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ABSTRACT
Synchronous, face-to-face interactions such as brainstorming are
considered essential for creative tasks (the old normal). However,
face-to-face interactions are difficult to arrange because of the
diverse locations and conflicting availability of people—a challenge
made more prominent by work-from-home practices during the
COVID-19 pandemic (the new normal). In addition, face-to-face
interactions are susceptible to cognitive interference.

We employ crowdsourcing as an avenue to investigate creativity
in asynchronous, online interactions. We choose product ideation,
a natural task for the crowd since it requires human insight and
creativity into what product features would be novel and useful. We
compare the performance of solo crowdworkers with asynchronous
teams of crowd workers formed without prior coordination. Our
findings suggest that, first, crowd teamwork yields fewer but more
creative ideas than solo crowdwork. The enhanced team creativity
results when (1) team workers reflect on each other’s ideas, and
(2) teams are composed of workers of reflective, as opposed to active
or mixed, personality types. Second, cognitive interference, known
to inhibit creativity in face-to-face teams, may not be significant
in crowd teams. Third, teamwork promotes better achievement
emotions for crowd workers. These findings provide a basis for
trading off creativity, quantity, and worker happiness in setting up
crowdsourcing workflows for product ideation.

CCS CONCEPTS
• Information systems → Crowdsourcing; • Human-centered
computing→ Empirical studies in collaborative and social
computing.
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1 INTRODUCTION
We study the problem of how workers can asynchronously interact
to jointly solve problems that require creativity. Addressing this
problem is important to realize the vision of social machines [4, 9].
By capturing user interaction, we can imagine services that bring
forth not just the semantics of the Web but its pragmatics [44],
i.e., how it is applied. A major motivation behind social machines
is to enable using computers on the Web to provide bookkeeping
support while humans do more interesting and innovative work.

We focus on creativity as innovation (e.g., designing a product to
solve perceived user needs) as opposed to expressive creativity (e.g.,
producing a work of art). Boden [7] refers to these two types of cre-
ativity as psychological (P-creativity) and historical (H-creativity)
and argues that the explanation of the former also covers the latter.

A key motivation behind crowdsourcing is to provide a means
to elicit human knowledge and insight. Typically, however, crowd-
sourcing is applied to tasks such as photo and video captioning
and solving complex scientific problems such as protein folding.
In contrast, we consider creativity, which is arguably one of the
most crucial and challenging aspects of human intelligence [6]. In
creative tasks, there may be no objective truth, and techniques such
as selecting the majority answers would not work.

Previous research on crowdwork, including that by Kulkarni
et al. [20], Oppenlaender et al. [31], and Yu and Nickerson [52],
talks of creativity. However, creativity-as-innovation has largely
been omitted from prior work. Questions on factors that support or
inhibit crowd creativity, the tradeoffs involved, and how humans ex-
perience a creative crowdsourcing task remain largely unexplored.

We focus on the problem of product ideation, which seeks novel
and useful product ideas. We adopt the framework of crowdsourc-
ing, which involves members of a so-called “crowd” providing
knowledge and insight that are combined to produce effective solu-
tions. Product ideation is a natural crowdsourcing task—it is

• meaningful since crowd workers ideate on products they
will likely use or consume in the future; and

• potentially enjoyable since it requires innovative thinking.

Both meaningfulness [49] and enjoyment [19] are shown to be
intrinsic motivations for humans to participate in crowdwork.

In traditional organizational settings, (face-to-face) teamwork
is known to stimulate creativity [35]. However, such teamwork is
not always feasible. The COVID-19 pandemic situation makes clear
that it is not always trivial for workers to be in the same physical
space. Moreover, due to different timezones and family duties, it is
not necessarily easy for workers to connect synchronously online.
These challenges are even more pertinent for crowdwork. Whereas
crowd teamwork is feasible [40], working in a team can be incon-
venient and reduce a worker’s flexibility because crowd workers
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may work from diverse locations, not know each other, multitask
aggressively, and have disparate expertise and expectations.

