risk of poor performance.

Prior research has suggested that distinguishing tasks as well-defined or ill-
defined matters to better understand group performance and its predictability
(Graf-Drasch et al. 2022). Based on coordination theory, our first finding points
out that the core activities required for a task—production or coordination—are
complementary, relevant boundary conditions for the predictability of group task
performance from intelligence. We find empirical support for this result. While
we observe a significant influence of individual intelligence on group perfor-
mance for well-defined high-production tasks, no such factor exhibits for well-
defined high-coordination tasks. This result can be reconciled with previous
research if most prior studies used a set of mostly well-defined high-production
tasks when groups exhibited CI (c.f. “Appendix 17). This raises the question
of whether CI also occurs in a set of well-defined high-coordination tasks. Our
results indicate this is probably not the case when their group work is not facil-
itated. Hence, task structure and core activities are relevant in the relationship
between intelligence and group performance.

Second, well-defined high-coordination tasks can be facilitated so that a group
is able to draw from its intelligence, allowing for the prediction of its perfor-
mance. When groups are automatically facilitated (with a chatbot) for well-
defined high-coordination tasks, there is a significant difference in how the
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average intelligence of group members relates to group performance. Groups
without access to the chatbot do not exhibit such a relationship. Accordingly,
when groups use the right tool to facilitate coordination, their intelligence affects
performance outcomes and makes it possible to anticipate those outcomes. Bar-
low and Dennis (2016a) also addressed coordination issues by pre-structuring
high-coordination tasks like production-focused tasks. The fundamental structure
of the task was changed. Instead, we addressed the coordination effort during the
task performance by offering advice to facilitate the group’s working process.
These pieces of advice were based on the best-performing strategies, formulated
in general terms as they were specific to the task type but not to the individual
task, making them more general than the approach of Barlow and Dennis (2016a)
and better suited, particularly, to well-defined high-coordination tasks than the
static advice given by Gupta et al. (2019).

5.1 Contributions and Implications for Research

First, our findings elaborate boundary conditions for the link between a group’s per-
formance and the individual intelligence of its members, which Table 3 highlights.
Distinguishing a task beyond its structure (i.e., well- or ill-defined) allows for a bet-
ter understanding of in which conditions groups exhibit CI. Our results foster the
idea that four task types (well-defined high-production, well-defined high-coordina-
tion, ill-defined high-production, and ill-defined high-coordination) should be dis-
tinguished. Future studies should either point out when treatments and analyses are
geared toward selected task types or ensure a balance between all four task types.

Second, the intelligence of individual group members determines performance in
well-defined tasks. In production settings (as core activity), this is inherently given.
In more complex high-coordination tasks, this is given when an appropriate corre-
sponding facilitation is available. Hence, the second contribution of this study is that
facilitating group work in a way that performance in well-defined high-coordination
tasks relates to individual intelligence is possible in a dynamic manner that is not
task-specific. This suggests that the facilitation of consistent group performance is
possible across well-defined tasks (through automated facilitation independent of
the core activities) and goes beyond simple tasks but also applies to complicated
tasks. This contribution strengthens the theoretical conclusion of Barlow and Dennis
(2016a) that when groups use the right technical solutions to coordinate their per-
formance, their members’ individual intelligence matters. While Barlow and Dennis
(2016a) have used tools to reduce coordination and increase production efforts, we
aimed to reduce coordination implicitly by guiding the group work.

Table 3 Relationship between a group’s performance and its members’ individual intelligence when
being automatically facilitated (relationship for unfacilitated collaboration in parentheses)

Task type I1l-defined Well-defined
High-production No (no) Yes (yes)
High-coordination No (no) Yes (no)

Bold font refers to difference between facilitated and unfacilitated state
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The process facilitation of a group for group activities alleviates a boundary con-
dition for the effect of intelligence on group performance. Future research could
refine the chatbot-based advice, incorporating the work on ThinkLets (Kolfschoten
et al. 2006) and hidden profiles (Stasser and Titus 2003). In addition, we recommend
further investigating ways to facilitate collaboration (how the group works together)
in complex scenarios, as they require a high degree of coordination while dealing
with multiple cognitive processes (Helquist et al. 2011).

