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Group work involves a myriad of complex processes encompassing social, perceptual, cognitive, and contextual
factors. However, there is a lack of empirical research on computer-supported group work processes and their
impact on outcomes at different stages of group work, especially when creativity and quality of outcomes
are significant. Group work processes can interfere and hinder productivity, which we refer to as the “group
folding effect.” We designed a three-stage process structuring to enhance group work productivity. In a field
study, we examined how process structuring shapes productivity in two sub-studies: design and peer feedback,
each with 40 participants (N = 40). The results revealed that process structuring significantly improved both
the quantity and quality of productivity. Additionally, process structuring appeared to reduce inhibitory effects
of group work, such as negative priming, fixation on familiar ideas, and social comparison. We discuss the
implications of this research in supporting productive group work processes in collaborative tools and insights
into a pattern of the group folding effect.
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1 INTRODUCTION

Many people around the globe are working in small groups on shared activities, for personal and
professional life, and in various societal sectors, ranging from schools [e.g., 69] to research commu-
nities [e.g., 52, 94] to corporate departments [e.g., 38, 59], and in a variety of areas, such as learning
[2], writing [97], creativity [56, 87], problem-solving [37], to name a few. Their collaborations and
interactions rely on productive idea exchange [5, 44, 75], which involves complex social, perceptual,
and cognitive processes [27, 35, 63, 64].

While human intuition might suggest that creative group work, such as brainstorming and design
problem-solving, should be effective, research has shown that group members suffer productivity
loss due to various inhibitory factors, such as social loafing [42], social matching [24, 56], evaluation
apprehension [27, 63], production blocking [65], negative priming [89], and fixation [73], among
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others (see related work). Careful considerations of contextual, social, perceptual, and cognitive
processes’ interference in group work can catalyze productivity. However, little empirical research
has been devoted to examining how they might do so. Existing approaches rely on limiting direct
and immediate interactions among group members to reduce inhibitory effects of the group,
such as writing ideas rather than exchanging them verbally [45, 72], and sharing ideas through a
computer asynchronously and anonymously [22]. Other approaches rely on problem reduction
techniques, such as task-decomposition [21] to direct group members to explore subcategories of the
problem [47]. A primary limitation of decomposition is that it is task-dependent and requires expert
knowledge about the group and the situation at hand. Other strategies rely on hybrid alternation of
individual and group work, either individual-to-group or group-to-individual. Two studies found
that individual-to-group is beneficial [6, 34]. A follow-up study found that group-to-individual is
rather beneficial [45]. Existing studies in this area are limited in number and consensus, suggesting
that more work is needed.

We build on previous research and examine the role of process structuring in group work. We seek
to provide a better understanding of the socio-cognitive processes of humans’ shared and mediated
interactions as well as design recommendations for technological mediation and intervention. We
differ from previous work in four main ways. First, we articulate three sub-processes for creative
group work in design problem-solving: idea generation (problem space), idea association and
evaluation (evaluation space), and idea mapping (solution space). Second, structuring the process
rather than the task [e.g., 21] removes the need for expert knowledge underlying decomposition and
removes any task-decomposition bias (cf. expert-novice paradigm [60]). Third, previous studies have
focused on idea generation [6, 21, 34, 45, 72]. Instead, we examine a comprehensive problem-solving
process. In real-world situations, group members usually need to generate ideas, discuss, associate,
and evaluate their ideas, and map out a representation that communicates the collective outcome.
And finally, existing studies involved either group members discussing ideas verbally (face-to-face)
[6, 34], writing ideas on slips of papers individually and passing them to each other [45, 72], or
sharing ideas remotely through a computer [21-23, 74]. Instead, we leverage the possibilities of face-
to-face and a shared online whiteboard [41, 92]. Face-to-face can offer group members affordances
of spontaneity, sense of humor, and synergy. A shared whiteboard can offer group members
affordances of immediacy and simultaneity to offload ideas at will, reducing production blocking.
Additionally, it creates a shared repository of ideas accessible for individuals with cognitive ease,
thus reducing the cognitive demand of maintaining an internal representation of ongoing group
work [78].

Although it might seem evident that the three sub-processes mentioned above are essential for
collaborative work, combining them effectively is challenging because of inhibitory interference of
contextual, social, perceptual, and cognitive group processes (we refer to this as the group folding
effect). We hypothesize that making a process salient during another process can affect group work
productivity.

We conducted a field study with 40 participants (N = 40) and examined how processes struc-
turing shaped group work productivity, comparing two conditions (process structuring versus
structure-free) across two design-related sub-studies. In sub-study #1, we engaged participants in
an intellective and generative activity of a conception of a design. In sub-study #2, we engaged
participants in an evaluative and goal-directed activity (in addition to being intellective and gen-
erative) of peer feedback on design solutions (results of study #1). The results showed a main
effect of process structuring on group work compared to a structure-free condition. We found
that dyad teams were as productive as triad teams. We found that process structuring produced
similar emotional experience and cognitive load compared to a structure-free condition. The results
show that process structuring yields greater productivity in design and peer feedback sub-studies
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in terms of fluency (effect sizegesign 1 = .702), originality (effect sizegesign 1" aged — 744, effect
size feedback = -573), and flexibility of ideas (effect sizegesign I = .599, effect size feedpack T = .643). Flu-

averaged _
ency of feedback was smaller (rfeedback =

language i.e., motivational and emotional (effect size d = 2.304), level of feedback, i.e., formative
and summative (effect size d = .744). We found that a goal-directed activity (e.g., producing a target
number of ideas) performed in a shorter timeframe can hinder group work productivity in terms of
quantity (e.g., fluency) but not quality (e.g., originality, flexibility, as well as socio-affect and focus
in feedback). The results show that process structuring attenuates inhibitory effects of group work,
namely negative priming, fixation on familiar ideas, and social comparison. In light of our results
and previous research, we discuss implications of our research to support group work productive
processes and insights into a pattern of the group folding effect.
The main contributions of this work are:

.177). The process structuring yields greater socio-affect

e A review of social, perceptual, cognitive, contextual, and technological factors influencing
small group work processes in problem-solving, creative work, and concept generation.

e A process of individual idea generation, collaborative idea association and evaluation, and
collaborative idea mapping to support and catalyze group work productivity.

o A field study of the effects of process structuring on group work productivity shows that
structure can be beneficial and offset the inhibitory effects of group work.

e Design recommendations to support small group work productivity through process struc-
turing.

2 BACKGROUND AND RELATED WORK

A group of two or more members working together on a shared activity constitutes a fabric
embedded in a context of social, perceptual, and cognitive interactions. There has been a concerted
effort to examine factors that enhance or inhibit collaborative work productivity. We review relevant
research in this area and focus on how processes structuring might shape collaborative work.

2.1 Productivity and Productivity Loss In Collaborative Work

Productivity of labor and intellectual work can be seen as “ratios of value created to effort expended”
and are often related to producing unanticipated or exceptionally higher outcomes [19, p. 15].
Research into collaborative processes and outcomes underlines formidable challenges. Productivity
loss is a common threat to group work [23, 74]. The outcome of group members working together
might not be effective compared to the sum of the individuals [63]. Repeated studies have reported
several reasons and conditions (see following sections) of productivity loss in group work [22].
Research in this area covers at least three overlapping strands. One strand takes a situational
approach, focusing on contextual factors of group dynamics as a whole, such as team diversity [93],
level of structure [e.g., 41], group size [38], collaboration duration [59], and medium of collaboration
[22]. Another strand takes an individual perspective, focusing on group members’ social, perceptual,
and cognitive factors [16, 27], individuals’ need for structure [77], intuitive or systematic work
strategies [e.g., 43, 82], and training [6]. And finally, a third strand takes a socio-technological
approach, focusing on collaborative computational infrastructures and tools [e.g., 30, 52, 86].
Productivity measures are commonly adopted to quantify group work outcomes. Early research,
building upon Osborn’s (1953) famous technique of group-brainstorming as a tool of problem-
solving, creativity, and concept generation, has largely quantified group work productivity as the
number of ideas generated by groups —also known as “group fluency” [68, p. 298], e.g., [23, 45].
Follow-up research has shown that focusing only on the number of ideas generated by groups is too
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narrow [76]. Other productivity factors are essential, such as the quality, feasibility, and implemen-
tation of ideas. A contemporary approach to quantifying group work productivity is the number of
units produced times the values of their units [19]. Unit values are proxied through their contextual
properties, such as greater accuracy, speed [90], emotional experience [30], germane/cognitive load
[17], originality [e.g., 45], among others. Comprehensive approaches that combine various ways to
proxy work productivity are desirable.

Primary measures of group productivity are fluency, originality, and flexibility. Fluency is the
degree of ease in processing an input (e.g., reading a problem) or producing an output (e.g., gener-
ating ideas or solutions) [90]. In group work, fluency is widely quantified as the number of ideas
generated for a given situation. Originality captures the pertinence, novelty and rarity of ideas.
Flexibility captures the conceptual categories and shifts in thinking underlying ideas, and indicates
various heuristics and strategies adopted when approaching a problem or a challenge. Together,
fluency, originality, and flexibility provide qualitative and quantitative insight into productivity.
Research has shown a strong positive correlation between the quantity (e.g., fluency) and quality
(e.g., originality) of ideas generated for a given situation [e.g., 45].

One main finding of this review reveals that much research focuses on group productivity in one
process, namely idea generation. Our approach is unique because we scaffold the group work process
through three main processes: (1) idea generation, (2) ideas association and evaluation, and (3)
ideas mapping, which cover the main stages of problem-solving!. We quantify the effect of process
structuring on group work in two different design-related sub-studies: design and peer feedback.
We combine both qualitative and quantitative approaches and quantify three cross-measures:
fluency, originality, and flexibility for both sub-studies. Additionally, we quantify activity-dependent
measures for the peer feedback activity. We do so to assess the effectiveness and generalizability of
process structuring on group work productivity.

2.2 Socio-motivational and Socio-emotional Factors of Collaborative Work

Collaborative work has a pronounced social component. We naturally tend to desire a positive
evaluation from others. As a result, the presence of others (e.g., collaborators) amplifies our mental
attention to perceptions of self in others’ eyes, i.e., evaluation apprehension [63]. Individuals with
a higher evaluation apprehension feel anxious and unsafe about sharing their ideas because of
potential negative evaluation, judgment, or embarrassment, resulting in productivity loss. In some
cases, evaluation apprehension can positively affect individuals, e.g., encouraging self-awareness,
self-reflection, self-regulation; however, it is detrimental to group work productivity [27].

Human tend to naturally engage in social comparison [24]. Comparison with one another
can thus be unavoidable. Upward comparison with higher-performing members can improve
members’ effort [56]. In contrast, and somewhat counterintuitive, downward comparison with
lower-performance group members tends to be detrimental. Higher-performing group members
tend to lower their effort to match lower-performing members’ productivity (i.e., social matching),
resulting in productivity loss. Conflicting results with social matching were observed among
students studying online in semi-formal groups. Highly motivated students had higher levels of
germane load, as they compensated for the lack of effort of less intrinsically motivated students
[17].

Individuals tend to take advantage of a given situation to conserve mental and physical effort
[1], which could be explained by resources-rational bias [8], detrimental to group work. Individuals
working together might not internalize (intrinsic motivation) the benefit of their contributions to

n the following sections, we elaborate on interferences between these three processes and how separating them can be
beneficial.

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.



The Role of Collaborative Process Structuring and Social Interaction in Group Work 1:5

the group. Group work members tend to minimize their effort and relatively lean to free ride (social
loafing) on the collective effort of others, resulting in productivity loss [23, 42]. Social dilemmas
can manifest among group members working together, resulting in members’ unwillingness to
collaborate, e.g., unwillingness to share information and knowledge, resulting in productivity loss
[59]. Group emotional awareness, namely members’ ability to perceive, identify and understand
emotions, can moderate group interactions and productivity. In a field study of videoconferencing
learning environments, teachers’ formative and affective feedback reports for learners increased as
their level of awareness of learners’ emotional state increased [30].

Although several studies reported social effects through comparative conditions and variables
induced by researchers, remedies to enhance social factors of group work have not been extensively
examined, especially not in ecological settings. Existing approaches limit direct and immediate
interactions among group members to attenuate social inhibitory effects. It was shown that group
writing [6, 45, 72] and sharing ideas through a computer asynchronously and anonymously [22] have
supported productivity. Writing ideas rather than expressing them verbally can lower evaluation
apprehension. Researchers also have reduced social loafing by increasing accountability, such as
having each person write ideas using a differently colored pen [45, 72], telling group members
that they would be tested for their memory [72] or that their performance will be evaluated [6].
Leveraging individual and collaborative work can enhance social interactions and productivity. We
can assume that the group would benefit from a hybrid structure that combines individual and group
work, either group-to-individual or individual-to-group. Two studies found that individual-to-group
is beneficial because individuals are freed from social constraints and can generate ideas at will,
which are elevated during group work [6, 34]. However, in both studies, participants in the group
condition discussed ideas verbally, while in the individual condition, participants wrote their ideas.
The difference in the technique is a confounding factor and could account for the productivity gain
among conditions. One study found that hearing each other’s ideas made little difference in group
brainstorming [23]. Controlling for the technique and using only the writing, another study found
that a hybrid structure is beneficial; however, the group seems to benefit from group-to-individual
rather than individual-to-group in terms of fluency and flexibility of ideas [45].

Existing studies in this area are limited in number and consensus, suggesting that more work is
needed. We extend previous research in two ways. First, previous studies focused either on dis-
cussing ideas verbally [6, 34], writing ideas [45, 72], or sharing ideas remotely through a computer
[21-23, 74]. Following insights from [41], we can assume that it is possible to leverage the possibil-
ities of two worlds: face-to-face and online whiteboard-mediated interactions. Individuals might
benefit from face-to-face spontaneity, a sense of humor, and synergies while having a whiteboard to
type their ideas at will without the need to take turns (immediacy and simultaneity). This structure
follows hybrid modern group work interactions, such as nowadays meetings. However, its social ef-
fects on group work processes are not known yet. Second, previous studies focused on one main task,
namely idea generation. We instead focus on a comprehensive perspective of problem exploration,
namely three main stages of idea generation, idea association and evaluation, and idea mapping.
However, the effects of combining these processes effectively at both the individual and group level
are hard to predict. For example, one could assume that making idea association/evaluation salient
during idea generation will heighten evaluation apprehension and hinder individuals’ productivity.
However, following a social perspective, one could assume that separating idea generation and idea
association/evaluation will prevent individuals from stimulating each other with ideas (e.g., social
facilitation [68, p. 300]). It might limit group synergy and persistence, resulting in productivity
loss. Furthermore, suppose individuals engage with idea generation alone. In that case, they might
become emotionally attached to their initial ideas and fixate on them, negatively affecting both

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.



1:6 Ez-zaouia and CARRILLO

individuals and the group. Because of the potential interference, the benefit of a particular structure
of individual and group work through the problem-solving processes is still not clear.

2.3 Perceptual and Cognitive Factors of Collaborative Work

A considerable part of group collaboration engages members in performing mental operations,
e.g., coordination, sharing, processing, integrating, and generating information. Various perceptual
and cognitive factors come into play. The quality and amount of communication and coordination
among group members is vital to the collaborative process [e.g., 52, 86]. Group members’ attention
to each others’ ideas is crucial for productivity. Prior knowledge, information accessible in memory,
is usually helpful for productive collaboration. Group members need to understand meanings, create,
integrate, and share their relevant knowledge in the context of group collective knowledge [72].
However, prior knowledge can interfere with generating adequate information, especially when
readily accessible information is less relevant to the current context, cf., fixation [73], expert-novice
paradigm [60].

Group members stimulate one another with their shared knowledge, which is often helpful
because they can positively prime their ideas [27]. Shared knowledge among group work creates
a semantic context and chain of thinking reactions. Recently evoked ideas and concepts spark
new ideas. However, negative priming can also occur. Shared ideas can affect members’ divergent
thinking and evoke memory blockers that hinder members from producing unique and relevant
knowledge (i.e., memory-biased retrieval set) [89]. As collaborators interact more with a set of ideas,
they increase the likelihood of failing in retrieving additional ideas. Group fluency of idea generation
seems to decline over time [e.g., 45]. Rather than tapping into less accessible ideas, collaborators
tend to fixate on initial ideas and think within bounded, familiar, and narrow sets of ideas, resulting
in productivity loss [21, 84]. Readily accessible information is usually less relevant to creative
problem-solving [33, 50, 88]. Further, group members face the illusion of group productivity, i.e., a
feeling of satisfaction with their performance even if their collective productivity is suboptimal,
e.g., compared to individuals working alone [74].

Another source of collaborative productivity loss is production blocking [65]. Collaborators need
to express their ideas spontaneously or immediately after ideas come to mind. Technological or
instructional “blockers,” e.g., taking turns to speak or express ideas, can negatively affect group
productivity. While waiting for their turn, collaborators may forget or even over premeditate their
ideas and decide against sharing them with the group.

The main finding in this area is that group productivity might benefit from perceptual and
cognitive stimulation. One strategy to support perceptual and cognitive stimulation of group
work relies on reduction techniques, specifically, problem decomposition [47]. Decomposition
encourages individuals to explore (and focus on) subcategories of the problem. One study has
shown that group task decomposition, i.e., asking the participants three questions, one at a time,
yielded greater productivity compared to one all-encompassing question [21]. Not related to group
work, examination of task structure and individuals’ cognitive style of personal need for structure
has shown that task structure can stimulate and inhibit creative work [77]. In the same view,
examination of the interplay between task structuring and individuals’ systematic or intuitive
cognitive styles has shown that structure supported creative work but inhibited intuitive individuals’
productivity [82]. Examination of individuals’ implicit and explicit task decomposition in design
idea generation, i.e., without deliberate analysis (implicit) or with deliberate analysis (explicit),
found that novice designers did not deploy explicit problem decomposition [47]. Thus, a primary
limitation of decomposition is that it is task-dependent and requires expert knowledge about both
the group and the situation: ...] to divide a problem, something must be known about it” [21, p. 275].
Another strategy is to leverage both individual and group work, either individual-to-group or
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group-to-individual. Two studies found that individual-to-group is beneficial [6, 34]. A follow-up
study found evidence supporting group-to-individual [45]. The conflicting results underscore that
more research is needed.