We propose a crowd workflow, where teams are assembled on
the fly. That is, when a crowd worker selects a task, the worker is
assigned to a team based on predefined criteria such as team size and
composition. Once in a team, workers can interact asynchronously
and observe each other’s work. Thus, our workflow does not require
prior coordination between task requesters and workers.

Research Questions
We investigate whether asynchronous crowd teamwork promotes
creativity and other positive outcomes via four research questions.

Creativity: Does asynchronous teamwork promote or inhibit crowd
creativity?

Personality: Do crowd workers’ personality traits influence their
performance in asynchronous teamwork?

Efficiency: Does asynchronous teamwork influence crowd work-
ers’ efficiency (time, effort, and quantity)?

Emotions: Does asynchronous teamwork influence crowd work-
ers’ achievement emotions?

Although questions about creativity, personality, and efficiency
have been explored, most of the existing works involve face-to-face
settings. Crowdwork is different from these settings in that factors
such as social inhibition and cognitive interference that inhibit
creativity in face-to-face settings [33, 43] may not apply to crowd-
work. Further, unlike face-to-face teams, crowd team members are
usually unfamiliar with each other. Finally, we ask a question about
emotions since facilitating positive achievement emotions [13, 25]
can help attract and engage crowd workers. Intrinsic motivations
such as enjoyment go beyond money [38] for sustaining crowd
participation in a recurring task like product ideation.

We answer our research questions via an empirical study of
323 Amazon Mechanical Turk (MTurk) workers, who worked solo
or in asynchronous teams. Our study is novel for two reasons.
(1) Prior research has not explored the tradeoff between solo and
team-based asynchronous crowdwork with respect to creativity,
efficiency, and emotions. (2) Research on personality influences
on crowd creativity, e.g., by Lykourentzou et al. [23] and by Yu
and Nickerson [52], does not consider creativity as innovation.
Answering our research questions provides insights on creating
a crowdsourcing workflow that improves the quality of the work
product as well as the quality of the workers’ experience.

2 RELATED WORKS
Previous research on creativity has tackled related but not the same
challenges as ourwork. Research on face-to-face teamwork suggests
that group brainstorming stimulates new thinking [32, 35], but other
research indicates that group brainstorming yields fewer and lower
quality ideas than individual work [11]. Paulus [33] identifies two
key creativity inhibitors: (1) cognitive interference (e.g., production
blocking and task-irrelevant behaviors), and (2) social inhibition
(e.g., evaluation apprehension and social loafing). However, these
creativity inhibitors may not apply (at least, not as strongly) in
crowdwork. For example, crowd workers may not be production
blocked because of asynchronous teamwork, and they may not care

about how strangers evaluate their work. Thus, findings in face-to-
face teams may not generalize to crowdwork. This motivates us to
investigate creativity afresh from the perspective of crowdwork.

Research on creativity in crowdwork has gained interest as
crowdsourcing platforms have been increasingly used for studying
creativity and executing creative tasks [31]. Although collaboration
is a major theme in creativity research [14], factors determining
successful collaboration can be quite different in face-to-face and
crowd settings. For example, André et al. [2] advocate a sequential
work structure, with clearly defined roles, over a simultaneous work
structure for distributed collaboration. Yu and Nickerson [52] and
Murukannaiah et al. [29, 30] employ a workflow in which one gen-
eration of crowd workers is stimulated by the works of a previous
generation, improving the creativity of outcomes.

Since teamwork affects creativity, creating optimal crowd teams
is a significant challenge. Building on insights from face-to-face
teams, Lykourentzou et al. [23] employ team personality compo-
sition as a strategy for enhancing creativity. However, the types
of creative tasks in Lykourentzou et al.’s study (generating an ad
campaign) and our study (product ideation) are different.

Creativity in product ideation is a well-researched direction
[5, 8, 48]. However, these works facilitate creativity as innovation in
face-to-face workshops and focus groups with a limited number of
participants. In contrast, we exploit crowdsourcing to democratize
product ideation by involving a large stakeholder group.

