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Findings on how prior high-quality ideas affect the quality of subsequent ideas in online ideation contests have
been mixed. Some studies find that high-quality ideas lead to subsequent high-quality ideas, while others find
the opposite. Based on computationally intensive exploratory research, utilizing theory on blending of mental
spaces, we suggest that the effects of prior ideas on the generation of subsequent ideas depend on the align-
ment of (1) crowd participants’ subjective quality assessments of prior ideas and (2) subsequent problem-
related contributions made by the crowd. When a prior idea is assessed as high-quality, this motivates the
crowd to emulate that idea. When this motivation is aligned with subsequent contributions that expand the
mental space of the prior idea, a new high-quality idea can be created. In contrast, when a prior idea is
assessed as low-quality, it motivates the crowd to redirect away from that idea. When this motivation is
aligned with subsequent contributions that shift the mental space of the prior idea, a new high-quality idea can
be created. The mixed findings in the literature can then be explained by a failure to consider non-idea infor-
mation contributions made by the crowd.
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Introduction I

As part of open innovation (Chesbrough, 2006), firms are
using online ideation contests to draw on the “wisdom of
crowds” (Bayus, 2013; Terwiesch & Xu, 2008). Scholars
studying online ideation contests are paying increasing atten-
tion to how crowd participants influence each other’s ideation
to create high-quality ideas (Bayus, 2013; Fiiller et al., 2011;
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Majchrzak & Malhotra, 2016). High-quality ideas can be
defined as “fresh ideas for changing products, services, and
processes to better achieve the organization’s goals” (Amabile
et al., 2005, p. 367). These ideas are not only novel but
implementable and key to competitive advantage.

The literature on crowdsourcing of ideas has yielded mixed
results: some find that crowds posting high-quality ideas
create a positive feedback cycle for more high-quality ideas
(Kohn et al., 2011), while others find the opposite, that prior
high-quality ideas beget subsequent low-quality ideas (Bayus,
2013; Liuetal.,2014; Wang et al., 2018). Moreover, crowds
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do not always post high-quality ideas (Fiiller et al., 2011). In
such a situation, analogous to online brainstorming (Dennis &
Williams, 2003; Seeber et al., 2017), low-quality ideas may
create mimetic pressure, producing more low-quality ideas.
Hence, it is not clear how the quality of the ideas offered by
crowds affects the quality of subsequent ideas.

Additionally, in many online ideation contests, the crowd not
only contributes ideas but may also contribute additional
information about the problem posed to them (Majchrzak &
Malhotra, 2020). Before making a contribution, a crowd
participant reads the information that has already been
contributed by others and recorded in digital traces. In the
course of doing so, the crowd participant has an internal
conversation and reflects on the information in preparation for
a new contribution (Baralou & Tsoukas, 2015). What is not
known is whether the temporality and content of information
contributed between ideas impact the relationship between the
quality of a prior idea and the subsequent idea provided by the
crowd. Therefore, we ask the following research question:

How does the information contributed after a prior
idea affect the quality of the subsequent idea?

We address this question conceptually by drawing on the
creative cognition literature (Finke et al., 1996), specifically
Fauconnier and Turner’s (1998, 2003) theory on blending of
mental spaces, which we adapt to the context of online idea-
tion contests. In particular, we suggest that ideas represent
distinct mental spaces comprised of concepts and relation-
ships between concepts. Therefore, when an idea has been
posted, it is an explicit expression of a mental space. This
idea is then followed by additional contributions made by
crowd participants. Many of these contributions include
additional information related to the problem posed to the
crowd, which may modify the mental space of the prior idea.
These contributions may then encourage a crowd participant
who reads the prior idea and subsequent contributions to
expend cognitive effort in blending their mental space with
the modified mental space of the prior idea. Such blending
can result in a subsequent idea representing a new, “blended”
mental space.