The third contribution of this study concerns the design of automated facilitators. We
provide such a facilitator for coordination issues in groups via chat-based communication.
We offer an exemplary design in the form of messages related to specific triggers to facili-
tate coordination within the group, which leads to a positive relationship between indi-
vidual intelligence and group performance in well-defined high-coordination tasks. The
design includes the chatbot and, at its core, strategic advice to the group regarding their
collaboration mode. Our automated facilitator in the context of a digital collaboration
environment differs from existing GSS in that it is not task-specific, requiring prepara-
tion effort (Barlow and Dennis 2016a), but is applicable to a task type. It is not static and
geared toward well-defined high-production tasks (Gupta et al. 2019) but is dynamic and
suited for well-defined high-coordination settings reacting to the current group collabora-
tion. Looking into the future in a next step, the WoZ technique could be implemented
in combination with a state-of-the-art large language model that is able to sense group
activities and generate messages that take into account the previous conversation while
delivering the main message this research proposes, given the group activities. As a result,
the automated facilitator could understand the group’s activities (production and different
coordination activities), based on the group’s chat messages, with no need for a human
facilitator. Looking further into the future, the chatbot could be an avatar joining a group’s
video call and giving the same advice.

5.2 Implications for Practice

This study focused on facilitating the coordination of group work by employing a chatbot
to leverage the individual intelligence of group members and promote consistent group
performance. Our findings reveal two practical implications. First, the individual intel-
ligence of group members can have a greater impact on well-defined high-coordination
tasks (e.g., decision-making) when appropriate facilitation is available. Given that func-
tionality, such as our chatbot, is developed into a product, the setting could be replicated in
practice (with adjusting timing and potentially framing of the triggers).

Substantial developments of individual assistance systems and group support are pos-
sible. Recent progress in the realm of natural language processing—especially based on
large language models—allows for an ever more powerful integration of assistance sys-
tems in digital work environments (e.g., GitHub Copilot (Moradi Dakhel et al. 2023),
Grammarly (Yuan et al. 2022). While individual assistance is easier to implement in
information technology systems than group assistance, technical advances based on
large language models are also likely to enter digital communication and collaboration
environments, such as Microsoft Teams (Daderko 2023; Stallbaumer 2023). We envi-
sion that a "copilot" supporting communication and collaboration could support indi-
vidual group members by note-taking and summarizing (Daderko 2023) and could also
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act as an automated facilitator. When groups collaborate via chat or in a phone or video
call (for example, for a meeting or a specific topic), they could choose the type of task,
or the type of task becomes evident from the context or content of the meeting. An auto-
mated facilitator could listen for triggers and support the group by offering advice based
on best-performing strategies.

Obviously, our research did not explore the full richness of this scenario. We
have not implemented comprehensive automated facilitation. Nevertheless, despite
only being examples, as outlined in “Appendix 37, the tasks in our research were
chosen to apply to a wide range of real-world tasks. Well-defined high-coordination
tasks that were the focus of this study are relevant in many tasks, such as planning,
resource management, resource allocation, and project management. Groups with
more intelligent members are likely to perform various well-defined high-coordi-
nation tasks better than groups with less intelligent members. Hence, our research
implies that it is worth exploring the implementation of automated facilitation of
group work in digital work environments. However, it should not be neglected that
collaboration, in reality, is probably a multi-faceted concept where social and politi-
cal aspects play a role, groups might have a history of collaboration and established
routines, and tasks are typically longer than in our experiment.

Second, when the relationship between group performance and individual intelli-
gence is enhanced, group performance across tasks can become more consistent (Bar-
low and Dennis 2016a; Bates and Gupta 2017). Consistent performance has a significant
impact on organizational group functioning. A group that performs well in tasks and
can be depended on to do so in the future reduces risks. The manager can rest assured
that the group is reliable in critical situations since they perform consistently well across
tasks. There should be widespread interest in the effective organization of group work to
enhance consistent performance. Managers seeking to build a reliable and consistently
performing group for group work in an organization should apply automated facilitation
that supports consistency once such functionality is available.

5.3 Limitations and Outlook

This study has limitations. One limitation may be that the online experiment was
not conducted in highly controlled laboratory conditions or in the field. Instead, it
was an online experiment during which participants may have been distracted and
had no history of collaborating in the same group, which means they did not have
established routines but also were able to act on par as there were, for example, no
hierarchical differences. We included guidelines in our online experiment instruc-
tions to minimize distractions, such as "Set the full-screen mode for your browser"
and "Do not start or quit any other programs." This allowed us to replicate the usual
conditions of virtual group work, during which there could be distractions (Galluch
et al. 2015; Rissler 2017). Online experiments have been established in CI research
and conducted in multiple previous studies (Gupta et al. 2019).