Since creativity is task-specific [3], we investigate the influence
of crowd team personality on creativity from the standpoint of
product ideation. To the best of our knowledge, none of the existing
works study the implications of individual (solo) and team-based
crowdwork on the creative performance of the workers.

3 METHOD
We conducted a user study on the Amazon MTurk platform to
answer our research questions. The study was approved by the
Institutional Review Board for the Protection of Human Subjects
at the institute where one of the authors was employed when the
study was conducted. Informed consent was obtained from each
participant. All methods were carried out in accordance with rele-
vant guidelines and regulations.

The subjects in our study participated in a workflow shown in
Figure 1. We developed a web application to configure the crowd
workflow as solo-work or teamwork and to facilitate the study.

3.1 Pre Surveys
We obtained a worker’s DISC personality trait and demographics.
We adopted the DISC [26] personality model since it is well-suited
to study personality influence in teamwork [23].

Figure 2 shows how the DISC model categorizes individuals
based on task and people orientation as dominant (D), influential
(I), conscientious (C), or steady (S).

We employed a free online questionnaire [1] for measuring the
DISC personality [26] of participants. The questionnaire includes
28 groups of four items each. For each group, a participant must
indicate one item they are most like and one item they are least like.
There are commercial questionnaires, e.g., Everything DiSC [42], for
measuring DISC personality. However, administering a commercial
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Pre Surveys
Demographic Survey Personality Survey

Team Assignments

Main Task

Post Surveys
Effort Survey Achievement Emotions Survey

Elicitation (If) Teamwork
Produce Scenarios

Refine Scenarios

Read others' scenarios, 
provide comments, 
answer questions

Figure 1: Workflow structure showing configurable tasks.
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Figure 2: Marston’s [26] DISC personality model.

questionnaire in our crowd study was not feasible financially and
logistically (we would have to pay crowd workers upfront to take
the personality test and then participate in our study). Table 1 shows
the distribution of DISC traits and Spearman’s rank correlations
between each other in our dataset.

Table 1: Distribution, correlations of DISC traits in our data

D I S C Distribution

D 1 0.17 −0.77 −0.51 16.2%
I – 1 −0.36 −0.77 20.9%
S – – 1 0.31 28.3%
C – – – 1 34.7%

3.2 Team Assignment
We employed a lightweight mechanism for assembling crowd teams
dynamically, similar to flash teams [37]. An analyst specifies team
size and composition criteria. To avoid prior coordination and risk
of cancellation, we added crowd workers incrementally (as they
accepted our task on MTurk) to an open team whose composition
criteria they matched.

We employed solo workers and teams of four, small enough to
form teams on the fly so that the earlier members would not have
left when the later members arrived. For balance between the solo
and group treatments, we assigned the first four workers to a solo
workflow, the next four workers to a team workflow, and so on.

To analyze the influence of team personality composition, we
created active, reflective, and mixed personality teams based on our
initial analysis from a set of teams not controlled for personality.
First, 95 participants worked solo, 108 participants worked in teams
not controlled for personality composition (27 teams). We inves-
tigated research questions pertaining to creativity, efficiency, and
emotions based on these workers’ responses. Then, an additional
120 participants worked in teams controlled for personality compo-
sition (10 teams each of active, reflective, and mixed personality).
We investigated a research question pertaining to personality based
on these workers’ responses.

3.3 Main Task
The main task assigned to the crowd workers was to identify usage
scenarios for four smarthome (product) use cases. As an emerg-
ing application domain, smarthome use cases provide room for
exercising creativity in identifying usage scenarios. Further, crowd
workers do not need specialized knowledge to think about homes.
In particular, the task was for a crowd worker to envision specific
capabilities (or features) for a smarthome product. The worker was
to express each product capability using a natural language tem-
plate (provided by us) that indicated “upon this trigger event, under
this condition, the product must respond as follows.” For example,
when a resident leaves a room provided when no motion is detected,
fade down the lights in the room. Table 2 lists the number of usage
scenarios crowd workers produced for each use case.