We conducted a computationally intensive data-driven theory
development study (Berente et al., 2019) that utilized log data
from online ideation contests and variable-length Markov
chains for sequence analysis (VLMC, see Gabadinho &
Ritschard, 2016; Michler & Biihlmann, 2004). We find that
a subsequent high-quality idea is affected by whether assess-
ments of the quality of a prior idea are aligned with subse-
quent information contributions about the problem statement
that either shifts or expands the prior idea’s mental space.
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Such shifting or expansion then encourages a subsequent
crowd participant reading the prior idea and subsequent con-
tributions to expend additional cognitive effort to blend a
mental space of their own with the modified mental space
associated with the prior idea. This theorizing suggests that
prior research may not have found consistent effects of the
quality of a prior idea on crowd ideation because it failed to
take into account the type of information about the problem
that the crowd offers subsequent to the prior idea. We also
outline how our methodological approach may stimulate novel
empirical research utilizing sequence analysis.

Conceptual Development I

Mental spaces (Fauconnier & Turner, 1998, 2003) are consti-
tuted by concepts and their relationships and can be altered
through discourse “for the purpose of local understanding”
(Hart, 2007, p. 117). As such, mental spaces are situational
and context-specific; they concern a particular ongoing con-
versation or situation experienced by an individual, exist only
temporarily, and are continuously modified (Oakley &
Hougaard, 2008, p. 4).

The concept “space” has often been conceived of in social
terms (Kellogg, 2009; Latané & Liu, 1996; Rao & Dutta,
2012) and has been helpful in explaining how human practices
are relationally situated in particular contexts and social
constructions. For example, Latané and Liu (1996) indicate
that social space is an “intersubjective matrix of psychological
distances” that helps to explain social impact and clustering
of attitudes, values, and identities (p. 26). Further, space has
been used to conceptualize search and problem solving pro-
cesses (Newell & Simon, 1972). Such spaces contain all
possible combinations of various parameters. Mental spaces
(Fauconnier & Turner, 1998, 2003), however, contain specific
sets of concepts and their relationships (i.e., they contain a
limited number of particular concepts, not all possible com-
binations) and are focused on the micro-foundations of
cognition, as opposed to explaining social relationships and
practice.

Multiple mental spaces can be “blended” (Fauconnier &
Turner, 1998, 2003) together to create a new mental space,
referred to as a “blended space,” which contains a novel set of
concepts and relationships. According to Turner (2014),
blended mental spaces represent ideas. Blending occurs
through selectively projecting some concepts from the “input”
mental spaces to the blend, and then relating these concepts in
a way that is different from how concepts were related in the
input spaces (Fauconnier & Turner, 1998, 2003).
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Blending in Online Ideation Contests

Blending theory allows us to view crowd ideation from a
cognitive perspective. As blending theory conceptualizes
ideas as mental spaces, this theory enables us to explain how
crowd participants may engage in ideation by blending mental
spaces pertaining to prior ideas with mental spaces of their
own to create new ideas. For example, in an ideation contest
for a toy company, a mental space may contain multiple con-
cepts germane to dolls, such as “plastic body,” “look,”
“coloring,” “doll clothes,” and “gender appeal.” Some or all
ofthese concepts from the mental space of the idea could then
be blended with other mental spaces to create subsequent
ideas. For example, the mental space pertaining to “dolls”
could be blended with a mental space pertaining to “person-
alized manufacturing technologies” leading to a new idea of
dolls personalized to a child’s specifications.

Blending theory does not specifically explain how prior ideas
of varying quality can be modified through discourse to yield
further high-quality ideas. Therefore, we combine blending
theory with the broader literature on creative cognition (e.g.,
Finke et al., 1996) to explain (1) how ideas may vary in the
degree to which they capture the requirements of the initiating
problem statement (what we refer to as quality), and (2) how
mental spaces can be modified by problem-related informa-
tion contributed after a prior idea, which stimulates cognitive
effort toward blending. Our representation of crowd ideation
as modification and blending of mental spaces allows us to
account for how prior ideas may affect subsequent ideas, as
we explain below.