We build on previous work in two ways. First, as mentioned earlier, we leverage face-to-face and
online whiteboard-mediated interactions and compare process structuring (combining individual
and group work) to a structure-free condition. This setup is different from previous studies where
individuals either engaged in brainstorming [6, 34] or brainwriting [45, 72]. Second, we structure
group processes through three main stages of problem-solving exploration: idea generation, idea
association and evaluation, and idea mapping, which is different from previous studies on idea
generation [e.g., 6, 21, 34, 45, 72]. Stimulating effects of structuring the processes mentioned above
on group work are not apparent. We can assume that conducting individual work, such as idea
generation, can be beneficial because it might reduce production blocking, reduce negative priming,
and support divergent thinking. We can also assume a carry-over (if not a boost) of individuals’
work productivity during a follow-up collaborative work. However, we can also think that group
work can be more beneficial because individuals can stimulate one another with shared ideas and
benefit from group synergy and persistence. One could assume that the number of ideas can be
higher in individual-to-group but perhaps not the quality; the opposite can be true for groups with
process structuring. And finally, one could argue that a whiteboard might support individuals in
cognitive offloading [78] because it might foster attention, support information processing, and
reduce production blocking. However, one could also argue that such a structure might pose higher
cognitive demand on individuals because they need to attend to (listen, read, and process) one
another’s ideas in addition to generating and writing their ideas. A shared whiteboard might make
ideas contextually salient to the participants, resulting in fixation and preventing members from
divergent thinking. The main effects of process structuring with cognitive offloading are still not
apparent.

2.4 Contextual Factors of Collaborative Work

Contextual factors are essential to group work outcomes. One factor is group size. One could assume
that as the size of a group increases, it might become harder for group members to coordinate, share
successfully, and process information (e.g., resources, responsibilities). Lack of coordination and
information sharing might leave more room for counterproductive social, perceptual, and cognitive
effects to take place, such as nonparticipating members, social loafing, production blocking. One
study found that smaller groups are better, and productivity seems to decrease as the size of the group
increases [38]. However, decreasing group size might also decrease group exchange synergy, thus
reducing social, perceptual, and cognitive stimulation. A meta-analysis of idea generation in digital
brainstorming found a somewhat larger group size of 8 or greater that drastically outperformed
individuals working online [22].

Similar to group size, the duration of the collaboration is essential. One could assume that a
shorter length of collaboration time can be better. Collective information sharing seems to decline
over time. On one side, the decline of ideas over time perhaps is a cause of social dilemmas; in
the long run, collaborators tend to value a reciprocal and equal exchange, even at the expense of
the quality of the collaboration [59]. On another side, given the biased memory retrieval set, idea
production fluency in brainstorming sessions seems to decline over time [45].

In salient aspects, group members’ diversity, such as backgrounds, perspectives, socio-cultural
factors, gender, skills, can promote group work’s qualities and outcomes. One study found de-
mographic diversity attributes can significantly impact the group’s results, compared to group
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members with similar "thinking styles" (e.g., from the same country) [93]. Gender diversity can im-
pact group work [7]. Individual differences and epistemic needs are also shown to affect individuals’
productivity [77].

This paper assumes that careful manipulations of contextual factors are crucial to examining
process structuring effects. Because of the wide range of contextual factors of group collaboration,
it can be hard to draw an optimal group size. Findings from organization settings regarding 58
software development projects showed that the top five teams in terms of teamwork quality were,
on average, around four members; the bottom five teams were around seven members [38]. We
opted for triads and dyads because we felt adequate for our settings. Finding an optimal group
size of about 8 in online brainstorming makes sense because the focus was on idea generation
[22]. Instead, in this paper, we are interested in a comprehensive group problem-solving process
from idea generation to idea association and evaluation to idea mapping. Group members need to
generate ideas, discuss them, and create a meaningful solution representation. One study observed
little difference between dyads and group of four [64].

Similarly, it can be hard to draw an optimal duration for collaboration. While a shorter timeframe
is recommended, e.g., for brainstorming sessions [81], it is worth noting that group members can
feel pressure to produce rapid results, leading to suboptimal convergence and production [57]. We
opted for a reasonable duration for one activity that enables individuals to maintain focus and gives
them enough time to perform the activity. We reduced the timeframe by more than half in a second
different activity. By doing so, we aim to examine the effectiveness of the process scaffold on two
different timeframes. Furthermore, diversified group members can facilitate productive interactions.
However, it is worth noting that heterogeneous group members can also lead to less cohesiveness,
conflict, and discomfort among group members. We, therefore, opted for homogeneous group
members to carefully examine process structuring effects on group productivity. And finally, we
designed two different sub-studies varying in complexity. Both sub-studies are intellectual and
generative. Additionally, one activity is evaluative and goal-directed. Both sub-studies engage
individuals in group brainstorming and group brainwriting as means of problem-solving using
both face-to-face and an online whiteboard. The effects of our contextual settings on group work
processes structure have not been examined yet.

3 MOTIVATION AND POSITIONING: PROCESS STRUCTURING IN HCI AND CSCW

Our work aims at providing empirical insights into collaborative and social interaction, especially
in small-group work productivity. Specifically, we seek to illuminate socio-cognitive processes
of humans’ shared interactions and mediated interactions (through external tools, artifacts, and
representations). Examination of core processes in collaboration can provide a foundation for
technological mediation and intervention. We motivate and position our work from four main
perspectives that we introduce below.

3.1 MT1: Need for Collaborative Process Models

Many studies in HCI and CSCW have been conducted to support collaborative work. A main
focus of such research was devoted to supporting coordination and communication among group
members using novel computational tools. Synchronous and asynchronous tools can allow users
to coordinate distant and co-located actions [e.g., 52, 92]. Infrastructures for auditory and visual
communication can foster feeling of presence [e.g., 83], support socio-emotional interactions [e.g.,
30], and provide shared spaces and displays [e.g., 86, 94]. Other studies have examined the impact of
existing tools on collaborative work [25] and uncovered users’ practices, challenges, and possibilities
[e.g., 4, 41, 49, 97]. A few studies have designed processes, mainly to automate part of collaborative
work, such as designing a series of steps for collaborative crowdsourcing work [e.g., 3, 48].
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So far, most research into collaborative work in HCI and CSCW has focused on (i) supporting
coordination and communication using novel technologies, (ii) studying the impact of existing
technologies, or (iii) automating parts of work processes. There is less research on collaborative
processes. Models, such as iterative process [62], double diamond [18], and design thinking [12], are
known examples of process models. Such models have several values [79] — they provide explicit
language of coordinated actions to perform a work, they abstract variability and generalize to
rich work processes and tasks, and they illuminate psychological processes of humans’ shared
interactions as well as their interactions with external representations (e.g., computer, artifacts).
Research has found evidence supporting process models in collaborative design work, such as
double diamond [41] and iterative process [31]. However, given the challenges of collaborative
work, group members are often subject to social, cognitive, and contextual challenges (see related
work 2). One study [41] found instances of “unexpected problems” during collaborative design
process, mainly due to collaborators’ (i) overusing and underusing certain communication channels
(e.g., verbal versus textual) and (i) challenge in managing and combining group work productions.
While previous research suggests that careful considerations of process iterations can support group
work, it remains unknown how process decomposition and structuring might do so. Identifying
suitable sub-processes, combinations and sequences involved in collaborative work has not been
studied systematically. While common sense might suggest that known process models can support
group work, such models are mainly adopted by designers and researchers and require professional
training [e.g., 31, 66]. Instead, we aim to design and empirically analyze process structuring to
support everyday collaborative work, not only professional workers, such as designers.

3.2 Ma2: Identifying Suitable Group Work Sub-processes, Their Combinations and
Sequences

Research into group creative work has identified several sub-processes that can catalyze productivity,
such as idea generation [e.g., 6], idea selection [76], idea combination [44], and idea evaluation
[75]. Much research in this area examines one or two key sub-processes [e.g., 6, 34, 45, 72]. Such
research is vital because of two main reasons. First, processes might manifest simultaneously and
in linear and non-linear forms. Second, it is becoming clear that each sub-process involves complex
social, perceptual, and cognitive constructs.

In the view of process model approaches, even if human work might not appear as linear and
sequential, we often scaffold our work through a series of steps. A widely adopted strategy is
the problem reduction technique, where a problem is divided into sub-problems or sub-goals
[21, 47]. For example, one can decompose an idea generation task into three questions to be
performed in a sequence [21]. However, this decomposition approach has three limitations. First, a
problem decomposition requires domain knowledge about both the group and the situation at hand,
referred to as: “knowledge underlies decomposition” [21]. Second, it can be hard to find an optimal
decomposition for a problem. And finally, not all group work problems are decomposable. Denis et
al., (1996) concluded in their work: “more research is also clearly needed on process decomposition,
given its significant effects on performance” [21, p. 274]. While previous research has revealed
several key sub-processes, identifying suitable combinations and sequences has not been subject
to empirical research — currently it is mostly based on human intuition. In addition, most sub-
processes have been contributed by the cognitive / social sciences. Examining work processes from
an HCI-CSCW point of view is therefore relevant and important. Furthermore, famous processes
in HCI and CSCW are rather designed for trained professional [12, 18, 31, 62, 66]. Other workflows
have been designed, however, they aim to automate part of group work for a given context (e.g.,
crowdsourcing), and rely on salient technological component [e.g., 3, 48]. Collaborators can not
use such workflows for everyday work. We aim at extending this space by examining how process
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structuring might shape group work. Ultimately, we hope to cast important light on implications
for collaborative technologies.

3.3 M3: Threats of Group Work Sub-processes Interference

Although it might seem evident that the processes mentioned above are essential for collaborative
work, combining them effectively is challenging. The sequence of processes through which group
members engage will have a prominent effect on individuals’ productivity. This paper takes a closer
look at three main processes of creative group work in design problem-solving: idea generation
(problem space), idea association and evaluation (evaluation space), and idea mapping (solution
space). We hypothesize that making a process salient during another process can affect group work
strategies, experiences, and outcomes. To have a productive idea generation, individuals should
not feel any fear or pressure of judgment (i.e., evaluation apprehension). Thus, idea generation
(e.g., generating potential ideas from long-term memory) will be productive without interference
from idea evaluation. Similarly, individuals discussing and associating their ideas with one another
will block the process of idea generation (i.e., production blocking). Thus, idea generation will
be productive if separated from idea association and evaluation. Further, group work members
often fixate on embellishing their initial ideas and overlook exploring problem space, considering
alternatives, and discussing all relevant information. Thus, idea generation and idea evaluation will
be productive if separated from idea mapping, where a solution representation is shaped.

In this paper, we examine process structuring by comparing it to a structure-free work process
for two main reasons. First, previous studies focused on idea generation and have found conflicting
results for hybrid alternation of a group and individual work [6, 21, 34, 45, 72]. Instead, we were
interested in a comprehensive group work process (idea generation, idea association and evaluation,
and idea mapping). Second, previous studies have limited direct and immediate interactions among
group members to reduce inhibitory effects of the group (e.g., writing ideas rather than discussing
them verbally, or sharing ideas through a computer asynchronously and anonymously) [6, 22, 45, 72].
In contrast, we leverage face-to-face and online whiteboard [41, 92]. Because we introduced a new
process structuring for small group collaboration along with the use of co-located and computer-
mediated interactions (that we examined through two different studies), we felt it adequate to set
up a baseline for process structuring by comparing it against an intuitive work process, such as
structure-free.

3.4 M4: Need for Shared Mapping of Group Work Processes

Previous studies focused on the process of group idea generation, where participants were tasked
to list ideas on slips of paper [6, 34, 45, 72]. However, in ecological settings, collaborators need
to generate ideas, discuss, associate, evaluate, and map out their collective outcome. Further,
collaborators can find it challenging to manage and combine their shared productions [41]. Thus, in
the present study, we directed the participants to create a meaningful representation to communicate
their ideas instead of just listing them. Visualizations of interrelated ideas and concepts, commonly
known as concept mapping are being reported among the most successful techniques for knowledge
inquiry in design education and practices [36, 69], creativity [87], and collaborative sense-making
[52]. A study of spontaneous drawings on whiteboards —for brainstorming, communication, and
problem-solving, found that more than 50% percent of drawings were concept maps alike [92].
Concept maps are node-link visuospatial representations, where nodes represent concepts (or ideas,
people, places, events, and such) and links, either implicit or explicit, represent relationships among
concepts [70]. In a study of idea generation stimulated through external contextual conversational
keywords, users showed interest into displaying “connections” between keywords (rather than a
cluster of abstract keywords) [86, p. 600]. Spatial, visual, and conceptual externalization of ideas
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can support limitations of our working memory [51]. Externalization can make it easier for us to
offload, scaffold, and capture thinking [91]. Such representations can directly communicate literal
and metaphoric contents, structures, and relationships. Externalized ideas can prime one another
and generate new ideas through associations [55].

4 GROUP PROCESS STRUCTURING: FROM INDIVIDUAL IDEA GENERATION TO IDEA
ASSOCIATION AND EVALUATION TO IDEA MAPPING

We propose a new process structuring (M1) that includes three sub-processes (M2). This new
structuring is unique because it is based on a theoretical foundation that helps: (1) decrease
inhibitory processes interference during group work, leading to increased productivity for everyday
collaboration (M3) and (2) support group members in mapping out collective outcomes (M4).

4.1 Individual ldea Generation

Research underlines the importance of divergent thinking for creative and productive group
collaboration [71]. However, group work might facilitate counterproductive biases (M3). Group
work can have inhibitory effects on members’ divergent thinking and evoke “blockers,” constraining
members from tacking unique and relevant perspectives. Members’ shared ideas can negatively
prime collaborators [73]. The dynamics of group work can place members under the pressure of
seeking common premature consensus, cf., conformity effect [57]. Members might tend to fixate on
familiar ideas and commit to a narrow set of ideas by seeking uniformity. Consequently, exploring
alternatives (problem space) and less accessible ideas might not be straightforward for group
work, resulting in productivity loss. Group members face the illusion of group productivity. Group
members tend to feel more satisfied with their performance even if their collective productivity is
sub-optimal than individuals working alone [74]. Group members tend to focus on contextually
salient information and overlook information not evoked by the context.

Individual idea generation can be a valuable tool to help emerge diverse and unique perspectives,
alternatives, thoughts, and interactions in group collaboration. We hypothesize that individual
idea generation (before group work) will facilitate divergent thinking, and thus improve group
work productivity. Individual idea generation can support group members in overcoming negative
priming when each individual alone —not the group, brainstorm to generate their ideas first. Indi-
vidual idea generation will free individuals from group social constraints. It may reduce evaluation
apprehension because members can not premeditate immediate reactions from collaborators. It
may reduce initial downward social comparison because individuals will be initially blind to the
performance of each other. It may minimize production blocking because individuals can generate
ideas at will without taking turns to express their initial ideas. And finally, it may help reduce
free-riding because individuals might feel a need to contribute to the group.

4.2 Collaborative Idea Association and Evaluation

While individual idea generation can catalyze group members to explore unique perspectives and
ideas, it comes at three expenses (M3). First, it prevents members from benefiting from group social
synergies and persistence. Second, it prevents individuals from benefiting from exchanging and
positively priming each other with ideas in a chain of thinking reactions. Third, ideas emanating
from individual idea generation may vary substantially from one individual to another [20]. Mem-
bers need to collectively discuss, connect, evaluate, and refine their ideas. Research underlines that
successful creative group work is a combination of generating and evaluating ideas [75].

Idea association and evaluation can support convergent thinking, primarily when ideas are
already generated and need to be discussed, associated, and refined before developing a solution.
Idea collision in an associative-transformative manner is crucial for a collaborative creative outcome
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to occur [55]. Such a process includes individuals stimulating each other with unique, similar, and
different ideas and elaborations on the initial ideas, selections, combinations, modifications of
ideas, and even rejections of less promising ideas. However, such a process requires complex social,
perceptual, and cognitive skills, which can be challenging for individuals. Individuals need to engage
in analytical heuristics, participatory negotiation, and decision-making strategies to appraise and
assess the qualities of ideas. Individuals need to listen, think, and react to one another’s ideas, which
can be mentally taxing. Our capacity to allocate information in the working memory for active
cognitive processing is limited to a very few items at a time [51]. Shared and external scaffolding
and offloading of idea association - evaluation can be an effective tool to augment memory and
ease information processing of group work. Group members can create external visuospatial
representations to make information salient to be more easily identified, processed, and interpreted
by the members. In the view of the extended mind hypothesis, external representations interact
with and are intrinsic to human perceptual and cognitive processes [78]. External representations
can activate congruent internal representations, senses, abilities, and knowledge. Individuals can
interact with external representations as resources of dialogue. We hypothesize that idea association
and evaluation supported by external representation can enhance group productivity.

Collaborative idea association and evaluation might elevate ideas generated individually. How-
ever, the evaluation process should be separated from generating alternatives or implementing a
solution. A threat to group work is focusing too much on embellishing initial ideas and not consid-
ering alternatives or discussing all relevant information. Problem-solving research has found that
individuals have difficulty creating a complete set of alternatives. Individuals typically overestimate
(and underestimate) how they exhaust a problem’s space, leading them to generate and consider a
few alternatives [33, 50, 88]. Thus, idea mapping where a solution is formulated should not interfere
with considering all relevant alternatives, associating, and evaluating ideas.