Table 2: Number of scenarios produced for each use case.

Use Case #
If there is no movement or noise in a room for a precon-
figured duration, the smarthome should automatically
fade off the lights in that room, so as to save energy

507

If a person walks into a dark room, the smarthome
should automatically turn on the lights in that room or
brighten them if they were faded down so as to enhance
convenience and safety

431

If there is movement outside the home when it is dark
outside, the smarthome should automatically turn on
some lights so that any potential intruders are scared
off

428

A smarthome should optimize the lighting (e.g., bright-
ness and color) in a room based on the activity of the
people in that room so as to enhance user experience
(assume that the desired lighting for an activity is pre-
configured, e.g., dim lighting for watching TV)

457

We offered crowd workers a base reward of USD 3 for producing
a minimum of two usage scenarios. We incentivized creativity by
offering a bonus reward of up to USD 3, for a total of USD 6, for
producing creative usage scenarios.
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Figure 3: Awireframe showing aworker proposing a scenario
and engaging in collaboration with others.

Crowd team workers collaborate by viewing and commenting
on others’ scenarios, requesting and providing clarifications, and
refining the scenarios. The workers are notified each time a team
member adds a scenario or responds to a member. Figure 3 shows
a wireframe of our user interface. We include a wireframe (instead
of a screenshot from the web app) to enhance readability.

Since not all team members join at once, to ensure they overlap,
we required workers to wait at least three hours before submitting
their task. We encouraged them to visit the web application fre-
quently, collaborate, and refine scenarios in the three-hour window.

3.4 Post Surveys
Each worker reported the total time spent on the main task (across
multiple sessions) in minutes and the effort perceived on a Likert
scale of 1 (easy) to 5 (difficult).

We measured workers’ achievement emotions to understand
their intrinsic motivation for participating via Pekrun et al.’s [36]
model (Table 3), which includes both positive and negative emotions
about the process of producing scenarios and the outcome that a
worker produced creative scenarios.

The model of achievement emotions that Pekrun et al. [36] de-
veloped is general, but the questionnaire (AEQ) they developed is
specific to educational settings. Thus, we asked our study partic-
ipants to self-report achievement emotions by answering direct
questions about enjoyment and boredom (of the process) and con-
fidence and anxiety (about the outcome). Each worker reported
achievement emotions perceived while working (process) and upon

Table 3: Pekrun et al.’s taxonomy of achievement emotions.

Focus
Valence Positive Negative

Process Enjoyment Boredom
Outcome Confidence Anxiety

completion of the task (outcome), each on a Likert scale of 1 (low)
to 5 (high).

3.5 Creativity Evaluation
Following the bipartite definition, we measure the creativity of a
scenario as its novelty and usefulness. Novelty refers to the ex-
tent to which an end-user is likely to find a smarthome feature
based on a scenario unique, surprising, and innovative among other
smarthome features on a Likert scale of 1 (not at all novel) to 5 (very
novel). Usefulness refers to the extent to which an end-user is likely
to find a smarthome feature based on a scenario to be effective in
achieving one or more (explicit or implicit) goals underlying the
use case on a Likert scale of 1 (not at all useful) to 5 (very useful).

We developed a rubric for rating novelty and usefulness. We
started from an initial rubric and a sample of 50 scenarios. We,
iteratively, (1) rated the sample scenarios; (2) computed agreement
scores; (3) discussed disagreements; and (4) refined the rubric.

Following this rubric, we rated a random sample of 700 usage
scenarios (out of 1,823) on novelty and usefulness. Two annotators
rated each scenario in batches of 50 and resolved conflicts in multi-
ple iterations until the interrater reliability measured via intraclass
correlation coefficient (ICC) [15] was at least 75% (which is consid-
ered excellent). The raters did not know whether a scenario was
produced by a solo or team crowdworker. The raters discarded 61
scenarios that were unclear or irrelevant. Our results are based on
creativity ratings of 639 scenarios.