A related aspect is that our research focused on text-only collaboration, as our
main contribution was a chatbot aiming to facilitate the groups’ working process
(particularly for well-defined high-coordination tasks). It could be applied to a wider
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scope whenever a group works together via chat—as is quite common in the work-
day of a knowledge worker using communication tools. Whether a group could meet
in the office was not important to our research as long as they could collaborate
online. In larger companies, employees chat when they are in the office.

We chose an appropriate research design that matched our scope and focus, as
described in Sect. 3.1, and followed previous research in this area. Nonetheless, we
believe that further studies with long-term data may provide nuanced, valuable contri-
butions that offset the following three limitations of our study. First, our study looked at
groups working together for the first time and only once. Groups collaborating over a
more extended period and solving similar tasks together may develop "implicit coordina-
tion skills" and task familiarity (Rico et al. 2008). In times of increasing agility in organ-
izations, new groups often form. Individuals must adapt to working together on group
projects. Future research should examine groups with a track record of collaborating on
new and familiar tasks. Second, the online experiment’s short duration, with four tasks
in 1 h, limits the ability to assess longitudinal effects. Factors that impact group perfor-
mance beyond the mere execution might be manifold. Group dynamics may evolve over
time, influenced by various factors, such as trust-building and the development of shared
norms and routines. Socio-political considerations, such as power, political dynamics, and
personalities, can significantly affect collaboration and, hence, group performance. Power
imbalances or conflicting personalities might hinder effective group work, as individuals
might not contribute as they would in a neutral setting, eventually leading to sub-optimal
performance. Hence, future research could aim to examine socio-political factors and
their effects to further understand the predictability of performance. Third, it is essential
to consider the temporal dynamics of adopting automated facilitation and acknowledge
that the possible novelty-driven benefits (i.e., the emergence of an explanatory factor for
group performance in well-defined high-coordination tasks, fostering the predictability
of group performance) may diminish over time. Future research is necessary to examine
the long-term effects of automated facilitation to determine whether the benefits experi-
enced can be sustained through repeated and explicit encouragement to respond to the
automated facilitator.

6 Conclusion

Our findings provide extended boundary conditions for the link between a group’s per-
formance and the individual intelligence of its members. We observed this link in well-
defined high-production tasks and—when using a technical solution—well-defined
high-coordination tasks, but not in ill-defined tasks. We provide an exemplary technical
solution in the form of a chatbot dedicated to providing targeted, case-specific advice. The
technical solution facilitates coordination issues in group work to establish the relation-
ship between individual intelligence and group performance and achieve higher consist-
ency, given individual intelligence as an explanatory factor.

Appendix 1

See Table 4.
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Appendix 3: A Detailed Description of the Four Group Tasks Used
Within the Online Experiment

Brainstorming—ill-defined high-production task (applied by, e.g., (Engel et al.
2014; Woolley et al. 2010): the group had 6 min to brainstorm and write down as
many words as possible, each spelled with the first letter "L" and the penultimate let-
ter "E." Every non-redundant correct word earned them one point. The task was not
structured, so every member was told to write down eligible words as they occurred
to them. Accordingly, there are many possible solutions (i.e., ill-defined). The task
is additive since the number of correct words contributed by group members can be
added up (i.e., high-production) once duplicates have been removed.

Brainstorming is a common and widely used technique in the working world to
generate creative ideas and solutions. It allows individuals or teams to explore vari-
ous possibilities, think outside the box, and come up with innovative solutions to
complex problems. In the real working world, brainstorming is often employed dur-
ing strategic planning, product development, problem-solving sessions, and team
collaboration, where diverse perspectives and creative thinking are valued.

Group typing—well-defined high-production task (applied by, e.g., (Engel et al.
2014; Woolley et al. 2010): Participants had 7 min to transcribe a text by typing
it into a shared document. The text was a scientific article split into multiple text
blocks. One of these text blocks was always on display for the task’s duration. Points
were awarded according to the number of correctly reproduced characters. A score
of 0-10,758 could be achieved per group. This task had a clear process structure:
typing a text. The result is just as clear: the text to be typed (i.e., well-defined). The
task is additive since the number of correct characters produced by individual group
members can be added together (i.e., high-production).