4.3 Collaborative Idea Mapping

Group work requires generating, associating, and evaluating ideas, leading to a meaningful solution
or a creation that takes an external representation, such as a model, diagram, or writing (M4). Once
group members identify promising ideas, they collectively create a common solution. Members
might make a meaningful conceptual solution through visuospatial mapping and linking of ideas.
Idea mapping can be an effective tool for group members to identify, categorize, organize, and com-
municate a mental image underlying their ideas, namely literal and metaphoric content, structures,
and relationships directly. Through idea mapping, group members can co-locate contents (e.g.,
similarity, proximity), show hierarchical structures of contents (e.g., trees), and show relationships
between contents (e.g., connectedness).

Research into problem-solving suggests that most people engage in mental representations of
problem space [40]. This includes activating appropriate models (e.g., expert in a subject area)
or actively constructing and adjusting appropriate representations toward a solution. Individuals
constantly manipulate meta-reasoning resources to envisage and assert possibilities during such a
process. Entertaining quasi-states of problem space in memory is challenging and prone to errors
because of the limitation of our working memory [51]. Idea mapping can ease and preserve thinking
processes when creating a solution [e.g., 52]. We hypothesize that the practice of idea mapping,
namely the process of collective mapping ideas, the gain through mapping ideas, and the outcome
of mapping —the end artifact, will support group work. By mapping ideas, individuals collectively
create representations that connect ideas in ways that make sense, elicit discussions, and help
instantiate and reflect on a solution. Such a process is less prone to error, cognitive load, and
distortion than mental representations. The observational and artifactual nature of idea mapping
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can allow individuals to constantly see content, structures, and relationships and ease reasoning
about their work [61, 92].

5 FIELD STUDY DESIGN

We conducted a field study to examine the impact of PROCESS STRUCTURING on collaborative work
in two design-related sub-studies. We used mixed methods analysis and followed an overall 2x2x2
factorial design with the following factors and levels:

e CONDITION: WITH & WITHOUT PROCESS STRUCTURING
e SUB-STUDY: DESIGN & peer FEEDBACK
e SURVEY: PRE-SURVEY (a priori) & POST-SURVEY (post-hoc)

The ConNDITION Was a randomized between-subject factor. The SUB-STUDY was a within-subject
factor. We ran the two sub-studies at two different points in time. The SURVEY was a within-subject
factor. We designed the PRE-SURVEY to capture the participants’ demographics and the participants’
perceptions toward visuospatial LITERACY, COLLABORATION, CREATIVITY, and giving and receiving
FEEDBACK. We designed the PosT-SURVEY to capture the participants’ EMOTION and COGNITIVE
LOAD. Apart from the participants’ demographics, we handled the SURVEY responses as five-points
Likert scales, i.e., items, treated as ordinal data.

We quantified three cross-measures for both SUB-STUDY, namely (1) FLUENCY, (2) ORIGINALITY,
and (3) FLEXIBILITY of ideas. Additionally, for the peer FEEDBACK sub-study, we quantified specific
conceptual categories of feedback ideas (utterances) with nested levels, namely (1) soc10-AFFECT
language: motivational and emotional, (2) Focus of feedback: summative, formative, (3) TARGET
of feedback: content, structure, and relation, and (4) NATURE of feedback: correction, evaluation,
brainstorming, interpretation, recommendation, and reflection.

5.1 Study Hypotheses
We examine four primary hypotheses:

e H1: In the design sub-study, process structuring will yield greater productivity in fluency,
flexibility, and originality than in the structure-free condition. From a social perspective
(e.g., group synergy, persistence, idea sharing, upward comparison), the group in process
structuring might initially suffer productivity loss (i.e., during individual idea generation).
However, we hypothesize that the gain of process structuring will be higher from cognitive
(e.g., divergent thinking, lower negative priming, lower production blocking) and social
perspectives (e.g., lower free riding, lower evaluation apprehension).

e H2: In the feedback sub-study, process structuring will yield greater productivity in quality
(e.g., flexibility and originality) but perhaps not quantity (e.g., fluency) than the structure-free
condition. If group work processes set a clear fixed goal (e.g., producing a specific number of
ideas), the members will likely aim for the specified goal, constraining their fluency.

e H3: Process structuring will attenuate negative priming, fixation on familiar ideas, and social
comparison, resulting in productivity gain. Process structuring leverages cognitive scaffolding
and divergent thinking, which are likely to facilitate relevant perspectives, unique ideas, and
deeper exploration. Process structuring will likely prevent group members from seeking
premature (sociocognitive) convergences, consensus, and conformity.

e H4: Process structuring will yield greater productivity without taxing collaborators cogni-
tively or emotionally.

In the design sub-study, collaborators engaged in a generative conception of a design H1 —gen-
erative in the sense that, apart from the structuring, there was no other external constraint on the
work process and the outcome. In the feedback sub-study, collaborators engaged in a goal-directed
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activity H2 —goal-directed in the sense that they needed to (1) write a feedback report about a
design solution produced by a peer group (2) in a shorter timeframe. By comparing structuring to
structure-free (section 3, M1), we can obtain informed results about if and how a suitable sequence
of group work processes (M2) can support group productivity (M3) in these two types of collabo-
rative work. Further, H3 examines why process structuring might be superior to a structure-free
and more importantly what factors might contribute to such superiority, in part, sub-processes
interference (M3). At first, we might think that process structuring can tax collaborators cogni-
tively or emotionally, but we hypothesize that it will not (H4), mainly because the sequence of
sub-processes is designed to facilitate a shared mapping of group work (M4). And finally, currently,
to the best of our knowledge, there is no baseline to compare processes structuring against (with
a comparable design). Therefore, we opted for a structure-free as a control condition to obtain a
precise estimate of the effects of process structuring.

5.2 Study Setting and Sample

We designed and planned the study in early 2021. We conducted the study between September and
November at an engineering school, in the context of the course “Information Systems Modeling”
The course was administered and taught by the second author of the paper. Because of the Covid-19
pandemic, the teacher has begun blending design thinking [9, 69] and educational technologies to
improve classroom experiences and outcomes.

Two classes enrolled in the course participated in the study. Each class had two sessions of
collaborative work. Each session lasted for two hours. Both classes gave us a reasonable sample
size of 40 participants (N = 40) and a total of approximately eight hours of collaborative work split
over four sessions.

The institution’s research coordinator approved the study. We took several measures to avoid
conflicts of interest. First, the activities of the study were carefully designed to align with the
course objectives and topics, ensuring that they were relevant and meaningful within the context
of the class curriculum. This integration allowed us to collect data in a natural and authentic
setting, capturing the participants’ genuine responses and interactions, thereby benefiting both
the students and the research outcomes. Second, we informed the participants about collecting
and anonymously analyzing their collaborative work data and possibly withdrawing their data
from the study at any time. We told participants about the possibility of reporting snippets of their
work anonymously for research. All the participants consented to collecting and analyzing their
data. We made it clear to the participants that they had the option to opt-out without any negative
consequences. Attendance in the study did not affect their grading or academic standing in any
way. Furthermore, the co-authors separately analyzed the data to ensure objectivity and minimize
bias.

5.3 Participants

The participants were 40 third-year graduate students, of two classes of 21 and 19 students (N = 40),
enrolled in the course “Information Systems Modeling”, (gender: [M = 38, F = 2], age: [<20 = 6, 20-25
= 33, >25 = 1]). All the participants were French native speakers. They voluntarily participated in
the study as part of the course. We did not give a compensation/gift to the participants. We report
on the main effects of demographics in the results section 6.

5.4 Activities and Materials

We designed two main collaborative activities, a pre-survey, and a post-survey.
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5.4.1 DESIGN Sub-study. We aimed to provide participants with meaningful archetypes for their
collaborative work, using engaging and narrative scenarios for design exploration [9]. The collabo-
rative DESIGN activity focused on the conception of a DESIGN, specifically on three main stages:
problem exploration, generation, and representation of a solution. From an instructional perspec-
tive, we designed two identical DESIGN activities in terms of experiences, materials, and level of
difficulty, but with two slightly different problem statements (subject), one for each group. We
slightly changed the problem statement. We ensured that participants get a new problem statement
in each condition. We formulated two similar design problems: “Classroom 2.0” and “Hybrid Meeting
Room”, one for each group. Below is the wording used for both problems.

Your mission: Collaborative Conception of a Design

Imagine that you work for a [name of a city]-based company that is looking to offer
a [“new learning experience to schools” OR “new hybrid meeting room service to
businesses”]. The new offer named [“Classroom 2.0” OR “Hybrid Meeting Room”] is
based on the experience of [“learning with” OR “meeting using”] new technologies.
Your mission is to design the [“Classroom 2.0” OR “Hybrid Meeting Room”] offer
with one or two colleagues. Your company offers you nine concepts to stimulate your
thinking [we placed nine initial concepts on the starter Miro boards that we had created
for each team, see procedure below (section 5.6)]. You do not have to limit yourself to
the proposed concepts. You can modify them and/or add to them as you wish. You can
use images and illustrations to communicate your ideas.

5.4.2  Peer FEEDBACK Activity. The second activity focused on participants’ peer FEEDBACK on
design solutions, specifically the participants’ results of the DESIGN activity. We motivated the
activity of (peer) feedback to the participants. We create a narrative scenario [9] for participants to
collaboratively analyze and reflect on a design solution of their peers and consequently write a
feedback report to their peers (see appendix B for the statement used).

We decided to use peer feedback activity for two main reasons. First, peer feedback is a precious
tool in design thinking practices [15, 85]. Second, peer feedback is uniquely different from the design
activity. In addition to being intellective and generative, it is evaluative, which gave us a unique
setting. Specifically, we leverage the evaluative aspect of peer feedback with social information
(participants shared results) to evaluate the moderating effects of process structuring on social
comparison (see procedure - section 5.6.4). We made the activity more goal-directed by asking the
participants to produce at least 200 words feedback reports. We also allocated a shorter timeframe,
about half of the DESIGN sub-study. We did so to gather empirical data about the effectiveness and
generalizability of process structuring on group work productivity.

5.4.3  Pre-survey. We designed the PRE-SURVEY to gather participants’ perceptions regarding four
factors relevant to our work: Visuospatial LITERACY, COLLABORATION, FEEDBACK, and CREATIV-
ITY (see appendix D). Visuospatial LITERACY involves a set of perceptual and cognitive skills of
manipulating visuospatial attributes of objects through space-time [54, 61]. Being a fundamental
competence, not only for designerly practices, but for all aspect of learning for life and work,
various arguments advocate leveraging visuospatial thinking for knowledge inquiry in a variety
of areas, such as creativity [87], design [36, 69], brainstorming and problem-solving [92]. Specifi-
cally, we collected participants perceptions towards interpreting, understanding, appreciating, and
producing meanings through visuospatial representations. We gathered participants’ perceptions
towards collaboration, namely working alone and in group. Similarly, we gathered participants’
perceptions towards giving and receiving feedback, drawing on ideas from [46, p. 63:9]. And finally,
we collected participants’ perceptions towards creative thought, drawing on ideas from [26, p. 6].
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Visuospatial literacy, collaboration, feedback, and creativity are important factors to account for,
for both sub-studies: conception of a DESIGN and peer FEEDBACK on design solutions. We wanted to
make sure that participants in the both conditions have relatively similar backgrounds.

5.4.4  Post-survey. Drawing on ideas from [53], we designed two small POST-SURVEY to gather
participants’ self-reported emotion and cognitive load (i.e., effort) after thee DESIGN and peer
FEEDBACK sub-studies (appendix E).

5.5 Apparatus

We used three apparatus: a classroom, an online collab-
orative whiteboard, and pens and papers.

5.5.1 Classroom Setup. The study took place in two iden-
tical school classrooms (one for each group). The two
classrooms facilitate group work using round tables in
the form of islands (Figure 1). The classroom has four
tables. Each table can host up to five persons. Each person
has two monitors stacked vertically. The primary monitor  Fig. 1. Overview of the classroom setup.

directly faces the person. The secondary monitor on top of the primary one. Both classrooms have
a noise reduction carpet.

5.5.2  Online Collaborative Whiteboard. We used the web-based Miro whiteboard [58], with an
educational account. Miro is a raising collaborative whiteboard with several academic and collabo-
rative features. At the time of this writing, they advertise their product as: “The online collaborative
whiteboard platform to bring teams together, anytime, anywhere” with “over 25 million users” [58].
The whiteboard is relatively intuitive. We can create an unlimited number of boards with an
educational account and invite others to join boards (or share boards using links). A Miro board
shows real-time cursors of the collaborators with unique colors and names. Also, Miro displays
real-time highlights of the contents when edited by collaborators.

5.5.3  Pens and Papers. In the first stage of the DESIGN and peer FEEDBACK activity, i.e., individual
idea generation, the participants in the CONDITION WITH PROCESS STRUCTURING have first to note
their ideas on sheets of papers as part of the process.

5.6 Procedure

The procedure consists of five main stages: (1) opening, (2) group formation, (3) collaborative design
sub-study, (4) collaborative peer feedback sub-study, and (5) closing. We conducted all activities in
the participants’ first language (French).

5.6.1 Opening. We told the participants about the activities of the sub-studies in the second week
of the course without disclosing the conditions of the study. We administered the PRE-SURVEY
to gather participants’ demographics, backgrounds, and consent. All participants completed the
pre-survey two weeks following the opening.

5.6.2 Teams Formation. We randomly create teams for the two conditions. CONDITION WITH
PROCESS STRUCTURING had eight teams, five triads, and three dyads (N = 21, N7egms = 8, NTriads
=5, Npyads = 3) for both DESIGN and FEEDBACK sub-studies. The CONDITION WITHOUT PROCESS
STRUCTURING had seven teams four triads, and three dyads (N = 18, N7eams = 7, Nrriads = 4, Npyads
= 3) for the DESIGN activity and five triads and two dyads (N = 19, Nreams = 7, Nrriads = 5, Npyads
= 2) for the FEEDBACK activity (one participant was absent during the DESIGN activity).
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Fig. 2. The starter Miro board that the group WITH PROCESS STRUCTURING received for DESIGN activity. Left
is the activity description. Next to it is the additional bullet points that participants in this condition
received, highlighting why structuring their collaborative work in three steps might be important (see
appendix A). Then, we have three main Miro frames, one for each stage of the process: idea generation,
idea association and evaluation, and idea mapping. We placed in each frame the nine initial ideas that
we provided participants for stimulation ("Artificial Intelligence", "Audience”, "Smartphone", "Video Wall",
"Internet”, "Audiovisual", "Augmented / Virtual Reality", "Visual Tools", "Immersive Rooms", see small boxes).
In the first stage, participants were asked to generate ideas on sheets of papers (in 15 minutes) before
typing them on Miro. We mentioned to the participants in the Miro Frames: “you can always add, modify,
and/or combine your initial ideas”. Participants in the group WITHOUT PROCESS STRUCTURING received the same
board without the additional information and with only one frame entitled: “Conception of a Design of
the "Classroom 2.0" - 90 minutes” with nine initial ideas ("Augmented Reality", "Internet”, "Data Collection",
"3D Printing", "Visual Tools", "Classroom as Laboratory", "Smartphone", "Collaboration Between Classes",
"Immersive Courses and Classrooms").

As noted earlier in related work (section 2.4), we opted for triads and dyads for three reasons.
One reason was to increase the number of groups for statistical analysis. The second reason was to
optimize group work. Smaller teams are generally better because of the nonparticipating effect that
increases as the size of the team increase [38]. One study found less difference between group of
four and dyads in idea generation [64]. Third, we felt triads and dyads are adequate to our objective
of examining a comprehensive process structuring of group work problem-solving (not only idea
generation, e.g., [45]).

5.6.3 Sub-study #1: Collaborative DESIGN Activity. We create stater Miro boards the week before
each activity, one board for each team. We made seven identical boards for CONDITION WITHOUT
and eight identical boards for CONDITION WITH PROCESS STRUCTURING. To help structure Teams’
collaborative work on Miro boards, we used Miro frames. A frame creates a boundary for a space
of work. Collaborators can locate their shared work and cursors within a frame on the canvas and
work together. Figure 2 presents the starter Miro board that teams received in the CONDITION WITH
PROCESS STRUCTURING.

In the fourth week of the course, we conducted the design activity with the participants in both
conditions: WITHOUT and WITH PROCESS STRUCTURING, respectively. We randomly assigned the
participants in the CONDITION WITHOUT PROCESS STRUCTURING to work on the design activity
“Classroom 2.0 They received the description of the activity reported in section 5.4, with no
additional instructions. The participants in the CONDITION WITH PROCESS STRUCTURING worked on
the “Hybrid Meeting Room” activity. Similarly, they received the description reported in section 5.4.
Additionally, teams in this condition, received bullet points highlighting why structuring their
work in three steps might be beneficial (see appendix A).
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Design design activity, P Design concept solution (from
the design activity) of the team
providing feedback

Desie

Design concept solution (from the
design activity) of a peer team on

report-in 1
add, modify, and/or combine your nitialdeas)

Additional
Information

! ! !

individual idea Generation Collective Idea Association Collective Idea Mapping

and Evaluation

Fig. 3. The starter Miro board that the group wITH PROCESS STRUCTURING received for FEEDBACK activity. Left
is the activity description. Next to it is the same additional information provided in DESIGN activity (see
appendix A). Then, we have three main Miro frames, one for each stage of the process. Above the three frames,
we placed the design solution of the peer team (subject to feedback) and the design solution of the team
providing the feedback. In the first stage, participants were asked to generate ideas on sheets of papers (in 10
minutes) before typing them on Miro. Participants in the group WITHOUT PROCESS STRUCTURING received the
same board without the additional information and with only one frame entitled: “Your feedback report - 40
minutes”.