3.6 Analyses
We employ (1) Wilcoxon’s rank-sum test (nonparametric) to com-
pare the distributions of two ordinal samples (5% significance level);
(2) Kruskal-Wallis test (nonparametric extension of ANOVA) to
compare the distributions of more than two ordinal samples (5%
significance level); (3) Dunn’s [12] multiple comparison test with
the Holm-Bonferroni correction to compare pairs of samples when
the Kruskal-Wallis test rejects the null hypothesis; (4) Cliff’s [10]
Delta to measure the effect sizes (the amount of difference). The
magnitude of the delta is estimated according to the suggested
thresholds: 𝛿 <0.147 is negligible (N); 𝛿 <0.33 is small (S); 𝛿 <0.474
is medium (M); and large (L), otherwise.

Data Availability. The data is shared publicly [28]. It includes all
usage scenarios crowd workers produced and data necessary to
reproduce our results.

4 RESULTS
We examine the relationships between crowd teamwork and (1)
creativity, (2) team personality composition, (3) time and effort, and
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(4) achievement emotions. We present results, key findings, and
takeaways about each of these relationships.

4.1 Creativity
We treat creativity as combining novelty and usefulness [39]. Thus,
a creative product feature is both original and appropriate in a
specific context of use.

As Figure 4 shows, we did not observe a significant difference in
novelty or usefulness of the scenarios produced by solo and team
workers. However, since teams are formed on the fly, a team worker
entering a team early may have fewer opportunities to work with
teammates joining the team later. Thus, in Figure 5, we compare
the creativity of solo workers with those team workers entering
their team first or last.

We make the following observations. (1) Team workers who join
a team last produce scenarios that are significantly more novel than
scenarios produced by solo workers. (2) Solo and team workers do
not differ in terms of the usefulness of the scenarios they produce.
(3) The number of interactions (comments, questions, and answers)
in teams was typically low (often none): mean=3.05, median=1,
SD=3.9. Thus, we attribute the enhanced novelty of teamwork to
workers’ ability to observe and learn from each other, which does
not require active communication.

Solo

Team

1
(Low)

2 3 4 5
(High)

Novelty

Wilcoxon test: p=0.14
Cliff's delta=-0.11 (N)

1
(Low)

2 3 4 5
(High)

Usefulness

Wilcoxon test: p=0.78
Cliff's delta=-0.05 (N)

Figure 4: Creativity: solo-work vs. teamwork.

Takeaway from the research question

Crowd teamwork yields novel outcomes. However, for full
benefit, teams must be formed swiftly, or team workers must
be incentivized to wait for teams to form.

4.2 Personality
Figures 6 and 7 compare the creativity of solo and team workers of
different DISC personality types. Subsequently, we create active,
reflective, and mixed teams by controlling team personality com-
position. Figure 8 compares the creativity of active, reflective, and
mixed teams, where (1) each member of an active team is of type D
or I, the active personality types, (2) each member of a reflective
team is of type S or C, the reflective personality types, and (3) a
mixed team consists of two members, respectively, of the active
and reflective personality types.

Solo

Team:
First Person

Team:
Last Person

1
(Low)

2 3 4 5
(High)

Novelty

Kruskal-Wallis test: p = 0.04*

1
(Low)

2 3 4 5
(High)

Usefulness

Kruskal-Wallis test: p = 0.71

(Novelty) H-B 𝑝-value Cliff’s Delta

Solo Team (First) Solo Team (First)

Team (First) 0.77 −0.05 (N)
Team (Last) 0.03* 0.14 −0.35 (M) −0.09 (N)

Figure 5: Creativity: solo and team (first and last joiners)

C

S

I

D

1
(Low)

2 3 4 5
(High)

Novelty

Kruskal-Wallis test: p = 0.43

C

S

I

D

1
(Low)

2 3 4 5
(High)

Usefulness

Kruskal-Wallis test: p = 0.59

Figure 6: Creativity vis à vis personality types in solo work.