The intent of an online ideation contest is for crowd partici-
pants to generate ideas that meet the requirements of a
problem statement in terms of being both novel and offering
competitive advantage. Since ideas represent mental spaces
that can serve as inputs to subsequent blended mental spaces,
the degree to which the prior idea meets the problem
requirements is likely to also serve as input to subsequent
blended mental spaces. While ideas generated in online
ideation contests generally are evaluated by sponsors after the
contest has concluded (Dahlander et al., 2019), crowd parti-
cipants will also evaluate ideas extemporaneously (Bayus,
2013; Kohn et al., 2011; Liu et al., 2014; Wang et al., 2018).
Therefore, as a crowd participant examines an idea, their sub-
jective assessment of this idea may influence their behavior in
amanner similar to what online brainstorming has found: that
prior ideas stimulate new ideas (Dennis et al., 1996; Seeber et
al., 2017). Blending theory, however, also suggests that a
blended mental space can be modified by additional infor-
mation providing new concepts and/or relationships. Since,
in some ideation contests, information about the problem
rather than just solutions can be provided by crowd partici-

pants, it is possible that this additional information coupled
with the subjective assessments of the quality of prior ideas
may affect the quality of new ideas produced.

Problem-Related Information Contributions

The creative cognition literature has identified various infor-
mation contributions that modify mental spaces in ways that
increase cognitive effort toward generating creative outcomes
(Paulus & Nijstad, 2003). This increased cognitive effort may
help to explain the type of information that needs to be
contributed for subsequent ideas to be of high quality. Four
of the most commonly described contributions likely to
modify existing mental spaces include assumptions that can
add new concepts to an existing mental space, analogies that
can shift a mental space, questions that can lead to productive
inquiry into a mental space, and paradoxes that examine ten-
sions in relationships between concepts within a mental space
(Cronin & Weingart, 2007; Girotra et al., 2010; Leonard-
Barton & Swap, 2005; Paulus & Nijstad, 2003).

Assumptions refer to information such as new facts, obser-
vations, or beliefs (Dane, 2010; Gentner & Stevens, 2014).
They provide concrete backing or validation for an idea
(Tsoukas, 2009) and help to stimulate creativity (Hender et
al., 2001; Santanen et al., 2004). Hence, assumptions modify
an already existing mental space by adding new concepts to
it, which signals that any subsequent ideation efforts need to
expend cognitive effort to consider these additional concepts
as well.

Analogies refer to information about a different context
(Ansburg & Hill, 2003; Choi & Kim, 2017; Nijstad et al.,
2003) compared to the context of the mental space pertaining
to a prior idea. For example, when trying to generate ideas
about how to best design a car, one can use an analogy from
the zoological context, for example, drawing inspiration from
the physical shape of jaguars to stimulate the emergence of
high-quality ideas. Analogies may, therefore, shift the prior
mental space, signaling that cognitive effort needs to be ex-
pended to consider this new context (Fiske & Taylor, 1984;
Hargadon & Bechky, 2006) in addition to the concepts and
relationships in the mental space pertaining to the prior idea.

Questions are inquiries into the mental space pertaining to the
prior idea (Baralou & Tsoukas, 2015; Boland & Tenkasi,
1995; Garrison, 2015). Therefore, questions modify the
mental space pertaining to a prior idea by making definitions
of concepts and their relationships clearer. This signals to the
crowd that subsequent cognitive efforts to generate further
ideas need to consider such inquiries into the mental space
pertaining to the prior idea.
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Paradoxes provide information on tension or conflict between
different concepts. Paradoxes, therefore, identify interrelated
yet contradictory requirements that coexist (Hargrave & Van
de Ven, 2017; Jay, 2013), for example, trade-offs between
multiple objectives (Cronin & Weingart, 2007). Since
paradoxes involve contradiction and tension, paradoxes can
foster new linkages within a mental space by forcing re-
evaluation of a problem. Paradoxes may expose a new way
of seeing a problem and, therefore, also its solution (Miron-
Spektor et al., 2011; Poole & Ven, 1989). Hence, identifying
a paradox forces cognitive effort to resolve the paradox
during the course of generating a subsequent idea through
blending.