We introduced the activity to the participants. We briefly explained the user interface and
functionalities of the Miro board. We showed the layout of the started Miro board that we created
for the teams. We asked the participants in the condition WITH PROCESS STRUCTURING to preserve
their work in the three frames along the three stages of the process (see Figure 2). Specifically,
when the participants finished a stage, they copied/pasted the results into the subsequent frame,
and so on. We then disclosed and formed the teams accordingly in the classroom. We shared with
the members of each team the link to the starter board that we have created for them beforehand.
And, we let participants work on the activity for 90 minutes.

5.6.4  Sub-study #2: Collaborative Peer FEEDBACK Activity. Similarly, we create stater Miro boards the
week before the peer feedback activity, one board for each team. Figure 3 presents the Miro board
that teams received as a starter in the CONDITION WITH PROCESS STRUCTURING. The started board
had three frames, one for each stage of the process. Also, it had the design solution of the peer team
subject to the feedback and the design solution of the team providing the feedback. The participants
in both conditions received the instructions as reported in section 5.4. The participants in the
CONDITION WITHOUT PROCESS STRUCTURING received the same starter board without the additional
information (see Figure 3) and with only one frame entitled: “Feedback report - 40 minutes”. We
randomly distributed design solutions among teams for peer feedback in each condition — eight
design solutions for the treatment and seven design solutions for control (see data collection,
section 5.7).

In the eighth week of the course, we conducted the feedback activity with participants in both
conditions: WITHOUT and WITH PROCESS STRUCTURING, respectively. We introduced the activity
to the participants. We asked the participants in the condition WITH PROCESS STRUCTURING to
preserve their work in the three frames along the three stages of the process (see Figure 3). We
formed the same teams as in the design activity in the classroom. We shared with the members of
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each team the link to the starter board that we have created for them beforehand. And, we let the
participants work on the activity for 40 minutes .

5.6.5 Closing. After each SUB-STUDY: DESIGN and FEEDBACK, we administered a small POST-SURVEY
to collect participants’ EMOTION and COGNITIVE LOAD.

5.7 Overview of Data Collection and Analysis

In both studies, we had 8 teams in the process structuring condition and 7 teams in the structure-free
condition.

e We collected the participants’ results from the DESIGN and peer FEEDBACK sub-studies (Miro
boards). We collected 15 design solutions (sub-study #1) and 15 feedback reports (sub-study
#2).

e We collected the participants’ self-reports, 40 responses to the PRE-SURVEY (a priori, sub-study
#1-2), 39 responses to the post-survey of DESIGN activity (post-hoc, sub-study #1), and 38
responses to the post-survey of FEEDBACK activity (post-hoc, sub-study #2). Three participants
did not complete the post-surveys (sub-study #1-2). However, having 38 responses was
representative for descriptive and statistical analysis.

5.7.1 Coding Ideas. We coded FLUENCY, ORIGINALITY, and FLEXIBILITY of ideas using the following
definitions:

« FLUENCY: refers to the level of ease or proficiency in processing inputs and producing outputs
[90]. It encompasses input fluency and output fluency. In this paper, we focus on output fluency,
which represents someone’s capacity to produce a large number of creative or relevant ideas in
response to a specific situation or problem.

« ORIGINALITY: refers to the pertinence, novelty, and rarity of ideas [75]. It quantifies the unique-
ness and cleverness of ideas, emphasizing their less frequent occurrence while still being valuable
and relevant to the subject. Original ideas stand out from existing or conventional ideas, offering
fresh perspectives or approaches.

 FLEXIBILITY: relates to the conceptual categories and shifts in thinking underlying ideas or
solutions [75]. It indicates an individual’s capacity to think, adapt, and explore different perspectives,
approaches, or solutions. It demonstrates a departure from conventional or rigid thinking for a
given problem or situation, highlighting the ability to embrace new thinking strategies.

Coding DESIGN Ideas:

We extracted all design ideas from the solutions on the Miro boards (for each team). We checked
all ideas for validity. We removed duplicate ideas and corrected spelling issues. We found that some
participants spelled some words, while others abbreviated them. We, therefore, spelled abbreviations.
We used Hunspell spell checker to perform a dictionary-based check of ideas’ spelling in R [67].
We tagged the ten initial ideas that we provided participants for stimulation (nine design concepts
plus the main idea “Classroom 2.0” or “Hybrid meeting room”). Then, we coded fluency, originality,
and flexibility of design ideas using a similar approach to [e.g., 13, 21, 45, 72].

— Fluency: all generated ideas without duplicate and ten initial ideas.

— Originality: We qualified original ideas in two ways: qualitatively and quantitatively. First, we
qualitatively coded original ideas through novelty, uniqueness, or rarity of ideas. Second, we used
Natural Language Processing (NLP) approaches to quantify the rarity scores of ideas. We quantified
the originality of ideas by computing a rarity score as the sum of the frequency of each idea’s stem
words. After cleaning up misspellings and abbreviations, we tokenized each idea using 1-gram
(one word). We removed stop-words. In NLP, stop-words are common words of a language, such as
articles and prepositions. We used Hunspell to perform a dictionary-based stemming of each idea’s
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words [67]. Stemming unifies the wording used for ideas. Next, we computed the frequency of
each stem word in each condition. We then categorized the frequency scores into three categories
using a similar approach to [13]. Stem words of a frequency between [1, 3] had a score of 5 (i.e.,
highly rare). Stem words of a frequency between [4, 5] had a score of 3 (i.e., rare). Stem words of a
frequency between [6, 8] had a score of 1 (i.e., frequent). And finally, we computed the rarity score
of each idea as the sum of the frequency scores of its stem words.

— Flexibility: We coded conceptual categories of generated ideas, indicating shifts in thinking un-
derlying ideas. Specifically, we piled ideas into conceptual categories using thematic analysis [11].
Examples of categories include: “Category ‘user feedback’ derived from ideas: ‘student feedback’,
‘parent feedback’, ‘teacher feedback’ —C2G1”; “category ‘software’ derived from ideas: ‘Powerpoint’,
‘Excel’, ‘presentation software’, ‘software’ -C1G5”. “category ‘automation’ derived from ideas: ‘smart
thermostats’, ‘motion sensor’, ‘connected light bulb’, ‘home automation’ —C1G7” “category ‘connectiv-
ity’ derived from ideas: ‘RJ45°, ‘HDMI cables’, ‘Multi plugs’, ‘Bluetooth’, ‘connectivity’, ‘WIFI Router’,
‘WIFI network’, ‘connected glasses’ —C1G4”. “category ‘gamified learning’ derived from ideas: ‘playful
learning’, ‘coding games’ —C2G3’.

— Inter-Rater Agreement : We discussed and applied the coding scheme on a few DESIGN solutions.
Then, the two authors coded separately all the collected DESIGN data. We found a percent agreement
(PA) = 100% in the fluency, PA = 96,31% for originality, and an PA = 74,17% for flexibility. Then, we
discussed disagreements to reach a consensus.

Coding Peer FEEDBACK Ideas:

We extracted all feedback ideas from the feedback reports written by participants for their peers
on the Miro board. We checked all ideas for validity. We corrected spelling and minor punctuation
issues. Then, we coded fluency, originality, and flexibility of feedback ideas, using a similar approach
to [e.g., 21, 45, 72].

To capture the FLEXIBILITY of the FEEDBACK (sub-study #2), we analyzed the principles for
representing information that participants highlighted as necessary in their peer feedback. These
principles include hierarchy, centrality, categorization, visual appeal, and color.

In addition, we used a similar approach to [30, 46], and coded feedback units (utterances) into
four categories, namely Socio-AFFECT (motivational or emotional), the level of Focus (summative
or formative), the TARGET of the feedback (content, structure, relation), and the NATURE of the
feedback (correction, evaluation, brainstorming, interpretation, recommendation, or reflection). We
developed feedback categories, in particular, the TARGET and NATURE through a bottom-up thematic
analysis [11]. When exploring the feedback reports, we found that the participants highlighted
aspects of contents, structures, and relationships — we named this category TARGET of feedback.
Content captures elements, parts, and components of group outcome. Structure captures how the
elements of an outcome are organized. Relation captures how different elements are related or
connected to one another. Similarly, we found that the participants corrected aspects of the outcome
of their peers, evaluated aspects of the outcome, brainstormed about new ideas, interpreted what
they saw, recommended new ideas, or reflected on aspects of the outcome —we named this category
NATURE of feedback.

— Fluency: First, we qualitatively coded fluency of feedback through the units or utterances of
feedback. We considered a unit as the smallest sentence piece with a clear ending (or pause) [30,
p- 9]. Second, we quantitatively quantified fluency of feedback ideas as the count of words in each
feedback report. We considered both feedback report with and without stop-words.

— Originality: We coded original ideas through each feedback unit’s novelty, uniqueness, or rarity
(utterance).
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— Flexibility: We coded conceptual categories of generated ideas indicating shifts in thinking
underlying ideas.

« First, we coded information mapping principles that participants indicated in their peer feedback
ideas, such as organization, categorization, relations, hierarchy, color, shape, size, similarity, salience,
visual appeal, imagery, and readability. Below are examples of this coding.

- Hierarchy: “The first thing that stands out are the colors, they separate the different depths of the
diagram well. —C2G4”, “The idea of setting up a hierarchy in this diagram could be a good improvement
for our representation. —C2G1%;

- Centrality: “The most important elements are well highlighted. —C2G6” “[...] although the hierarchy
shows ideas better, the diagram lacks a central point, an original idea that is developed. —C1G2”

- Categorization: “A more organized arrangement according to categories rather than free space is
necessary for a better visualization of the diagram. - C1G8”, “Several ideas can certainly be grouped in
larger categories [...] —C2G2”

- Visual appeal: “The use of images is a good plus and makes the reading more pleasant —C2G6”,
“The graphical aspect should be reviewed because the ideas are good but poorly displayed graphically.
-C2G4’.

- Color: “A more visual representation would have been possible with more shapes and colors. —C1G5”,
“The shapes and colors are similar, they improve the understanding of the diagram and make salient
the visual hierarchy. - C2G1”

« Second, we coded Soc10-AFFECT, Focus, TARGET, and NATURE of feedback. Below are examples
of this coding.

- Affect: We coded feedback ideas with a salient motivational (e.g., “It’s a complete work that we
think could have benefited from a few minor tweaks. —C1G6”) or emotional “This one is attractive,
colorful and looks complete. —C2G6” statement.

- Focus: We coded specificity of feedback ideas, highlighting general aspects (summative, e.g., “Some
concepts could have been developed further. —C2G3”) or explaining specific aspects (formative, e.g.,
“Information about different learning methods is missing, for example, for the different types of classes.
—C2G7”).

- Target: We coded the target of feedback ideas, namely parts or components of the outcomes
(content, e.g., “Tt would be interesting to evoke for example the use of artificial intelligence, new
methods of learning and research. —C2G1”), organizations of various parts (structure, e.g., “This
good hierarchy thus helps the general understanding of the topic. —C2G1”), or relationships between
various parts (relation, e.g., “The links are not very meaningful, they should better explain what is
implied (rather than a simple keyword, sentences would be better). —C2G5”).

- Nature: We coded the nature of feedback ideas, namely statements about good ways to do something
(correction, e.g., “Categories should be grouped together: Internet, Smartphones, AL, Audiovisual are all
similar. —C1G1”), statements about what was done correctly or incorrectly (evaluation, e.g., “The
content is precise and very complete, although the general organization does not emphasize it. —C1G8”),
statements about new possibilities (brainstorming, e.g., “Several ideas can most certainly be grouped
into a larger category, containing all of the ideas [...]. —C2G2”), statements about making sense
(interpretation, e.g., “We understand that ‘Internet’ is at the center of the schema, so it is at the center
of the ‘Classroom 2..” —C2G3”), statements about suggestions (recommendation, e.g., “Similarly, for
"learning tools", it is too vague, it could be detailed a little more. —C2G7”), and statements where
participants reflect on their work or the work of their peers (reflection, e.g., “They have come up
with a lot of interesting ideas that can be implemented in a hybrid meeting room. —C1G7”).
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— Inter-Rater Agreement: We discussed and applied the coding scheme on a few feedback reports.
Then, the two authors coded separately all the reports. We found a percentage agreement (PA) =
94,64% for fluency, PA = 97,17% for originality, PA = 52,94% for flexibility, PA = 100% for affect, PA
= 95,41% for focus, PA = 86,77% for target, and PA = 86,32% for nature of feedback ideas. Then, we
discussed disagreements to reach a consensus.

6 RESULTS

We report and interpret our results using both p-values for statistical significance and effect sizes
for quantifying the main difference between groups (small: < .3, moderate: .3 - .5, large: > .5),
with a 95% confidence interval [14, 80]. We planned most analyses before the study. We report
boxplots with the median, 1st quartile (25%), 3rd quartile (75%), the minimum and maximum
(whiskers), and outliers. We used a nonparametric Mann-Whitney U test for two-way analyses
of count data [96]. The count data analysis is summarized over each team, i.e., a between-subject
design. Thus, observations are independent, appropriate for Mann-Whitney U test. We used the
Generalized Linear Mixed-effects Model (GLMM) for factorial analyses of count data [10]. We used
nonparametric factorial analyses of variance of participants’ Likert ratings using the Aligned Rank
Transform (ART) [95]. Study materials, including the collected data and a notebook of analyses (in
R), are available as supplementary material to this submission (see: [28, 29]).

6.1 The Participants’ Demographics, Backgrounds, and Team Sizes

6.1.1 Demographics. A total of 40 (N = 40) partici- Table 1. Demographic Comparison Between
pants participated in the study (Table 1). We adminis- Participants in Both Conditions and Sub-
tered a PRE-SURVEY (a priori) to quantify participants’ studies .

DEMOGRAPHICS and BACKGROUND in terms of visu-
ospatial LITERACY, COLLABORATION, CREATIVITY, as
well as giving and receiving FEEDBACK. Questions

Factor Level Proc. Structuring

WITHOUT WITH

were handled on five-points Likert scales (see pre-  Gender Female 1 1
survey in appendix D). All participants answered the Male 18 20
pre-survey. Age 25 0 1
We conduct nonparametric factorial analyses of 20-25 16 17
variance of participants’ ratings using the Aligned <20 3 3

Rank Transform (ART) procedure [95]. We used Con-
DITION and BACKGROUND as fixed effects. We used
the participant as a random effect. A 2x2 analysis
of the Likert scores (dependent variable) with re- \:3:2 participant (Male) was absent during the pesicn activity in the
spect to the CoNpITION and GENDER (independent '

variables) showed that there is no main difference of Likert scores in both the ConNDITION
(F136 = 2.883,p = .098) and the GENDER (Fi 3¢ = .134,p = .715). Similarly, the results showed
that there is no main difference of Likert scores in both the CoNDITION (F; 35 = 1.588, p = .215) and
the AGE (Fy35 = .764, p = .473). We conclude the participants in both conditions were similar in
their backgrounds with respect to both age and gender.

Sub-study Design 18 21
Feedback 19 21

6.1.2  Backgrounds. We conducted a 2x4 analysis of the Likert scores with respect to CONDITION
and the BACKGROUND (Figure 4). The results showed that there is a main difference of Likert scores
in both the CONDITION (F; 42 = 3.762,p = .059) and the BACKGROUND (F3 554 = 7.315,p < .001).
We conducted post-hoc pairwise comparisons, using Holm-Bonferroni for adjustments [39]. The
results showed no significant difference in the ConDITION for LITERACY (p = n.s), and FEEDBACK
(p = n.s), CREATIVITY (p = n.s). However, participants in the WITH PROCESS STRUCTURING rater
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significantly lower in their perceptions toward coLLABORATION level (Estimate = -95.16, SE = 29.6, t
=-3.218, p = .037), as demonstrated by Figure 4.

In sum, the only significant difference in partici- Condifion ™ With ™8 Without

Participants' Backgrounds

)

pants’ backgrounds was in collaborative perceptions, £’
which happened to be “interesting” for our study be-
cause the group who rated higher was the group in ;53
the structure-free condition. Background in corraBo- %,

RATION will not be a confounding factor if the PROCESS
STRUCTURING condition yields higher group work pro-

. 0 .

duchItY' Literacy Creativity Collaboration Feedback

613 Team Sizes. We conducted a  two- Fig. 4.’ A boxplot comparison between partici-
. . . pants’ self-reported (a priori) backgrounds.

way analysis of the relationship between

the participants’ TEam Size and their FLU-

ENcY of ideas, across both sub-studies DESIGN and FEEDBACK (Figure 5). The in-

dependent variable was the Team Size, with two levels: pyap and TRiAD. The

dependent variable was participants’ FLUENCY of ideas (DESIGN + FEEDBACK).

Mann-Whitney U test showed that there is no significant difference between pYAD and TRIAD
(p = .870). The r effect size showed a small difference (r = .054, 95% CI of [-.445, .552]). As Figure 5
demonstrates, looking at the median, overall, dyads were as productive as triads in terms of FLUENCY
of ideas. Looking at the upper interquartile range, overall, FLUENCY of ideas of dyads seems to be
higher than triads. A percentile test showed no significant difference in 25% (p = n.s), 50% (p = n.s),
75% (p = n.s) percentiles between DYAD and TRIAD.

6.2 H1: PROCESS STRUCTURING Yields Greater Productivity in FLUENCY, FLEXIBILITY, and
ORIGINALITY in DESIGN Activity

Fluency of Ideas and Team Sizes Size €3 Dyad E3 Triad

We conduct a two-way analysis to examine the main effect
of the CONDITION: WITH and WITHOUT on participants’ FLU-
ENCY, FLEXIBILITY, and ORIGINALITY of DESIGN ideas.