C

S

I

D

1
(Low)

2 3 4 5
(High)

Novelty

Kruskal-Wallis test: p = 0.001*

C

S

I

D

1
(Low)

2 3 4 5
(High)

Usefulness

Kruskal-Wallis test: p = 0.59

(Novelty) H-B p-value Cliff’s Delta

C D I C D I

D 0.02* −0.51 (L)
I 0.001* 0.23 −0.70 (L) −0.26 (S)
S 0.53 0.38 0.07 −0.28 (S) 0.25 (S) 0.50 (L)

Figure 7: Creativity vis à vis personality types in teamwork.

Wemake the following observations. (1) There was no significant
difference in the novelty or usefulness of the scenarios among solo
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Active

Mixed

Reflective

1
(Low)

2 3 4 5
(High)

Novelty

Kruskal-Wallis: p = 0.02*

1
(Low)

2 3 4 5
(High)

Usefulness

Kruskal-Wallis: p = 0.73

(Novelty) H-B p-value Cliff’s Delta

Active Mixed Active Mixed

Mixed 0.27 −0.18 (S)
Reflective 0.02* 0.40 −0.41 (M) −0.23 (S)

Figure 8: Effect of personality composition on teams.

workers of different personalities. (2) The small peak of high novelty
in Figure 5 for those who join a team first suggests that early joiners
can also benefit from teamwork if they wait for the team to fully
form, but the large peak of medium novelty suggests that many first
joiners did not wait for the team to fully form. (3) Team workers
of the reflective (S and C) personality produced scenarios that are
significantly more novel than the scenarios produced by workers of
active (D and I) personality. (4) Reflective teams produced scenarios
of a significantly greater novelty than scenarios produced by active
teams. (5) Personality types and team personality composition did
not influence the usefulness of the scenarios produced.

Takeaway from the research question

Controlling team personality composition to include reflec-
tive (Steady and Conscientious) workers in teams is an effec-
tive mechanism for enhancing novel outcomes.

4.3 Efficiency
Figure 9 compares the time and effort expended and the fluency
(number of scenarios produced) of solo and team workers. Table 4
compares the Pearson’s correlation between the number of all sce-
narios and the number of novel and useful scenarios (rated 4 or 5)
produced by solo and team workers.

Table 4: Quantity vs. Creativity: Correlations between the
number of all vs. the number of novel or useful scenarios

Pearson’s correlation
Solo Team

Scenarios Novel Useful Novel Useful

All 0.49
(𝑝 < 0.01)

0.46
(𝑝 < 0.01)

0.38
(𝑝 < 0.01)

0.32
(𝑝 = 0.04)

Solo

Team

25 50 75 100 125
Time in minutes (per subject)

Wilcoxon test: p=0.83 
Cliff's Delta = 0.02 (N)

Solo

Team

1
(Low)

2 3 4 5
(High)

Effort

Wilcoxon test: p = 0.80
Cliff's Delta = 0.02 (N)

Solo

Team

10 20 30
Scenario count (per worker)

Wilcoxon test: p=0.03*, Cliff's Delta=0.17 (S)

Figure 9: Time, effort, and quantity: solo vs. teamwork.

We make the following observations. (1) The time and effort
expended by solo and team workers do not differ significantly.
(2) Solo workers produce more scenarios than teamworkers. (3) The
correlation between the number of scenarios and the number of
novel and useful scenarios produced by solo and team workers is
moderate (positive).

Takeaway from the research question

Solo workers are more fluent than team workers. However,
the correlation between fluency and creativity is moderate
but stronger for solo than team workers.

4.4 Emotions
Figure 10 compares the achievement emotions (process and out-
come) of solo and team workers.

We make the following observations. (1) Team workers are more
confident and less anxious about the scenarios they produce than
solo workers. (2) Neither solo nor team workers are bored, but team
workers enjoy the process more than solo workers.