We know little, however, about how the different types of
problem-related information contributions need to be aligned
with prior ideas of either low or high quality to contribute
toward generating subsequent high-quality ideas. Each of
these contributions modifies the mental space pertaining to the
prior idea in different ways and, therefore, also stimulates
cognitive effort differently on the part of the crowd participant
who posts the next idea. It may be that high-quality ideas
emerge from some form of an alignment between the quality
of the prior idea and the type of information contribution
made subsequently.

Method I

The literature on online ideation contests says relatively little
about the sequencing of ideas and problem-related contribu-
tions, therefore we sought to generate new theory. To do this,
we choose a computationally intensive data-driven explora-
tory research approach (Berente et al., 2019; Lindberg 2020;
Shrestha et al., 2021) enabling us to draw on digital trace data
and computational methods specifically geared toward analy-
zing sequences. Below we describe the dataset, the measures
of'idea quality, measures of problem-related information con-
tributions, and our usage of VLMC (Gabadinho & Ritschard,
2016; Méchler & Biithlmann, 2004).

Dataset

The dataset consists of 20 different online ideation contests,
each with a different problem statement sponsored by either
a company from the U.S., Scandinavia, or China operating in
manufacturing or service sectors (e.g., software, hardware,
financial services, entertainment, sports, and industrial
products). Each contest had between 48 and 179 unique
participants. This dataset is unique in being one of the few
datasets of crowd-based ideation on strategic, ill-structured
problems where the crowd was encouraged to share unstruc-
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tured information about the problem statements in addition to
their ideas. The design of the ideation contests is described in
Majchrzak & Malhotra (2020).

Of particular note here is that the ideation contests had
problem statements sufficiently similar to be aggregated in the
analysis. Each problem statement was (1) ill-structured,
requiring multiple perspectives such that solutions would
benefit from conversations and creative input with no single
correct answer, (2) important to the executive in that it
affected processes, products, or services that the executive
thought were critical to the organization’s future, and (3) one
which the executive had personally tried to solve, unsuc-
cessfully, so that the executive would be able to assess the
quality of proposed ideas.

The 20 ideation contests followed similar protocols. The
contests all lasted about the same amount of time (7—10 days).
All participants were allowed to contribute anonymously or
quasi-anonymously (i.e., they could choose a screen name
other than their real name). All ideas and problem-related
information were contributed through discussion forums. The
following protocol for incentivizing participation was used:
small in-kind brand or impact awards were provided for
(1) top ideas as judged by sponsors and (2) posting on others’
posts (Hutter et al., 2011; Zheng et al., 2011). A total of
1,982 posts were obtained including 1,176 ideas.

The quality of an idea was measured by ratings conducted by
the executive with regard to the novelty of the idea and the
competitive advantage of the idea if it were to be imple-
mented. The ideas were rated as high- or low-quality, where
high-quality was defined as an idea being both novel and
offering a competitive advantage. All other ideas were rated
as low-quality.

To reduce the cognitive load of the executives, we followed
the advice of Lamastra (2009). Only the first version of non-
duplicative ideas was evaluated by the executives. This led to
executives rating between 3 and 21 unique ideas. Across the
20 contests, there were 297 non-duplicative ideas for which
assessments about the quality of the ideas were obtained from
the executives. Independent raters were trained based on the
assessments of the executives, and then they rated the
remaining ideas, obtaining an inter-rater reliability for cate-
gorical data of 77% (Cohen’s Kappa Coefficient k = 0.77; p
< 0.001; see Landis & Koch, 1977).> The dataset also

“When multiple ideas occurred directly adjacent to each other, they were
considered together, as a “set” of ideas. Because of their proximity, any of
these ideas may have been generated by previously contributed posts. In
order to discern the effect that previous posts may have on any idea inside
of an idea set, we recoded such adjacent sequences using a singular marker.
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included 806 posts that were not ideas.> These posts were
coded to identify if they contained any of the four problem-
related information contributions defined above: assump-
tions, analogies, questions, or paradoxes. Two independent
raters scored an inter-rater agreement within the acceptable
range (Cohen’s Kappa Coefficient k = 0.74; p < 0.001). Any
disagreements were resolved through discussion. Posts not
containing any of these were ignored, leading to removal of
17% of the posts. Such posts commonly contained vague
statements such as “OK,” “Yes,” or “Agree.”