I
oS

6.2.1 Similarity of DESIGN Ideas Between Conditions. We an-
alyzed similarity of DESIGN ideas between CONDITION: WITH
and wiTHOUT. To better capture similarities, we analyzed

o
o

ideas’ stem words with and without stem words of the 10
initial ideas. The results using Pearson correlation coefficient
[14] and Holm-Bonferroni for adjustments [39], showed small

E

Without

Fluency of Design + Feedback Ideas

Fig. 5. A boxplot comparison between

effect sizes: with initial ideas (r = 0.216, p < .0001, 95% CI
of [.122, 0.305]) and without (r = 0.169, p < .0001, 95% CI of
[.074, .260]). These results suggest that DESIGN ideas between treatment and control groups were
not highly correlated. The smaller correlation is quite normal given the semantic similarity between
the subjects “Classroom 2.0” and “Hybrid Meeting Room”

dyads’ and triads’ FLUENCY of ideas.

6.2.2 FLUENCY of DESIGN Ideas. We analyzed the count of new ideas generate by each team in both
conditions (Figure 6-A). As reported in section 5.7, new ideas are all generated ideas except (1)
duplicate ideas + (2) ten initial ideas that we provided participants for elicitation.

We analyzed the number of new ideas using Mann-Whitney U test. The results showed that there
is a significant difference (p = .007) in the FLUENCY of DESIGN ideas between the CONDITION’s levels:
WITHOUT and WITH PROCESS STRUCTURE. We calculated the common effect size r for Mann-Whitney
U test to quantify the amount of difference between the two conditions. The effect size r is the
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Fluency, Originality, and Flexibility of Design Ideas Condition ™ With Without
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Fig. 6. A comparison between teams’ FLUENCY, ORIGINALITY (qualitative and quantitative), and FLEXIBILITY
of DESIGN ideas in both conditions: wiITHOUT and WITH PROCESS STRUCTURING. Left is the r effect size for
Mann-Whitney U test. The middle boxplot compares CoNDITION’s levels. The right barplot compares teams.

standardized test statistic (from the test) divided by the total number of observations. The results
showed a large effect size (r = .702, 95% CI of [.325, .849]).

6.2.3 ORIGINALITY of DESIGN Ideas. We analyzed the count of original ideas generated by each
team in both conditions (Figure 6-B). As reported in section 5.7, we qualified original ideas in two
ways: qualitatively and quantitatively. First, we qualitatively coded original ideas through novelty,
uniqueness, or rarity in each CoNDITION. Second, we quantitatively quantified original ideas by
computing a rarity score as the sum of the frequency of each idea’s stem words.

The results of Mann-Whitney U test showed that there is a significant difference (p = .001) in the
ORIGINALITY of DESIGN ideas qualitative quantified between the two conditions and a large effect
size (r = .831, 95% CI of [.674, .868]). Similarly, the results showed that there is a significant difference
(p = .009) in the ORIGINALITY of DESIGN ideas quantitatively quantified and large effect size (r =
.658,95% CI of [.244 .844]). A meta-analysis of both qualitative and quantitative ORIGINALITY shows
a large effect size (r%°¢799¢4 = 744),

6.2.4  FLEXIBILITY of DESIGN ldeas. We analyzed the count of conceptual categories of ideas generated
by the teams (Figure 6-B). As reported in section 5.7, conceptual categories indicate the number of
shifts in thinking underlying ideas.

The results of Mann-Whitney U test showed that there is a significant difference (p = .023) in
the FLEXIBILITY of DESIGN ideas between the two conditions and a large effect size (r = .599, 95% CI
of [.133, .831]).

6.3 H2: PrOCESS STRUCTURING Yields Greater Productivity In Quality of FEEDBACK Ideas
(i.e., ORIGINALITY, FLEXIBILITY, SOCIO-AFFECT, Focus, TARGET, and NATURE) but not in
Quantity (i.e., FLUENCY)

We conduct a two-way analysis to examine the main effect of the CoNpITION On participants’

FEEDBACK ideas.
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6.3.1 FLUENCY of FEEDBACK Ideas. As reported in section 5.7, we qualified FLUENCY of FEEDBACK
ideas in two ways: qualitatively and quantitatively (Figure 7). First, we qualitatively coded feedback
units for each team’s peer feedback report. We coded a feedback unit as an utterance, i.e., the
smallest piece of a sentence with a clear ending (or pause) and full meaning [30, p. 9]. Second, we
qualitatively quantified FLUENCY of FEEDBACK ideas as the count of words in each team’s feedback
report. We considered both: with and without stop-words.

The results of Mann-Whitney U test showed that there is no significant difference (p = n.s), for
the three measures: (1) the count of feedback units (utterances), (2) the count of words, and the
count of terms (without stop-words). The results showed a small (negative) effect size for the count
of feedback utterances (r = -.106, 95% CI of [-.643, .429]), a small effect size for the count of terms (r
=.21,95% CI of [-.338, .617]), and a moderate effect size of the count of words (r = .387, 95% CI of
[-.121, .767]) and small effect size of the count of terms (r = .25, 95% CI of [-.307, .615]).

We found that the participants in process-structuring made longer argumentative feedback
ideas (see the number of words in Figure 7-A); however, this resulted in fewer feedback units
(utterances) compared to the structure-free condition. Thus, comparing the length of feedback
reports (i.e., number of words) reflects more accurately the feedback fluency between the two
conditions, especially when the FEEDBACK activity was (1) goal-directed (i.e., we asked participants
to produce at least 200 words) and (2) conducted in a shorter timeframe compared to the DESIGN
activity. A meta-analysis of both qualitative and quantitative FLUENCY shows a small effect size
(raveraged = .177).

6.3.2  ORIGINALITY of FEEDBACK Ideas. We analyzed the count of original ideas of feedback generate
by each team in both conditions (Figure 7-D). As reported in section 5.7, we qualitatively coded
original ideas through the novelty, uniqueness, or rarity of each feedback unit (utterance), in each
CONDITION.

The results of Mann-Whitney U test showed that there is a significant difference (p = .030) in
the ORIGINALITY of FEEDBACK ideas between the two conditions. The results showed a large effect
size (r = .573, 95% CI of [.095, .837]).

=

3

Count of Feedback Ideas

o

6.3.3 FLEXIBILITY of FEEDBACK ldeas. We analyzed the count of conceptual categories of feedback
ideas generated by each team in both conditions (Figure 7-E). As reported in section 5.7, we
qualitatively coded information mapping principles that participants indicated in their peer feedback
ideas, in each CONDITION. Affect, Focus, Nature, Target of Feedback Ideas Condition & With & Without

The results Mann-Whitney U test showed that .
there is a significant difference (p = .015) in the
FLEXIBILITY of FEEDBACK ideas between the two E éﬁ
conditions. The results showed a large effect size = ﬁ
(r = .643, 95% CI of [.271, .842]). =

Affect Focus Nature Target

6.3.4 Socio-AFFECT, Focus, TARGET, and NATURE Fig. 8. A boxplot comparison between participants’
of FEEDBACK ldeas. We conduct a 2x4 factorial anal- reepBAck ideas in terms of socIO-AFFECT, FOCUs,
ysis to examine the main effect of the CONDITION TARGET, and NATURE.
on participants’ peer FEEDBACK CATEGORY (Figure 8). As reported in section 5.7, we qualitatively
coded feedback units (utterances) into four categories, namely soc1o-AFFECT (motivational, emo-
tional), Focus (summative, formative), TARGET (content, structure, relation), and NATURE (correction,
evaluation, brainstorming, interpretation, recommendation, and reflection).

We analyzed the number of feedback ideas using a Generalized Linear Mixed-effects Model
(GLMM) analysis [10], with two fixed effects: ConDITION and FEEDBACK CATEGORY. We used a TEAM
as a random effect. GLMM does not require the normality assumptions of data. GLMM handles the
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Fig. 7. A comparison between teams’ FLUENCY (quantitative and qualitative), ORIGINALITY, and FLEXIBILITY
of FEEDBACK ideas in both conditions: wITHOUT and WITH PROCESS STRUCTURING. Left is the r effect size for
Mann-Whitney U test. The middle boxplot compares CoNDITION’s levels. The right barplot compares teams.

dependencies of the data within subjects (i.e., teams). We verified the five assumptions required to
validate the good fit of a GLMM model [10].

The results showed a significant effect of Condition Affect, Focus, Natu,iffﬁf.ﬁ:f;et of Feedback Ideas
(x%(1) = 7.958,p = .004) and a significant effect of With - Without Process Structuring
FEEDBACK CATEGORY (y?(3) = 51.216,p < .001) on With - Without Affect ——
number of feedback ideas. The interaction between )

With - Without Focus —

CoNDITION and FEEDBACK was significant (y?(3) =
7.717, p = .052). We conducted post-hoc pairwise com- With - Without Nature ~~ —e—

parisons to compare the number of feedback ideas

per CATEGORY in both conditions. We used Holm- Wit - Without Target 0_°_ ) )
Bonferroni for adjustments [39]. The results showed Cohen's d
that PROCESS STRUCTURING yields significantly more ~Fig-9- Cohen’deffect sizes of difference in Feep-
soc10-AFFECT language feedback (Estimate = 1.663, PACK categories in both conditions wih - wiTH-
SE = .589, z = 2.822, p = .004) and Focus feedback °OUT PROCESS STRUCTURING.

(Estimate = .537, SE = .247, z = 2.173, p = .029) compared to structure-free process condition. The
results showed that there is no significant difference in the TARGET (Estimate = .195, SE = .249, z =
2.173, p = .433) and the NATURE (Estimate = .226, SE = .236, z = .960, p = .336) of the feedback.

As demonstrated in Figure 9, we calculated Cohen’s d, the standardized mean difference [14]
by dividing estimated differences by the residual standard deviation suggested as effect size [32].
The results showed a large difference for socio-arrecT language (d = 2.304), a large difference
for rocus feedback (d = .744), moderate difference for NATURE of feedback (d = .314), and small
difference for TARGET (d = .270).
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Use of Initial Design Ideas Condition B With I Without
Effect Size (r=-.534, p=.043)  Overview By Conditions Overview By Teams
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Fig. 10. A comparison between teams’ PRIMING of initial ideas in both conditions: wiTHOUT and WITH PROCESS
STRUCTURING. Left is r effect size for Mann-Whitney U test. The results showed a significant difference between
levels of ConDITION (p = .043) and large effect size (r = -.534). The middle boxplot compares CONDITION’s
levels. The right barplot compares teams.

6.4 H3: PROCESS STRUCTURING Attenuates Negative Priming, Fixation, and Social
Comparison, Resulting in Productivity Gain

6.4.1  Extrinsic Social Comparison. We analyzed the relationship between the ORIGINALITY of FEED-
BACK ideas and FLUENCY of DESIGN ideas of peers (Figure 11). As reported in section 5, participants
wrote feedback reports about their peer teams’ design solutions. The results of correlation, using
Pearson coefficient [14] and Holm-Bonferroni for adjustments [39], showed that the ORIGINALITY
of FEEDBACK ideas was significantly correlated to the FLUENCY of DESIGN ideas with a large effect
size (r = .627, p = .012, 95% CI of [.169, .862]). As demonstrated by Figure 11, the correlation was
negatively moderated for the group with structure-free process and positively moderated for the
group with process structuring.

6.4.2 Negative Priming and Fixation on Familiar Ideas. We conduct a two-way analysis to examine
the main effect of the CoNDITION on participants’ use of initial ideas that we provided them for
stimulation in the DESIGN activity (Figure 10).

The results of Mann-Whitney U test showed that there is a significant difference in the PRIMING
(p = .043) and a large (negative) effect size (r = -.534, 95% CI of [-.855, -.093]).

We analyzed the relationship between the PRIMING and oRIGINALITY of ideas (Figure 12). The
results of correlation, using Pearson coefficient [14] and Holm-Bonferroni for adjustments [39],
showed a strong negative correlation between using initial ideas (priming) and the ORIGINALITY
of DESIGN ideas, with a large effect size (r = -.625, p = .016, with 95% CI of [-.867, -.141]). The
correlation is mainly due to the significant difference in using initial ideas between the participants

Design and Feedback Ideas
Across the Three Stages of the Process

Process © IAG ® CIAE © CIM
50 ‘(

-]

10 40

Correlation Between Originality of Feedback Ideas Correlation Between Originality and Use of Initial Ideas
and Fluency of Peers' Design Ideas Effect Size (r = -.625, p =.016)

Effect Size (r = .627, p = .012) Condition ~ With Without
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Fig. 11. Linear regression compar- Fig. 12. Linear regression compar- Fig. 13. Comparison between par-
ison between ORIGINALITY of FEED- ison between PRIMING of initial ticipants’ ideas across the three
BACK ideas and FLUENCY of peers’ ideas and ORIGINALITY of ideas, stages of process structuring (IAG
design ideas. without C2G4 outlier (Figure 10). (N =8), CIAE (N =7), CIM (N = 8)).
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in both conditions. As demonstrated by Figure 12, the originality of DEsIGN ideas was not moderated
by the priming of initial ideas in the WITH PROCESS STRUCTURING condition; the opposite was true
for the WITHOUT PROCESS STRUCTURING condition.

We analyzed the number of ideas generated by the participants across the three stages of the
process: individual idea generation (IAG), collaborative idea association and evaluation (CIAE), and
collaborative idea mapping (CIM) (Figure 13). As reported in the procedure (section 5.6.3), in the
CONDITION WITH PROCESS STRUCTURING, the participants used three separate Miro frames, one
for each stage of the process (on the same whiteboard, see Figure 2). One team (C1G6) continued
working on the Miro frame of IAG during CIAE. Four teams dropped ideas during CIAE, the number
of dropped ideas was: 66% (C1G3), 49% (C1G2), 34% (C1G5), 33% (C1G4). Three teams added ideas
during CIAE, the number of added ideas was: 32% (C1G8), 14% (C1G7), and 3% (C1G1).

We conducted a factorial analysis to examine the main effect of the process stages. We analyzed
the number of DEsSIGN ideas using a Generalized Linear Mixed-effects Model (GLMM) analysis [10],
with a fixed effect of ProcEss with three levels: 1AG, CIAE, ciM. We used the TEAM as random effect.
The results showed a main effect of the PRocEss factor (y?(2) = 14.392, p < .001). We conducted
post-hoc pairwise comparisons to compare the difference in the number of DESIGN ideas between
stages. We used Holm-Bonferroni for adjustments [39]. The results showed a significant difference
between 1AG - CIAE (Estimate = .292, SE = .082, z = 3.535, p = .001), a significant difference between
1AG - cIM (Estimate = .205, SE = .075, z = 2.708, p = .013). There was no significant difference between
CIAE - cIM (Estimate = -.087, SE = .086, z = -1.010, p = .312). Thus, in the PROCESS STRUCTURING
condition, the participants did not fixate on ideas, especially, between individual idea generation
and the two subsequent processes.

6.5 H4: PROCESs STRUCTURING Does Not Tax Collaborators Cognitively and Emotionally

We conduct a nonparametric factorial analysis of variance of participants’ post-hoc self-report
ratings (Figure 14) using the Aligned Rank Transform (ART) [95]. The analysis was a 2x2 analysis of
the Likert scores with respect to (1) ConpITION (fixed effect) with two levels (WiTH and wITHOUT
PROCESS STRUCTURING) and (2) POST-SURVEY CATEGORY (fixed effect) with two levels: EMOTION and
COGNITIVE LOAD. We used the subject (participant) as a random effect.

The results showed no significant dif-
ference of Likert scores in the CoNDI-

rticif ' Post-hoc E and Cognitive Load Condition & With & Without

e
[

Cognitive Load Emotion

TION (Fi43 = 1.341,p = .253). The re- 5 —
sults showed a significant difference of EA ‘ ‘
Likert scores in POST-SURVEY CATEGORY ~ & D ’

(F1227 = 44.857, p < .0001). The interac- #3

tion between the CONDITION and PosT- =, ‘ ‘ ‘

SURVEY CATEGORY was not significant
(Fy,227 = 0.537, p = .464). We conducted !

Design Feedback Design Feedback

post-hoc pairwise comparisons, using
Holm-Bonferroni for adjustments [39].
The results showed no significant differ-

Fig. 14. A boxplot comparison between participants’ post-hoc
self-report of cognitive load and emotion collected after each
activity.

ence between conditions (WITH - WITH-

OUT PROCESS STRUCTURING) for EMOTION (Estimate = -24.2, SE = 14.3, t = -1.694, p = .290) and
COGNITIVE LOAD (Estimate = -20.9, SE = 17.8, t= -1.171, p = .413).

7 DISCUSSION

We first summarize our results on the main effects of collaborative process structuring. In light
of our results, we discuss insight into the group folding effect and introduce implications and
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design recommendations for collaborative tools. We then reflect on the confounding factors and
limitations of the present study as well as suggestions for future work.

7.1 Effects of Collaborative Process Structuring

The results indicate that process structuring has a substantial effect on group work compared to
the structure-free condition. Process structuring yields greater productivity in both design and peer
feedback sub-studies. We designed both sub-studies to be generative and intellective in collaborative
design problem-solving. For the design sub-study, the difference between process structuring and
the structure-free condition was significant for fluency, originality, and flexibility of ideas. effect
sizes were large for fluency, originality (quantitatively and quantitative), and flexibility. Such results
validate the hypothesis H1.

We designed the feedback activity to be evaluative and goal-directed (in addition to being
generative and intellective). The difference in participants’ feedback fluency was not significant.
As predicted, participants aimed for the number of words we asked them for in their feedback
reports, constraining their fluency. Additionally, the time we provided the participants for the peer
feedback activity was half of the time provided for the design activity, also constraining participants’
fluency. We found that participants in the process structuring group made higher elaboration in
their feedback ideas (utterances or units), resulting in longer argumentative feedback ideas than
the structure-free group. The number of words and terms (stop-words excluded) was higher for
the participants in the process structuring condition; however, the count of their feedback units
was lower. The main difference in the originality and flexibility of feedback ideas was significant
between conditions, with a large effect size. The level of focus in feedback reports (summative
and formative) and the socio-affect language were significantly higher in the process structuring
condition. Although the target and the nature of feedback ideas were higher (moderate and small
effect sizes, respectively) in the process structuring condition compared to the structure-free one,
the differences were not significant. These findings suggest that goal-directed tasks performed
in shorter timeframes can hinder group work quantity (e.g., number of ideas or fluency) but not
quality (e.g., originality, flexibility, level of focus, and socio-affect in feedback), which validates the
hypothesis H2.