Takeaway from the research question

Team workers perceive better achievement emotions than
solo workers. Thus, teamwork can enhance workers’ intrin-
sic motivation to participate in crowdwork.

5 DISCUSSION
Designers and developers need new methods to elicit ideas for
applications with a consumer focus [18]. Such methods should
provide insights into what prospective users want in a variety
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Solo

Team

1
(Low)

2 3 4 5
(High)

Enjoyment

Wilcoxon test: p = 0.02*
Cliff's Delta = -0.18 (S)

Solo

Team

1
(Low)

2 3 4 5
(High)

Boredom

Wilcoxon test: p = 0.65
Cliff's Delta = 0.03 (N)

Solo

Team

1
(Low)

2 3 4 5
(High)

Confidence

Wilcoxon test: p = 0.04*
Cliff's Delta = -0.16 (S)

Solo

Team

1
(Low)

2 3 4 5
(High)

Anxiety

Wilcoxon test: p = 0.01*
Cliff's Delta = 0.19 (S)

Figure 10: Achievement emotions in solo and team work.

of contexts. First, these objectives are best served by engaging
outsiders—something crowdwork offers naturally. Second, devel-
opers’ objectives are best served by eliciting creative ideas. We
demonstrate how creative ideas can be crowdsourced.

A charm of crowdwork is that it does not require face-to-face in-
teraction, so workers can work whenever and wherever convenient.
In addition, Zeng et al. [53] find that the freshness of a team (i.e.,
absence of prior collaboration among team members) is associated
with greater originality. Freshness is also an attribute of crowd
teams since the members of a crowd team, especially those formed
on the fly, are unlikely to have prior collaboration.

Our investigation reveals that subtle characteristics of how crowd-
work, such as whether it is carried out solo or in teams, how the
teams are composed, and how team members interact with each
other, are important. Our approach yields guidance on how product
ideation teams ought to be composed on the fly and how their work
ought to be structured to produce the best outcomes in terms of
both the project collateral and the joy perceived by the workers.

5.1 Lightweight Distributed Teamwork
Teams formed on the fly provide flexibility for both task requesters
and workers. Such teams of strangers are best for tasks such as
product ideation that do not require active coordination between
workers.

However, Salehi et al. [40] find that familiar teams are more
efficient since members know each other’s strengths and weak-
nesses and experience better psychological acceptance and safety,
although the levels of cooperation and conflict vary. Thus, for tasks
requiring cooperation between workers, approaches such as team
dating can be used, where workers interact (“date”) first and then
are assigned to teams based on compatibility [24].

5.2 Cognitive Interference
We did not find cognitive interference, a creativity inhibitor in face-
to-face teams, to be a major concern for our crowd teams. Team
workers do not engage in long conversations. Thus, their creativity
is not influenced by the number of interactions between them. Yet,
team workers benefit from exposure to each other’s ideas. Workers
who joined late and thus saw previous work by others produced
ideas that were more novel than other workers. Thus, to facilitate
novel outcomes, teams must be formed swiftly, with workers who
join early incentivized to wait for the team to fully form.

5.3 Team Personality Composition
We found a simple but effective means of enhancing novel out-
comes by controlling a team’s personality composition. Specifically,
reflective (Steady and Conscientious) workers yield higher novelty
than other workers in the product ideation task. This result refines
Lykourentzous et al.’s [23] finding that mixed teams are more cre-
ative. We attribute this observation to the difference in task type
between the two studies. Lykourentzous et al.’s task of creating an
ad campaign requires active coordination, but product ideation does
not. We conjecture that active (Dominant and Influential) workers
serve as team coordinators in such tasks.

5.4 Fluency and Creativity
In face-to-face teamwork, whereas Osborn [32] claims that group
brainstorming promotes creativity, Diehl and Stroebe [11] and
Lamm and Trommsdorff [21] find that group brainstorming can
hurt both the quality and the quantity of ideas. We refine Osborn’s
and Diehl and Stroebe’s observations to crowd teamwork. Whereas
solo workers produce more ideas than crowd workers, the correla-
tion between fluency and creativity is moderate for solo workers
and low for team workers. However, team workers produce ideas
that are more novel than solo workers, demonstrating the difference
between teamwork in face-to-face and crowd settings.