Overview of Analysis Strategy

To examine the effect of prior idea quality and subsequent
problem-related information contributions on the quality of a
subsequent idea, we analyzed sequences of ideas and contri-
butions. Amongst several alternative analytic methods for
sequence analysis, we choose VLMC (Gabadinho &
Ritschard, 2016; Méchler & Biithlmann, 2004). While tradi-
tional Markov chains, as well as hidden Markov models, are
“memoryless” in the sense that they predict future events
based on only the current event (see, for example, Singh et al.,
2011), VLMC has a memory of variable length, thus allowing
for a sequence of prior events to be used to predict the next
event. This means that when predicting high- and low-quality
ideas, we can examine a variable length of prior sequences—
consecutively ordered sets ofideas and problem-related infor-
mation contributions—to predict the quality of a subsequent
idea.

VLMC has several advantages compared to other techniques
that may be used to analyze sequences of ideas and problem-
related information contributions. First, in contrast to optimal
matching techniques (Abbott & Tsay, 2000; Gaskin et al.,
2014), VLMC does not make a priori assumptions with
regard to where and when relevant sequences occur (and
therefore when a sequence starts) within a larger flow of
posts. Instead, VLMC can inductively identify repeated
sequences using computational means. Second, VLMC also

Hence, if a set of ideas contained a high-quality idea, the whole set was
coded as high-quality; if such a set did not contain a high-quality idea, the
whole set was coded as low-quality. This enabled us to identify high-quality
ideas embedded immediately next to several low-quality ideas. Our dataset
included a total of 134 high-quality idea sets and 255 low-quality idea sets.

’In coding the posts, we used a coding scheme that constrained the post to
be of one category type. Hence, if the dominant content type in the post was
an assumption, then we categorized it as an assumption even though a small
portion of the text may have been used to describe an idea. This strict single-
code categorization scheme resulted in 22 posts not being considered as
containing ideas, but rather being categorized strictly as non-idea contri-
butions.

does not assume that sequences are independent of each other,
as a regression-based research design would (see Majchrzak
& Malhotra, 2016), but rather allows for overlapping
sequences (Gabadinho & Ritschard, 2016). Third, and last,
VLMC recognizes the recursive nature of sequences. This
means that sequences related to prior ideas can also lead to
subsequent ideas.

VLMC has been used to analyze protein classifications and
English language texts (Ron et al., 1996), music pieces (Beg-
leiter et al., 2004), and DNA sequences (Bithlmann & Wyner,
1999; Méchler & Biihlmann, 2004). Most recently, in the IS
literature, Wikipedia edits (Arazy, Lindberg, Lev, etal., 2020)
were analyzed using VLMC, revealing the presence of
“emergent routines” (i.e., stabilized patterns of editing wiki
articles emerging in a bottom-up fashion, rather than being
centrally coordinated). We use VLMC to achieve “analytical
generalization” from certain empirical statements to theory
(Lee & Baskerville, 2003; Shrestha et al., 2021), rather than
generalization to a population.

Using the VLMC approach, a sequence was defined as a con-
secutively ordered set of ideas and problem-related informa-
tion contributions. Hence, we specified as a condition that
any sequences identified had to contain prior ideas. A major
assumption that the VLMC method makes is that the iden-
tified sequences consist of directly adjacent (i.e., occurring
right after each other in time, with no intermediate contribu-
tions in between) contributions and that these contributions
directly precede subsequent ideas.