The results show that participants benefit from individual idea generation followed by collabora-
tive idea association and evaluation, subsequently followed by idea mapping, compared to working
on the activities in a structure-free manner. Related to our work, our results support and extend
two previous studies that showed that a hybrid form of individual-to-group was productive for
idea generation [6, 34].

We found that dyads were as productive as triads. There was no significant difference between
both team sizes, supporting the previous finding of a more negligible difference between groups of
four and dyads [64].

A promising result of our work relates to priming and fixation on initial ideas. The groups in the
process structuring used less the initial ideas that we provided them for cognitive elicitation. The
originality of their ideas was not moderated by the use of initial ideas in the process structuring
condition, while the opposite was true in the structure-free condition. It seems like individual
idea generation (first process’s stage) fostered divergent thinking, preventing group members
from focusing on a narrow set of familiar ideas. We recognize that fixation, sometimes, can be
desirable; for example, a teacher might want learners to fixate on specific ideas. However, fixation
is detrimental to brainstorming, design problem-solving, and creativity [73].

Another promising result of our work relates to social comparison. We found a negative effect
of what we call extrinsic upward comparison. Research highlights that it can benefit individuals to
compare themselves to higher-performing individuals [24, 56]. However, the social comparison
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was not self-driven but induced in the peer feedback activity by our setting. Each team had both
their design solution and the solution of their peer on the whiteboard when providing the feedback
(see Figure 3). We found a correlation between the originality of feedback ideas and the fluency of
peers’ design ideas. The correlation was positively moderated in the process structuring condition
and negatively moderated in the structure-free condition. One interpretation is that as the fluency
of the peers’ design solution increased, the participants in the structure-free condition found
less or had more difficulty coming up with original ideas for their peer feedback report. Another
interpretation could be that the participants in the structure-free condition were more intimidated
by the fluency of their peers’ design solutions, preventing them from a deeper exploration and
resulting in productivity loss. While these findings support the hypothesis H3, more research is
needed to pin down negative priming and social comparison in computer-supported group work,
especially given the nuanced interactions and complexities in group work.

At first, one could argue that process structuring can yield higher productivity, but at the expense
of the emotional experience and cognitive load. We found no significant difference between the
participants’ post-hoc self-reported emotional or cognitive load in both conditions and sub-studies.
These findings validate the hypothesis H4.

7.2 Folding Effect in Group Work Processes

Our findings show that groups with process structuring yields greater productivity, the group
without process structuring (at least) suffers process loss. Our observations combined with the
post-hoc survey indicate that the participants in both conditions were equally satisfied with their
performance (emotional satisfaction). They also showed equal cognitive load. However, groups in
process structuring were more productive in fluency, originality, and flexibility. Such a result might
point to what is known as the illusion of group productivity [74]. To a great extent, group members
are blind to their productivity (e.g., blind spot effect [60]). When asked to do so retrospectively,
what processes lead group members to feel confident of their performance, whether accurate or
not?

One could argue that perhaps the processes were not goal-directed (e.g., producing a fixed number
of ideas), in which case individuals might indeed feel appropriately happy with their performance
regardless of the achievements. There might be an interplay between generative and strategic
group work processes (a systematic examination of this is beyond the scope of this paper). However,
it might not be practical or desirable to set a clear fixed goal (e.g., creative work, brainstorming,
problem-solving). Additionally, in many domains of knowledge, the process of exploring a problem
space might be as crucial as a result. Setting a goal could have an inhibitor effect on the group
work, which was the case for the participants’ fluency in the peer feedback activity (sub-study #2).

Another explanation could be that group members’ metacognitive processes, i.e., “thinking
about thinking” for evaluating and regulating mental processes, fall short in accurately monitoring
group productivity. Limitations of our working memory can hinder metacognitive operations [51].
However, the more likely explanation is what is known as fluency bias [90]. At a metacognitive level,
when individuals feel at ease of processing information or that information is readily accessible in
their memory, they feel confident evaluating their knowledge and performance, even if inaccurate.

A third explanation is what we refer to as the folding effect: When work processes leverage
contextual, social, perceptual, and cognitive processes with interferences, individuals unwittingly
anchor on contextually salient and accessible information, overlooking other relevant but less
accessible information. In this view, the sociocognitive interferences and convergences in group
work processes can be seen as (meta)-cognitive filters that need to be reduced to a greater degree,
especially in the generative processes of group work (e.g., individual idea generation) to enable a
carry-over of group work productivity. Structuring group work processes can refocus individuals’
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attention on sub-processes, support managing processes’ time, reduce sociocognitive interferences,
and reduce sociocognitive premature convergences.

7.3 Implications and Design Recommendations for Collaborative Tools

Our research has practical implications and recommendations for HCI and CSCW research that we
introduce below.

7.3.1  Promote hybrid alternations of individual and group work to stimulate collaborators socio-
cognitively. At a higher level of process structuring, design and feedback sub-studies support
structuring scaffolds that alternate individual and group work. In our study, we manually designed
different structuring scaffolds using Miro whiteboards to support such an alternation. We asked
the participants to write their ideas on sheets of paper during individual work before typing
their ideas for collaborative work. Our results suggest that individual work freed members from
negative priming, fixation, downward comparison, production blocking, and potentially evaluation
apprehension and free-riding. Collaborative work fostered group synergy, persistence, upward
comparison, and convergent thinking. In addition, our results support a positive cost-benefit of such
an alternation. While members might not benefit from group idea exchange during individual work,
the overall productivity gain can be higher due to a carry-over and an elevation of productivity
with alterations.

We recommend that designers provide flexible and customizable interfaces so that users can
design scaffolds for different alternations of individual and collaborative work. Our scaffolds using
Micro were adhoc because Miro does not support alternating individual and collaborative work.
Tools should, as far as possible, provide ways to fine-tune alterations depending on the context
and the constraints at hand. For example, collaborative tools can allow users to allocate varying
time-frames for individual and collaborative work which can enable collaborators to deepen their
work individually and/or collaboratively. Advanced technological scaffolds might work best if
designed to strategically alternate and orchestrate individual and collaborative work, such as
listening, speaking, sharing, thinking with and about each other’s ideas, and producing shared
ideas.

7.3.2  Promote process structuring scaffolds that prevent socio-cognitive interferences. At a sub-
process level of process structuring, our results show that group members typically underperform
when multiple sub-processes were induced simultaneously (e.g., evaluation apprehension, produc-
tion blocking, social comparison), which was the case for both design and peer feedback sub-studies.
Our results show that a shared online whiteboard did not compensate for higher-level productivity
in the structure-free condition because collaborators can type ideas at will, suggesting that pro-
ductivity loss in this condition is mainly due to socio-cognitive processes’ interference. Once a
member in the structure-free group generated an idea, reactions from other members occurred.
Individuals needed to listen, speak, and think of a narrow set of ideas, making it harder to explore
the problem deeply and resulting in sub-optimal productivity. While listening and waiting to
interact, individuals might reevaluate or even forget their ideas, resulting in productivity loss [23].
On the other hand, structuring group work in a way to generate ideas at will (individually), then
collectively evaluating and associating ideas, and finally mapping the collective outcome, makes it
straightforward for collaborators to tape into less accessible ideas. Our results showed that this
process structuring yielded higher group productivity without taxing collaborators emotionally or
cognitively.

We recommend that designers place careful consideration of the contextual, social, perceptual,
and cognitive processes’ interference in the design and use of collaborative tools. Designing
collaborative tools (e.g., brainstorming whiteboards, writing interfaces) that separate and sequence
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group work processes in a manner to prevent interferences will reduce the inhibitory effects of the
group work and positively stimulate collaborators.

7.3.3  Promote process structuring scaffolds that prevent premature socio-cognitive convergences.
Group work dynamics can lead members toward premature sociocognitive convergences, consensus,
and conformity, resulting in focusing (and fixating) on a narrow set of ideas. Consistent with research
into problem-solving and decision-making, our results show that individuals in the structure-free
condition anchored their contributions to the group based on information that readily comes
to mind, essentially resulting in productivity loss. From one perspective, because of resource
rational bias and given the time and difficulty of identifying and processing additional useful
information, individuals tend to consider good enough (sub-optimal) productions [8]. From another
perspective, research has found that individuals typically underestimate and overestimate how
many ideas they will produce before exhausting a problem’s solution space, leaving their best
ideas undiscovered because of converging too early [50]. Relevant ideas or solutions occur with
persistence and deeper exploration. However, deeper exploration might not be readily accessible to
collaborators. Interestingly, our study shows that process structuring provides a sharp strategy to
support persistence and deeper exploration. Generating more alternatives (e.g., fluency) resulted in a
deeper exploration (e.g., originality and flexibility). Individual idea generation positively moderates
the divergent thinking of the group, enabling members to take unique perspectives. A lack of
divergent thinking might explain why participants in the structure-free condition converged on
initial ideas. Individuals tend to generate ideas within conceptual categories until they exhaust
accessible ideas. Then, they shift to other conceptual categories if stimulated; otherwise, they
anchor prematurely on what is contextually salient.

We recommend that designers provide process structuring scaffolds to support deeper explo-
rations of alternatives and less-accessible ideas in collaborative tools. Tools can guide users to
shift their thinking to explore different conceptual categories of a subject [e.g., 86]. Tools can
incrementally help users explore alternatives and prevent them from converging too early on good
enough (sub-optimal) productions. For example, in the process structuring condition, on average,
collaborators generated a larger number of ideas during the first stage (IAG). Then, they dropped a
significant number of ideas in the evaluation and association stage. And, they added a few more
ideas in the mapping stage. Although collaborators dropped a significant number of ideas when
comparing the first stage and third stages of the process, their productivity was still significantly
higher than in the structure-free condition. Thus, tools can foster users’ persistence to exhaust
solution space by alternating different strategies of thinking, e.g., generating ideas, associating
ideas, evaluating ideas, and mapping ideas. On the same note, we recommend that designers provide
scaffolds that, at the same time, support divergent [71] but also convergent thinking [20] (possibly,
according to users’ contextual constraints of time and resources).

7.3.4  Promote externalization scaffolds to map out and manage collaborative outcomes. Collaborative
work requires complex perceptual and cognitive resources and processes, including attention,
memory, and metacognition. Collaborators need to attend and build on each other’s ideas. They
need to identify and activate potentially helpful information from all available information. And,
they need to monitor internal (e.g., thinking, behaviors) and external (e.g., group interaction)
processes to self-direct their contributions to the group. Engaging in such complex processes
can be overwhelming for individuals during group work because of our perceptual and cognitive
limitations. In addition to the sociocognitive biases that group members face (discussed above),
we perceive a small visual field from one fixation to another, and we only hold a few items in the
working memory [51]. Our findings suggest that the number of ideas generated by the participants
in the process structuring condition would have been difficult to process without the support of
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shared mapping of group work. The use of a collaborative whiteboard created a shared repository
of ideas that individuals can access and manage with relative cognitive ease [78]. However, this
was useful to a great extent when individuals already generated various ideas before group work.
Individuals in the structure-free condition focused significantly on a narrow set of initial ideas.
Although the whiteboard might have supported collaborators by eliminating the need for an
internal representation of their ongoing group work, it might also have had an inhibitory effect on
individuals’ productivity in the structure-free condition. A shared whiteboard made information
contextually salient to the group, possibly at two expenses. It might have increased individuals’
focus on contextually salient information. Consequently, it might have increased the likelihood of
failing in retrieving additional ideas that were not evoked by the context [89]. Our results show a
moderating effect of initial ideas that we provided participants for stimulation. Participants in the
structure-free condition fixated more significantly on initial ideas than in the process structuring
condition. It is traditionally well-known in human-computer interaction research that contextual
awareness cues are crucial for collaborative work to stimulate information sharing and coordination.
However, the inhibitory effect of such information on group work is not examined extensively.

We recommend that designers provide scaffolds to map out and manage collaborative outcomes.
Such scaffolds can direct collaborators’ attention to essential information (e.g., create focal points),
augment memory (e.g., facilitate cognitive offloading), and organize actions (e.g., support cognitive
scaffolding). Further, externalization scaffolds can capture group outcomes and create a visual arti-
fact that supports further information processing and sharing, joint coordination, and negotiation
of ideas. We also recommend that designers bear in mind that shared external representations of
group work will make information salient to the collaborators, potentially resulting in a fixation
on contextually salient ideas.

7.4 Confounding Factors

While it is difficult, and in some cases impossible, to control for all confounding variables, especially
in field studies, we were careful in controlling the most critical variables. We were aware that having
different activities (tasks) in both conditions (treatment and control) would potentially confound the
results. However, having the same activity was not adequate in our settings (in-the-wild) because it
can result in confounding results in case participants between conditions shared their productions.
Instead, we proceed with a two-fold approach to control for the tasks’ differences. First, we designed
two identical DESIGN activities, but with two slightly different problem statements. We made sure
that both activities have the same scenario and level of difficulty. We changed five generic utterances
in the statements (see section 5.4.1). Four initial ideas were common in both subjects and the five
remaining ideas were relatively related conceptually. In addition, we designed the post-survey to
capture the emotional experience and cognitive load, which did not reveal any significant difference
between the participant post-hoc self-report (see results 6.5), suggesting that the activities were at
the same level from an instructional perspective. Second, we designed the FEEDBACK activity to
gather further empirical data about the effectiveness and generalizability of process structuring.
Combining results of DESIGN and FEEDBACK activities suggest that the difference in the results is
not due to differences in the tasks but most certainly the treatment (process structuring).
Another potential confounding variable could be that the participants between conditions shared
or talked about the content of the activities. This could have happened in sub-study #1 and sub-
study #2. We controlled this in two ways. As reported in the procedure (section 5.6), we kept the
participants unaware of the conditions of the study — we only disclosed the activity and the set
up for each group by the start of the activity. In addition, for both studies, we started with the
control group. The participants of the follow-up condition, certainly, were unaware of the treatment.
Second, because we used two slightly different problem statements in the DESIGN activity, in our
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view, even if the participants shared or talked about the content, this will not have a significant
impact on the study, mainly because the activity is generative and intellective and requires the
participants to mentally think in the context of the problem statement. Furthermore, our statistical
analysis showed marginal correlation effect sizes of stem words of DESIGN ideas between groups
(see results 6.2.1). Similarly, the FEEDBACK sub-study is evaluative in addition to being generative
and intellective and requires the participants to provide feedback on a design solution of their peers
within the group of which the subject is different from the other group.

We conducted the FEEDBACK activity four weeks after the DESIGN activity mainly for better
integration with the timetable of the course. In addition, we did not vary the tasks within each
condition to avoid confounding the results. Comparing eight or seven different tasks (i.e., the
number of groups within each condition) empirically would likely involve a mix of confounding
variables — it would have been challenging to accurately distill any differences in the results.
Another potential confounding factor could be that the participants in the treatment condition
showed higher productivity because they were asked to collaborate in three blocks (time segments).
The participants in the control condition worked in one block. We think that this is unlikely because
both groups were given the same amount of time in the study and participants in the two conditions
completed the tasks at about the same time.

7.5 Limitations and Future Work

The present study successfully showed effects and synergies between social, perceptual, and cogni-
tive processes involved in group work productivity. However, one could ask whether productivity
has occurred and which factors or stages yielded what effects. Addressing these two questions
precisely is not determined from this study because of the lack of control groups. It is possible
(most likely) that both groups suffered productivity loss. The current study results showed only
a productivity gain of process structuring compared to a structure-free condition. A complete
design would consider at least three more control groups, a group of individuals working alone,
another of individuals collaborating without a shared whiteboard, and more importantly, a group
of individuals collaborating in a sequence of three-time segments to match the three stages of the
process structuring condition. Such control groups will provide valuable empirical data to conclude
the effect of each aspect of the current study on group work. Future studies can collect participants’
interactions with the whiteboards to trace individuals’ contributions across the different stages of
the process. A main limitation of our work is gender diversity, which is known to have a significant
impact on group work [7]. Unfortunately, this was a contextual constrain of our setting —only
two women participated in our study. Our findings are, therefore, limited to groups of men. Future
studies can complete our results by examining the interplay between gender diversity and process
structuring. Our findings focused on group productivity (i.e., performance). Such findings can be
useful for future studies on group work strategies. Similarly, our study can inform future research
to close the loop on peer feedback and examine its receptivity in group work. In the individual idea
generation stage, we asked each participant to generate ideas on a sheet of paper first before typing
them on the whiteboard for the subsequent stages. We did so to prevent participants from exploring
each other ideas in the first stage. At the time of the study, there was no effective way to hide
collaborators’ content from one another on a shared Miro board. Participants in the structure-free
condition used the shared whiteboard directly; they did not generate ideas on a sheet of paper.
Future studies could use a whiteboard with more control parameters to control the used techniques.
Will current findings transfer to other design problems, activities, and contextual settings are yet
to be examined.
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8 CONCLUSION

Collaborating to achieve otherwise unattainable objectives is a unique attribute of human success
and intelligence. Thousands of people around the globe are spending their lives in groups collab-
orating on shared activities, for life and work, and on activities that can hardly be advanced by
individuals working alone. Their collaborations and interactions rely on productive idea exchange,
which involves complex contextual, social, perceptual, and cognitive processes and interferences.
Research into how group work processes interact with one another and what effects on group work
productivity are involved is limited in number and consensus.