5.5 Novelty and Usefulness
Existing works treat creativity as a unitary measure. We understand
creativity as novelty and usefulness [39]. We observe that what
applies to novelty does not necessarily apply to usefulness and vice
versa. We posit that future work on creativity should consider both
novelty and usefulness as dimensions to measure creativity.

5.6 Worker Happiness
Paulus et al. [34] find that most people perceive their ideas and
productivity as more favorable when working in a team than work-
ing solo. In the same spirit, Sutton and Hargadon [47] describe
that organizations adopt group brainstorming, despite evidence
for its inefficiency in generating ideas because it yields positive
outcomes such as developing organizational memory, supporting
peer respect, and establishing organizational norms. Along simi-
lar lines, we find that crowd team workers are less anxious and
perceive better process-related and outcome-related achievement
emotions than solo crowd workers. Thus, we conjecture that sup-
porting crowd teamwork is necessary for establishing a sustainable
crowd community that contributes ideas to the development and
evolution of a product.
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5.7 Threats to Validity
We identify four threats to the validity of our findings. First, we
employed a free online test to measure the DISC personality traits of
workers and validate the hypotheses corresponding to personality.
However, the reliability and validity of this test are unknown.

Second, to the best of our knowledge, there is no well-established
questionnaire for measuring achievement emotions in a creative
task, such as the one adopted in our study. Thus, we developed
a simple questionnaire of our own. Since we ask direct questions
about outcome-related and process-related achievement emotions,
we expect the reported emotions to be valid and reliable.

Third, we asked participants to self-report their time spent on
the assigned task, excluding interruptions. However, for any partici-
pants who may have been multitasking (i.e., splitting their attention
between the assigned task and other activities), the time estimate
they reported for the assigned task may not be accurate. However,
since all participants estimated the time they spent, we expect the
time comparison between the various treatments to be fair.

Fourth, crowd workers may have joined a team at different times.
As a result, the amount of overlap between teammates may vary,
both within a team and across teams. To ensure that each team
member overlaps with at least some of the other team members, we
required teamworkers to wait at least three hours before submitting
their tasks. It is possible (and indeed quite likely) that workers
switched to other tasks during this wait time. Such multitasking
by workers may explain the low extent of team interactions we
observed (e.g., when a team member produced a scenario, the other
team members were not readily available to comment on it). To
make switching back to our task easy for team workers, we sent
a notification (within our web application) to each team member
when a comment was added.

6 CONCLUSIONS AND DIRECTIONS
The true potential of crowdsourcing lies in realizing sociotechnical
systems [45], where humans contribute creative work andmachines
perform mundane or cognitively difficult tasks for humans [16].

Realizing sociotechnical systems requires addressing not only
technical challenges (e.g., reward mechanisms) but also human-
centered challenges such as enhancing creativity, engagement, peer
learning, and enjoyment. Creativity in the design of sociotechnical
systems can help by generating new solutions to capture stakehold-
ers’ requirements and their attitudes regarding acceptable solutions
given their values. In particular, we need ways to discover potential
solutions that trade off between their values and other preferences
to ensure fair and ethical outcomes [27, 46, 51].

Our results can guide the creation of hybrid intelligence systems
[17, 22, 50], where crowd workers and computational techniques
work in tandem. Directions for enhancing our crowd workflow
with computational techniques include automatically composing
teams of crowd workers on the fly, intelligently triggering workers
to be creative, rewarding workers to promote creative effort, and
detecting creative ideas automatically.

Finally, the ethics of crowdsourcing is garnering attention [41].
This paper offers two ethical benefits. First, it identifies ways that
could reduce a worker’s anxiety. Second, it promotes having a lower
quantity of higher quality work.
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