While copying text may seem like a mundane task, it is important in the real
working world (with some abstraction), especially for data entry, transcribing
information, transferring content from one source to another, or programming.
Specifically, many administrative and clerical tasks require accurate and efficient
typing skills for tasks such as document preparation, report writing, data entry,
and correspondence. Accurate and fast typing is critical to maintaining produc-
tivity and ensuring effective communication in a variety of professional settings.
In somewhat more general terms, it also refers to the coordination of clearly
defined tasks. Examples include writing program code for clearly defined inter-
faces, writing reports, or processing applications (e.g., credit checks or insur-
ance claims).

Estimation—well-defined high-coordination task (applied by, e.g., (Engel
et al. 2015; Woolley et al. 2010): Participants had 10 min to answer eight numer-
ical estimation questions, each with four optional answers. Every correct answer
earned three points, while the two answers closest to the correct response were
each awarded one point. The answer furthest from the correct reply on the ordi-
nal scale of four options did not earn any points. A score in the range of 0-24
could be achieved. Due to the provision of optional answers, the task outcome
is clear: a selected answer possibility. The correct answer can be reached by
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successive guessing (i.e., well-defined). Since it is an estimation task for which
group members had to discuss their opinions, their results cannot be added
together (i.e., high-coordination).

Estimation is a valuable skill in the working world, as it allows individu-
als to make informed judgments and approximate quantities, costs, timelines,
or resource requirements. Professionals frequently encounter situations where
they need to estimate project budgets, timelines, resource allocations, or mar-
ket demand. Accurate estimation supports effective planning, decision-making,
and resource management, enabling organizations to set realistic goals, allocate
resources efficiently, and meet project deadlines.

Moral reasoning—ill-defined high-coordination task (applied by, e.g., Bron-
ikowska et al. 2019; Lind 2000): The Moral Reasoning Competence Test (Lind
and Hartmann 1985) describes two moral dilemmas in which various arguments
for or against behavioral responses must be evaluated. Participants had 20 min to
solve the task. The score was assigned in conformity with the "C-value," accord-
ing to (Lind and Hartmann 1985). The C-value is calculated as the portion of the
variance in the participants’ ratings attributed to the participants’ concern about
the moral quality of the arguments rather than, for instance, their agreement on
opinions or other factors and combinations thereof (Lind 2000). A score in the
range of 0-100 is achievable per group. Evaluating the various arguments does
not follow a specific pattern; instead, the procedure for solving the task is arbi-
trary (i.e., ill-defined). More people cannot provide more answers, but consider-
able coordination is required to reach a joint decision (i.e., high-coordination).

Moral reasoning is relevant in the real working world, particularly in (ethi-
cal) decision-making and navigating complex (ethical) dilemmas. Profession-
als encounter situations where they need to make choices that align with ethical
standards, uphold integrity, and consider the potential impact on stakeholders.
Ethical reasoning helps individuals analyze implications, evaluate alternatives,
and make principled decisions, which are vital in fields such as healthcare, law,
business, and research, where ethical considerations are paramount.

Since the scores of the four tasks have very different ranges, task scores are
normalized to a scale of 0—1 to ensure comparability.

Appendix 4: A Detailed Description of the Monitoring
and the Resulting Triggers Belonging to the Automated Facilitator

Like Gupta et al. (2019), we found that the monitoring intervals of the automated
facilitator to intervene must not be too close or too wide apart. While examining
the results from previous studies (BlaB et al. 2023; Gimpel and Graf-Drasch 2023)
to extract the strategies as described in Sect. 3.2.1, we found that 3—4 min are suit-
able for the automated facilitator to monitor the thresholds. On the one hand, the
groups are not overloaded with advice. On the other hand, they get enough guid-
ance to affect their collaboration process. With shorter monitoring intervals, activity
phases are not separated, and if the intervals are too large, the advice may come too
late and has no effect. Based on the monitoring, the automated facilitator sends a
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piece of advice if a group has strayed off the right path for too long. For example, if
a group decision-making activity occurs in the ill-defined high-production task, the
corresponding advice appears. If no advice was triggered, a midpoint message was
sent instead. In such cases, the group activities were close to a best-performing strat-
egy, so concrete advice was not required. The group was then motivated to continue
using its successful strategy, albeit after a short pause for reflection.
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