We built upon previous research and articulated a process to support group work productivity
in a comprehensive collaborative design problem-solving: individual idea generation, collaborative
idea association and evaluation, and collaborative idea mapping. We conducted a field study with
40 participants (N = 40). We examined how processes structuring shaped group work productivity,
using two groups and two design-related sub-studies: conception of a design and peer feedback
on design solutions. The results showed that process structuring yielded greater productivity in
both design (generative and intellective) and peer feedback (evaluative and goal-directed) sub-
studies in terms of quantity and quality of ideas. Our findings indicated that process structuring
attenuated inhibitory effects of group work, namely negative priming, fixation on familiar ideas, and
social comparison. In sum, our work has shown effects and synergies between social, perceptual,
and cognitive processes involved in group work productivity. Careful consideration of processes’
interferences in group work can catalyze productivity. In light of our results and previous research,
we discussed implications to support productive group work processes in collaborative tools and
insights into a pattern of the group folding effect that might provide a conceptual umbrella for
process loss in group work. We hope our work provides a new perspective and knowledge platform
for future group work research. We hope our research helps spark new ideas to support group
work productivity.

REFERENCES

[1] Kellogg Insight 2016. A Clever Strategy to Combat Free Riding. Kellogg Insight. https://insight.kellogg.northwestern.
edu/article/a-clever-strategy-to-combat-freeriding

[2] Hosam Al-Samarraie and Noria Saeed. 2018. A systematic review of cloud computing tools for collaborative learning:
Opportunities and challenges to the blended-learning environment. Computers & Education 124 (2018), 77-91. https:
//doi.org/10.1016/j.compedu.2018.05.016

[3] Vamshi Ambati, Stephan Vogel, and Jaime Carbonell. 2012. Collaborative Workflow for Crowdsourcing Translation.
In Proceedings of the ACM 2012 Conference on Computer Supported Cooperative Work - CSCW °12. ACM Press, Seattle,
Washington, USA, 1191. https://doi.org/10.1145/2145204.2145382

[4] Linden J. Ball, Bo T. Christensen, and Kim Halskov. 2021. Sticky Notes as a Kind of Design Material: How Sticky Notes
Support Design Cognition and Design Collaboration. Design Studies 76 (Sept. 2021), 101034. https://doi.org/10/gmzj9r

[5] Henri Barki and Alain Pinsonneault. 2001. Small group brainstorming and idea quality: Is electronic brainstorming the
most effective approach? Small Group Research 32, 2 (2001), 158-205. https://doi.org/10.1177/104649640103200203

[6] Jonali Baruah and Paul B Paulus. 2008. Effects of training on idea generation in groups. Small Group Research 39, 5
(2008), 523-541. https://doi.org/10.1177/1046496408320049

[7] Julia B Bear and Anita Williams Woolley. 2011. The Role of Gender in Team Collaboration and Performance. Interdisci-
plinary Science Reviews 36, 2 (June 2011), 146-153. https://doi.org/10.1179/030801811X13013181961473

[8] Rahul Bhui, Lucy Lai, and Samuel ] Gershman. 2021. Resource-rational decision making. Current Opinion in Behavioral

Sciences 41 (2021), 15-21. https://doi.org/10.1016/j.cobeha.2021.02.015

Mark A Blythe and Peter C Wright. 2006. Pastiche scenarios: Fiction as a resource for user centred design. Interacting

with computers 18, 5 (2006), 1139-1164. https://doi.org/10.1016/j.intcom.2006.02.001

[10] Benjamin M Bolker, Mollie E Brooks, Connie J Clark, Shane W Geange, John R Poulsen, M Henry H Stevens, and

Jada-Simone S White. 2009. Generalized linear mixed models: a practical guide for ecology and evolution. Trends in
ecology & evolution 24, 3 (2009), 127-135. https://doi.org/10.1016/j.tree.2008.10.008

[9

—

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.


https://insight.kellogg.northwestern.edu/article/a-clever-strategy-to-combat-freeriding
https://insight.kellogg.northwestern.edu/article/a-clever-strategy-to-combat-freeriding
https://doi.org/10.1016/j.compedu.2018.05.016
https://doi.org/10.1016/j.compedu.2018.05.016
https://doi.org/10.1145/2145204.2145382
https://doi.org/10/gmzj9r
https://doi.org/10.1177/104649640103200203
https://doi.org/10.1177/1046496408320049
https://doi.org/10.1179/030801811X13013181961473
https://doi.org/10.1016/j.cobeha.2021.02.015
https://doi.org/10.1016/j.intcom.2006.02.001
https://doi.org/10.1016/j.tree.2008.10.008

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

[31]
[32]

[33]

[34]

[35]

Ez-zaouia and CARRILLO

Virginia Braun and Victoria Clarke. 2006. Using Thematic Analysis in Psychology. Qualitative research in psychology 3
(Jan. 2006), 77-101. https://doi.org/10/fswdcx

Tim Brown et al. 2008. Design Thinking. Harvard business review 86, 6 (2008), 84.

Yung-Yi Juliet Chou and Barbara Tversky. 2020. Changing perspective: Building creative mindsets. Cognitive science
44, 4 (2020), €12820. https://doi.org/10.1111/cogs.12820

Jacob Cohen. 2013. Statistical power analysis for the behavioral sciences. Routledge. https://doi.org/10.4324/
9780203771587

Amy Cook, Steven Dow, and Jessica Hammer. 2020. Designing Interactive Scaffolds to Encourage Reflection on Peer
Feedback. In Proceedings of the 2020 ACM Designing Interactive Systems Conference (Eindhoven Netherlands). ACM,
1143-1153. https://doi.org/10/gm3rxv

Hamit Coskun, Paul B Paulus, Vincent Brown, and Jeffrey ] Sherwood. 2000. Cognitive stimulation and problem
presentation in idea-generating groups. Group Dynamics: Theory, Research, and Practice 4, 4 (2000), 307. https:
//doi.org/10.1037/1089-2699.4.4.307

Jamie Costley and Christopher Lange. 2018. The moderating effects of group work on the relationship between
motivation and cognitive load. The International Review of Research in Open and Distributed Learning 19, 1 (2018).
https://doi.org/10.19173/irrodl.v19i1.3325

Design Council. 2007. The ‘Double Diamond’ Design Process Model. https://www.designcouncil.org.uk/our-work/skills-
learning/resources/11-lessons-managing-design-global-brands/

National Research Council et al. 2003. Beyond Productivity: Information Technology, Innovation, and Creativity. National
Academies Press. https://doi.org/10.17226/10671

Arthur Cropley. 2006. In praise of convergent thinking. Creativity research journal 18, 3 (2006), 391-404. https:
//doi.org/10.1207/s15326934crj1803_13

Alan R Dennis, Joseph S Valacich, Terry Connolly, and Bayard E Wynne. 1996. Process structuring in electronic
brainstorming. Information Systems Research 7, 2 (1996), 268-277. https://doi.org/10.1287/isre.7.2.268

Darleen M DeRosa, Carter L Smith, and Donald A Hantula. 2007. The medium matters: Mining the long-promised
merit of group interaction in creative idea generation tasks in a meta-analysis of the electronic group brainstorming
literature. Computers in human behavior 23, 3 (2007), 1549-1581. https://doi.org/10.1016/j.chb.2005.07.003

Michael Diehl and Wolfgang Stroebe. 1987. Productivity loss in brainstorming groups: Toward the solution of a riddle.
Journal of personality and social psychology 53, 3 (1987), 497. https://doi.org/10.1037/0022-3514.53.3.497

Pieternel Dijkstra, Hans Kuyper, Greetje Van der Werf, Abraham P Buunk, and Yvonne G van der Zee. 2008. Social
comparison in the classroom: A review. Review of educational research 78, 4 (2008), 828-879. https://doi.org/10.3102/
0034654308321210

Paul Dourish. 2003. The Appropriation of Interactive Technologies: Some Lessons from Placeless Documents. Computer
Supported Cooperative Work (CSCW) 12, 4 (Dec. 2003), 465-490. https://doi.org/10/dfnttk

Patti Drapeau. 2014. Sparking Student Creativity: Practical Ways to Promote Innovative Thinking and Problem Solving.
http://site.ebrary.com/id/10944423

Karen Leggett Dugosh, Paul B Paulus, Evelyn J Roland, and Huei-Chuan Yang. 2000. Cognitive stimulation in
brainstorming. Journal of personality and social psychology 79, 5 (2000), 722. https://doi.org/10/ctpp76

Mohamed Ez-zaouia and Rubiela Carrillo. 2023. Dataset - The Group Folding Effect: The Role of Collaborative Process
Structuring and Social Interaction in Group Work. https://doi.org/10.17605/OSF.I0/397K8

Mohamed Ez-zaouia and Rubiela Carrillo. 2023. Unfold-it: The Role of Collaborative Process Structuring. https:
//unfoldit.surge.sh/

Mohamed Ez-zaouia, Aurélien Tabard, and Elise Lavoué. 2020. Emodash: A Dashboard Supporting Retrospective
Awareness of Emotions in Online Learning. International Journal of Human-Computer Studies 139 (2020), 102411.
https://doi.org/10/gg84wr

Luke Feast. 2012. Professional Perspectives on Collaborative Design Work. CoDesign 8, 4 (Dec. 2012), 215-230.
https://doi.org/10.1080/15710882.2012.734828

Alan Feingold. 2013. A regression framework for effect size assessments in longitudinal modeling of group differences.
Review of General Psychology 17, 1 (2013), 111-121. https://doi.org/10.1037/a0030048

Charles F. Gettys, Rebecca M Pliske, Rebecca M. Pliske, Carol A. Manning, and Jeff T Casey. 1987. An Evaluation
of Human Act Generation Performance. Organizational Behavior and Human Decision Processes (1987). https:
//doi.org/10/cm7939

Karan Girotra, Christian Terwiesch, and Karl T. Ulrich. 2010. Idea Generation and the Quality of the Best Idea.
Management Science (2010). https://doi.org/10/bcgf58

Vlad-Petre Glaveanu. 2011. How Are We Creative Together? Comparing Sociocognitive and Sociocultural Answers.
Theory & Psychology 21, 4 (2011), 473-492. https://doi.org/10/bb3fxz

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.


https://doi.org/10/fswdcx
https://doi.org/10.1111/cogs.12820
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780203771587
https://doi.org/10/gm3rxv
https://doi.org/10.1037/1089-2699.4.4.307
https://doi.org/10.1037/1089-2699.4.4.307
https://doi.org/10.19173/irrodl.v19i1.3325
https://www.designcouncil.org.uk/our-work/skills-learning/resources/11-lessons-managing-design-global-brands/
https://www.designcouncil.org.uk/our-work/skills-learning/resources/11-lessons-managing-design-global-brands/
https://doi.org/10.17226/10671
https://doi.org/10.1207/s15326934crj1803_13
https://doi.org/10.1207/s15326934crj1803_13
https://doi.org/10.1287/isre.7.2.268
https://doi.org/10.1016/j.chb.2005.07.003
https://doi.org/10.1037/0022-3514.53.3.497
https://doi.org/10.3102/0034654308321210
https://doi.org/10.3102/0034654308321210
https://doi.org/10/dfnttk
http://site.ebrary.com/id/10944423
https://doi.org/10/ctpp76
https://doi.org/10.17605/OSF.IO/397K8
https://unfoldit.surge.sh/
https://unfoldit.surge.sh/
https://doi.org/10/gg84wr
https://doi.org/10.1080/15710882.2012.734828
https://doi.org/10.1037/a0030048
https://doi.org/10/cm7939
https://doi.org/10/cm7939
https://doi.org/10/bcgf58
https://doi.org/10/bb3fxz

The Role of Collaborative Process Structuring and Social Interaction in Group Work 1:37

[36]

[37

—

[38]
[39]

[40

[t

[41]

[42]

[43

—

[44]
[45]

[46

—

[47]

[48]

[49]
[50]
[51]
[52]

[53

[t

[54

=

[55]

[56

—

[57]

[58
[59

—_

[60

—

[61]

Julie Goldstein. 2001-05. Concept Mapping, Mind Mapping and Creativity: Documenting the Creative Process for
Computer Animators. ACM SIGGRAPH Computer Graphics 35, 2 (2001-05), 32-35. https://doi.org/10/c9mt37

Otmar Hilliges, Lucia Terrenghi, Sebastian Boring, David Kim, Hendrik Richter, and Andreas Butz. 2007. Designing for
Collaborative Creative Problem Solving. In Proceedings of the 6th ACM SIGCHI Conference on Creativity & Cognition -
C&C 07 (Washington, DC, USA). ACM Press, 137. https://doi.org/10/bv7df5

Martin Hoegl. 2005-05-01. Smaller Teams-Better Teamwork: How to Keep Project Teams Small. Business Horizons 48,
3(2005-05-01), 209-214. https://doi.org/10/cvbzsx

Sture Holm. 1979. A simple sequentially rejective multiple test procedure. Scandinavian journal of statistics (1979),
65-70.

Philip N Johnson-Laird. 2010-10-26. Mental Models and Human Reasoning. Proceedings of the National Academy of
Sciences 107, 43 (2010-10-26), 18243-18250. https://doi.org/10.1073/pnas.1012933107

Young-Wook Jung, Youn-kyung Lim, and Myung-suk Kim. 2017. Possibilities and Limitations of Online Document
Tools for Design Collaboration: The Case of Google Docs. In Proceedings of the 2017 ACM Conference on Computer
Supported Cooperative Work and Social Computing (Portland Oregon USA). ACM, 1096-1108. https://doi.org/10/gft27v
Steven J Karau and Kipling D Williams. 1993. Social loafing: A meta-analytic review and theoretical integration.
Journal of personality and social psychology 65, 4 (1993), 681. https://doi.org/10.1037/0022-3514.65.4.681

Stylianos Kavadias and Svenja C. Sommer. 2009. The Effects of Problem Structure and Team Diversity on Brainstorming
Effectiveness. Management Science 55, 12 (2009), 1899-1913. https://doi.org/10/c8rvj2

Nicholas W. Kohn, Paul B. Paulus, and YunHee Choi. 2011. Building on the Ideas of Others: An Examination of the
Idea Combination Process. Journal of Experimental Social Psychology (2011). https://doi.org/10/dnfxb6

Runa Korde and Paul B. Paulus. 2017-05. Alternating Individual and Group Idea Generation: Finding the Elusive
Synergy. Journal of Experimental Social Psychology 70 (2017-05), 177-190. https://doi.org/10/f94bb9

Sneha R. Krishna Kumaran, Deana C. McDonagh, and Brian P. Bailey. 2017-12-06. Increasing Quality and Involvement
in Online Peer Feedback Exchange. Proceedings of the ACM on Human-Computer Interaction 1 (2017-12-06), 1-18. Issue
CSCW. https://doi.org/10/gm42t2

Lassi A. Liikkanen and Matti Perttula. 2009. Exploring Problem Decomposition in Conceptual Design among Novice
Designers. Design Studies (2009). https://doi.org/10/dmchxx

Ching Liu, Juho Kim, and Hao-Chuan Wang. 2018. ConceptScape: Collaborative Concept Mapping for Video Learning.
In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. ACM, Montreal QC Canada, 1-12.
https://doi.org/10/ghn8xv

Marcial Losada, Pedro Sanchez, and Elizabeth E. Noble. 1990. Collaborative Technology and Group Process Feedback:
Their Impact on Interactive Sequences in Meetings. ACM Press. https://doi.org/10/b92rkp

Brian J. Lucas and Loran F. Nordgren. 2015. People underestimate the value of persistence for creative performance.
Journal of Personality and Social Psychology (2015). https://doi.org/10/f7p48z

Steven J. Luck and Edward K. Vogel. 2013-08. Visual Working Memory Capacity: From Psychophysics and Neurobiology
to Individual Differences. Trends in Cognitive Sciences 17, 8 (2013-08), 391-400. https://doi.org/10.1016/j.tics.2013.06.006
Narges Mahyar and Melanie Tory. 2014. Supporting Communication and Coordination in Collaborative Sensemaking.
IEEE Transactions on Visualization and Computer Graphics 20, 12 (2014), 1633-1642. https://doi.org/10/ggjbsn
Richard E. Mayer and Gabriel Estrella. 2014-10. Benefits of Emotional Design in Multimedia Instruction. Learning and
Instruction 33 (2014-10), 12-18. https://doi.org/10/gf4zw9

Michael B McGrath and Judith R Brown. 2005-09. Visual learning for science and engineering. IEEE Computer Graphics
and Applications 25, 5 (2005-09), 56-63. https://doi.org/10/dfrxfj

Sarnoff Mednick. 1962. The Associative Basis of the Creative Process. Psychological Review 69, 3 (1962), 220-232.
https://doi.org/10/dhqx4s

Nicolas Michinov, Eric Jamet, Natacha Métayer, and Benjamin Le Hénaff. 2015. The Eyes of Creativity: Impact of Social
Comparison and Individual Creativity on Performance and Attention to Others’ Ideas during Electronic Brainstorming.
Computers in Human Behavior 42 (2015), 57-67. https://doi.org/10/86v

Frances J. Milliken, Caroline A. Bartel, Terri R. Kurtzberg, and Terri R. Kurtzberg. 2003. Diversity and creativity in
work groups: A dynamic perspective on the affective and cognitive processes that link diversity and performance.
(2003). https://doi.org/10/d7xkvm

Miro.com. n.d.. Miro | Online Whiteboard for Visual Collaboration. https://miro.com

Karin S. Moser and Juliane E. Kdmmer. 2018-01-01. Collaboration Time Influences Information-Sharing at Work. Team
Performance Management: An International Journal 24, 1/2 (2018-01-01), 2-16. https://doi.org/10/gj9m27

Mitchell J. Nathan and Anthony Petrosino. 2003. Expert Blind Spot among Preservice Teachers. American Educational
Research Journal 40, 4 (2003), 905-928. https://doi.org/10/dw4zcr

Nora S. Newcombe and Thomas F. Shipley. 2015. Thinking about Spatial Thinking: New Typology, New Assessments.
In Studying Visual and Spatial Reasoning for Design Creativity, John S. Gero (Ed.). Springer Netherlands, 179-192.

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.


https://doi.org/10/c9mt37
https://doi.org/10/bv7df5
https://doi.org/10/cvbzsx
https://doi.org/10.1073/pnas.1012933107
https://doi.org/10/gft27v
https://doi.org/10.1037/0022-3514.65.4.681
https://doi.org/10/c8rvj2
https://doi.org/10/dnfxb6
https://doi.org/10/f94bb9
https://doi.org/10/gm42t2
https://doi.org/10/dmchxx
https://doi.org/10/ghn8xv
https://doi.org/10/b92rkp
https://doi.org/10/f7p48z
https://doi.org/10.1016/j.tics.2013.06.006
https://doi.org/10/ggjbsn
https://doi.org/10/gf4zw9
https://doi.org/10/dfrxfj
https://doi.org/10/dhqx4s
https://doi.org/10/86v
https://doi.org/10/d7xkvm
https://miro.com
https://doi.org/10/gj9m27
https://doi.org/10/dw4zcr

[62]
[63]

[64]

[65]

[66]
[67]
[68]

[69]
[70

—

[71]
[72]
(73]
[74]
[75]

[76]

[77]
[78]
[79]
[80]
[81]

[82]

[83]

[84]

[85]

[86]

Ez-zaouia and CARRILLO

https://doi.org/10.1007/978-94-017-9297-4_10

J. Nielsen. 1993. Iterative User-Interface Design. Computer 26, 11 (Nov. 1993), 32-41. https://doi.org/10.1109/2.241424
Bernard A. Nijstad and Wolfgang Stroebe. 2006. How the Group Affects the Mind: A Cognitive Model of Idea Generation
in Groups. Personality and Social Psychology Review 10, 3 (2006), 186—-213. https://doi.org/10/ccnhq6

Bernard A. Nijstad, Wolfgang Stroebe, and Hein F. M. Lodewijkx. 2002. Cognitive Stimulation and Interference
in Groups: Exposure Effects in an Idea Generation Task. Journal of Experimental Social Psychology (2002). https:
//doi.org/10/dp9cm8

Bernard A. Nijstad, Wolfgang Stroebe, and Hein F. M. Lodewijkx. 2003. Production Blocking and Idea Generation:
Does Blocking Interfere with Cognitive Processes? Journal of Experimental Social Psychology 39, 6 (2003), 531-548.
https://doi.org/10/frzvey

Balder Onarheim and Morten Friis-Olivarius. 2013. Applying the Neuroscience of Creativity to Creativity Training.
Frontiers in Human Neuroscience 7 (2013). https://doi.org/10.3389/fnhum.2013.00656

Jeroen Ooms. 2022. hunspell: High-Performance Stemmer, Tokenizer, and Spell Checker. https://docs.ropensci.org/
hunspell/

Alexander Faickney Osborn. 1953. Applied Imagination: Principles and Procedures of Creative Thinking. Scribner’s.
Rivka Oxman. 2004. Think-maps: teaching design thinking in design education. Design studies 25, 1 (2004), 63-91.
Stefano Padilla, Thomas S. Methven, David A. Robb, and Mike J. Chantler. 2017. Understanding Concept Maps: A
Closer Look at How People Organise Ideas. In Proceedings of the 2017 CHI Conference on Human Factors in Computing
Systems (New York, NY, USA) (CHI ’17). Association for Computing Machinery, 815-827. https://doi.org/10/gh5368
Paul B Paulus, Lauren E Coursey, and Jared B Kenworthy. 2019. Divergent and convergent collaborative creativity. In
The Palgrave Handbook of Social Creativity Research. Springer, 245-262. https://doi.org/10.1007/978-3-319-95498-1_16
Paul B Paulus and Huei-Chuan Yang. 2000. Idea Generation in Groups: A Basis for Creativity in Organizations.
Organizational Behavior and Human Decision Processes 82, 1 (2000), 76-87. https://doi.org/10/cdkw8n

Matti Perttula, Christina M. Krause, and Pekka Sipila. 2006. Does Idea Exchange Promote Productivity in Design Idea
Generation. CoDesign : international journal of cocreation in design and the arts (2006). https://doi.org/10/bkc4v2
Alain Pinsonneault, Henri Barki, R. Brent Gallupe, and Norberto Hoppen. 1999. Electronic Brainstorming: The Illusion
of Productivity. Information Systems Research 10, 2 (1999), 110-133. https://doi.org/10/dwéxh2

Gerard J. Puccio and John F. Cabra. 2012. Idea generation and idea evaluation: Cognitive skills and deliberate practices.
In Handbook of organizational creativity. Elsevier, 189-215. https://doi.org/10.1016/B978-0-12-374714-3.00009-4
Eric F. Rietzschel, Bernard A. Nijstad, and Wolfgang Stroebe. 2006. Productivity Is Not Enough: A Comparison of
Interactive and Nominal Brainstorming Groups on Idea Generation and Selection. Journal of Experimental Social
Psychology 42, 2 (2006), 244-251. https://doi.org/10/dtbbsv

Eric F. Rietzschel, J. Marjette Slijkhuis, and Nico W. Van Yperen. 2014. Task Structure, Need for Structure, and Creativity.
European Journal of Social Psychology (2014). https://doi.org/10/gmm248

Evan F. Risko and Sam J. Gilbert. 2016-09. Cognitive Offloading. Trends in Cognitive Sciences 20, 9 (2016-09), 676-688.
https://doi.org/10/gf5m3c

Frank E Ritter and Jill H Larkin. 1994. Developing Process Models as Summaries of HCI Action Sequences. Hu-
man—Computer Interaction 9, 3-4 (1994), 345-383.

Judy Robertson and Maurits Kaptein. 2016. An introduction to modern statistical methods in HCL. In Modern Statistical
Methods for HCI. Springer, 1-14. https://doi.org/10.1007/978-3-319-26633-6

John R. Rossiter and Gary L. Lilien. 1994-06. New “Brainstorming” Principles. Australian Journal of Management 19, 1
(1994-06), 61-72. https://doi.org/10/dhdzv2

Lilach Sagiv, Sharon Arieli, Jacob Goldenberg, and Ayalla Goldschmidt. 2010. Structure and Freedom in Creativity:
The Interplay between Externally Imposed Structure and Personal Cognitive Style. Journal of Organizational Behavior
(2010). https://doi.org/10/b8qvxz

Samiha Samrose, Ru Zhao, Jeffery White, Vivian Li, Luis Nova, Yichen Lu, Mohammad Rafayet Ali, and Mohammed E.
Hoque. 2017. CoCo: Collaboration Coach for Understanding Team Dynamics during Video Conferencing. IMWUT 1, 4
(2017), 160:1-160:24. https://doi.org/10/gh535v

E.L. Santanen, R.O. Briggs, and G.-J. de Vreede. 2000. The Cognitive Network Model of Creativity: A New Causal Model
of Creativity and a New Brainstorming Technique. In Proceedings of the 33rd Annual Hawaii International Conference
on System Sciences (Maui, HI, USA), Vol. vol.1. IEEE Comput. Soc, 10. https://doi.org/10/bfjfs3

Joseph Seering, Ray Mayol, Erik Harpstead, Tianying Chen, Amy Cook, and Jessica Hammer. 2019. Peer Feedback
Processes in the Game Industry. In Proceedings of the Annual Symposium on Computer-Human Interaction in Play
(Barcelona Spain). ACM, 427-438. https://doi.org/10.1145/3311350.3347176

Yang Shi, Yang Wang, Ye Qi, John Chen, Xiaoyao Xu, and Kwan-Liu Ma. 2017. IdeaWall: Improving Creative Col-
laboration through Combinatorial Visual Stimuli. In Proceedings of the 2017 ACM Conference on Computer Supported
Cooperative Work and Social Computing (Portland Oregon USA). ACM, 594-603. https://doi.org/10/gjpk9m

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2023.


https://doi.org/10.1007/978-94-017-9297-4_10
https://doi.org/10.1109/2.241424
https://doi.org/10/ccnhq6
https://doi.org/10/dp9cm8
https://doi.org/10/dp9cm8
https://doi.org/10/frzvcv
https://doi.org/10.3389/fnhum.2013.00656
https://docs.ropensci.org/hunspell/
https://docs.ropensci.org/hunspell/
https://doi.org/10/gh5368
https://doi.org/10.1007/978-3-319-95498-1_16
https://doi.org/10/cdkw8n
https://doi.org/10/bkc4v2
https://doi.org/10/dw6xh2
https://doi.org/10.1016/B978-0-12-374714-3.00009-4
https://doi.org/10/dtbbsv
https://doi.org/10/gmm248
https://doi.org/10/gf5m3c
https://doi.org/10.1007/978-3-319-26633-6
https://doi.org/10/dhdzv2
https://doi.org/10/b8qvxz
https://doi.org/10/gh535v
https://doi.org/10/bfjfs3
https://doi.org/10.1145/3311350.3347176
https://doi.org/10/gjpk9m

The Role of Collaborative Process Structuring and Social Interaction in Group Work 1:39

[87] Ben Shneiderman. 2000-03. Creating Creativity: User Interfaces for Supporting Innovation. ACM Transactions on
Computer-Human Interaction 7, 1 (2000-03), 114-138. https://doi.org/10/dp4ghb

[88] Johannes Siebert and Ralph L. Keeney. 2015. Creating More and Better Alternatives for Decisions Using Objectives.
Operations Research 63, 5 (2015), 1144-1158. https://doi.org/10/f7w9q9

[89] Steven M Smith. 2003. The constraining effects of initial ideas. In Group creativity: Innovation through collaboration.
Oxford University Press, 15-31. https://doi.org/10.1093/acprof:0s0/9780195147308.003.0002

[90] Valerie A. Thompson, Jamie A. Prowse Turner, Gordon Pennycook, Linden J. Ball, Hannah Brack, Yael Ophir, and
Rakefet Ackerman. 2013. The Role of Answer Fluency and Perceptual Fluency as Metacognitive Cues for Initiating
Analytic Thinking. Cognition 128, 2 (2013), 237-251. https://doi.org/10/bn46

[91] Barbara Tversky. 2014. Visualizing thought. In Handbook of human centric visualization. Springer, 3-40. https:
//doi.org/10.1007/978-1-4614-7485-2

[92] J. Walny, S. Carpendale, Nathalie Henry Riche, G. Venolia, and P. Fawcett. 2011-12. Visual Thinking in Action:
Visualizations as Used on Whiteboards. IEEE Transactions on Visualization and Computer Graphics 17, 12 (2011-12),
2508-2517. https://doi.org/10.1109/TVCG.2011.251

[93] Hao-Chuan Wang, Susan R. Fussell, and Dan Cosley. 2011. From Diversity to Creativity: Stimulating Group Brain-
storming with Cultural Differences and Conversationally-Retrieved Pictures. In Proceedings of the ACM 2011 Conference
on Computer Supported Cooperative Work - CSCW ’11 (Hangzhou, China). ACM Press, 265. https://doi.org/10/csp42b

[94] Daniel Wigdor, Hao Jiang, Clifton Forlines, Michelle Borkin, and Chia Shen. 2009. WeSpace: the design development
and deployment of a walk-up and share multi-surface visual collaboration system. (2009), 1237-1246. https://doi.org/
10.1145/1518701.1518886

[95] Jacob O Wobbrock, Leah Findlater, Darren Gergle, and James J Higgins. 2011. The aligned rank transform for
nonparametric factorial analyses using only anova procedures. In Proceedings of the SIGCHI conference on human
factors in computing systems. 143-146. https://doi.org/10.1145/1978942.1978963

[96] Jacob O. Wobbrock and Matthew Kay. 2016. Nonparametric Statistics in Human-Computer Interaction. In Hu-
man—Computer Interaction Series. Springer International Publishing, 135-170. https://doi.org/10.1007/978-3-319-26633-
6_7

[97] Wenyi Zhou, Elizabeth Simpson, and Denise Pinette Domizi. 2012. Google Docs in an out-of-class collaborative writing
activity. International Journal of Teaching and Learning in Higher Education 24, 3 (2012), 359-375.

A DESIGN ACTIVITY

The groups, in the condition WITH PROCESS STRUCTURING, received bullet points highlighting why
structuring their work in three steps might be necessary. The additionally provided information
was:

To optimize teamwork, you have decided to do the work in three steps:
1) First, in individual mode, each team member brainstorms on their own to generate
concepts and ideas around the product “Hybrid meeting room.” This first individual
work is important because:

- it gives freedom to each team member to explore their ideas around the subject

- it prevents each member from being influenced by the ideas of others

- it pushes each member to contribute/participate in the team’s work

- helps the team explore a variety of ideas from all members
2) Second, in collaborative mode: although the first individual work helps to explore
diverse ideas, the individual ideas will be “"heterogeneous."” The members must discuss
their ideas to develop a coherent solution collectively. This involves team members
discussing their ideas to combine, evaluate and refine them:

- it helps members make associations (e.g., connections, links) between their ideas

- helps members to appreciate, analyze, compare, and contrast their ideas

- it helps members negotiate and transform their heterogeneous ideas to converge on

a coherent solution

- it helps members to develop their initial ideas, combine similar ideas, reject less

promising ideas, and leave only the most interesting ones
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3) Finally, in collaborative mode: group work requires creating a representation that
effectively communicates the team’s outcome. This implies that the team members
must work collectively to create a visuospatial representation of their solution. A
visuospatial representation is essential because:

- it communicates the result (content, structure, relationships) of a collective work

using a visuospatial language

- it creates a coherent and cohesive solution

- it creates a representation that shows both the big picture and the important details

of the solution

B SCENARIO FEEDBACK ACTIVITY

Motivation: Feedback is giving information to someone to help them improve some as-
pects of their life or work. Feedback is beneficial to individuals receiving it and the ones
giving it. Feedback helps sharpen our knowledge, outcomes, and inter/intrapersonal
(e.g., behaviors, processes). Feedback is a reflective experience: by giving feedback to
others, we implicitly reflect on our work.
Peer Feedback is mutual feedback provided by a student or a group of students to
improve on aspects of learning.
Your mission: In your last collaborative activity, you worked in teams and created
unique representations of a conception of a design.
Today, and in the same teams, your mission consists of providing feedback to the team
members to help them improve their design.
You will get a solution’s representation of a team. Then, you will collaboratively:
— reflect on and discuss your peer’s group-work result, and
— write a feedback report to your peers on:
(a) how do you see their work and
(b) how they can change their solution to improve it, i.e., make it better, unique,
meaningful, creative, etc. The limit is your imagination and the time :)
The feedback report must contain at least 200 words. You can use an online tool to
calculate the number of words (e.g., http://compteur-de-mots.net/).
You can use the template below to help you structure your feedback reports [see
appendix CJ.
Write concrete and concise ideas in your feedback reports.

C TEMPLATE FEEDBACK ACTIVITY

We provided the template below to the groups in both conditions to help structure their feedback
reports.

You can use this template for your feedback reports. The template has three sections:
1) introduction, 2) body, and 3) conclusion, thoughts and perspectives.
(1) Introduction
- What is your overall feeling about the work of your peers?
- How do you see their work?
(2) Body
- Describe concisely your feedback ideas concerning the content (the elements of the
solutions), structure (how the elements are organized), and relationships (how the
elements are associated with each other).
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- How do you think your peers could change their solution to improve it, i.e., make it
better, unique, meaningful, creative, organized, complete, etc. The only limit is your
imagination :)
(3) Conclusion, reflections, and perspectives This part of the report may include your
conclusions or reflections on:
- Collaborative work and peer feedback; namely, you can highlight your thoughts
and perspectives on the dynamics of group work from your own experience (e.g.,
social, emotional, inter/intra-personal aspects).
- Your ideas to improve your own visuospatial representation. When working on the
feedback for your peers, you will come across ideas for your own design solution,
which is quite normal. Remember that the feedback activity is a reflective experience.
Include such ideas for improvement in this part of your report.

D PRE SURVEY
D.1 Visuospatial Literacy

e I'm comfortable with visual tools, such as Powerpoint, Google Slides, Illustrator, Photoshop,
etc.

e Usually, I use visual representations, such as visual note-taking, diagramming, etc.

e How do you rate your visual skills in terms of interpreting, understanding, producing, and
appreciating the meanings of visual representations?

e [ have prior knowledge in modeling; for example, from a previous course, internet, a book,
etc.

D.2 Collaboration

e Group work is often productive compared to individual work
o I feel pretty productive when I work in a group

o I feel pretty productive when I work alone

e [ find it challenging to share my ideas in groups

D.3 Creativity

e I like to express ideas that others do not think of

e I like to choose my own way to demonstrate my understanding

o I dare to ask questions that may seem off-topic or silly

e [ enjoy open-ended tasks; for example, tasks without a strict procedure to follow
o I prefer to discuss ideas rather than facts

e I prefer new ways of approaching a problem rather than accepted ways

D.4 Feedback

o I like to give feedback to others, such as group work members, friends, colleagues, etc.
o I like to receive feedback from others, such as group work members, friends, colleagues, etc.

E POST SURVEY
E.1 Design Activity

e How difficult was this session for you?
e How appealing was this session for you?
e Do you want to have more sessions like this?
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E.2 Feedback Activity
e How would you rate the effort you exerted in this session?
¢ Giving good feedback is important to me
e [ would like to see a new design iteration of my colleagues based on my feedback
e This activity helped me get better at giving/writing feedback
F DESIGN SOLUTIONS

Figure 15 and Figure 16 present the design solutions of the groups in both conditions.
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Fig. 15. Design solutions of the groups in the condition WITHOUT PROCESS STRUCTURING
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Fig. 16. Design solutions of the groups in the condition WITH PROCESS STRUCTURING
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