To identify repeated sequences of ideas and problem-related
information contributions frequently preceding high- versus
low-quality ideas, VLMC constructs and prunes probabilistic
suffix trees (Gabadinho & Ritschard, 2016) containing all
those sequences that have a non-zero probability of preceding
an idea of either low or high quality. The lengths of the
sequences are not specified a priori but rather are computa-
tionally determined. The probability distributions yielded by
this analysis then lead to varying conditional probabilities for
the relationship of each sequence to high- and low-quality
ideas.

While VLMC generates sequences, it does not explicitly
specify the statistical relationships between such sequences
and outcomes of interest (i.e., low- and high-quality ideas).
Hence, to arrive at patterns that have theoretical value, further
analysis was required. Based on the VLMC results, we com-
puted descriptive statistics, including the frequency of each
sequence (i.e., how often that particular sequence of ideas and
problem-related information contributions was observed in the
data), the conditional probabilities of a high- or low-quality
idea given a specific sequence, and the lift of each type of
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sequence preceding a high- or low-quality idea (Lenca et al.,
2008).

The lift is the conditional probability of generating a high- or
low-quality idea, given a specific sequence, divided by the
unconditional probability of a high- or low-quality idea. This
helped us to interpret the conditional probabilities in light of
how common high- and low-quality ideas were in the dataset
overall. We used the lift calculations to compare whether a
sequence is statistically more likely to precede a high- or a
low-quality idea, thus providing additional validation of the
VLMC results. Through calculating the Z-value of the dif-
ference between the lift for a specific sequence leading to a
high-quality versus a low-quality idea (Lenca et al., 2008, p.
619), we determined which sequences are significantly more
likely to precede a high-quality idea rather than a low-quality
idea, or vice versa. Sequences for which the difference in lifts
was not statistically significant were not considered (i.e.,
where the Z-score of the difference was between -1.645 and
1.645, indicating a lack of significance at the 0.05 level).*

To understand what sequences generated high-quality ideas,
but not low-quality ideas, and vice versa, we examined
sequences preceding ideas of different quality, seeking to
identify systematic differences. To do this, we examined the
sequences with significant lift statistics differentiating be-
tween those generating either high or low-quality ideas. Since
multiple sequences were significant, we looked for patterns
among the sequences. The patterns were iteratively compared
to the creative cognition literature (e.g., Fauconnier & Turner,
1998, 2003) to seek theoretical explanations for why a
specific sequence would precede a particular outcome.
Through such an iterative theoretical justification process, we
generated a classification of the sequences. Our approach,
consisting of induction from data and deduction from litera-
ture, was therefore abductive (Holland et al., 1989; Lindberg,
2020).

Findings I

The analysis described above led to the identification of 10
types of sequences for which the lift scores relative to low-
versus high-quality ideas were significantly different. Table
1 shows the 10 types of sequences, which collectively oc-
curred 271 times. Six types of sequences (N = 123) occurred
before high-quality but not low-quality ideas, and four types

4Sequences for which lifts in relation to both high- and low-quality ideas
were significant were also excluded because they did not differentiate be-
tween high- and low-quality ideas, which occurred for two sequences.
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of sequences (N = 148) occurred before low-quality but not
high-quality ideas. To read these results, one looks across the
rows. For example, the first sequence, HQ-QU, occurs 39
times in the dataset, has a 0.35 conditional probability of
generating a high-quality idea and a 0.20 conditional proba-
bility of generating a low-quality idea. This translates into a
lift relative to high-quality ideas of 3.09, and a lift relative to
low-quality ideas of 0.95. The Z-score of the difference
between these two lift values is 4.05, which is significant at
the 0.001 level.

Of the 10 sequence types, 4 types (N =27) shared significant
commonality between high- and low-quality ideas (HQ-QU-
AS and AN-HQ-AS before low-quality ideas; HQ-AS-LQ-QU
and QU-HQ-AS before high-quality ideas), thus failing to
differentiate between outcomes. These sequences were
dropped from further interpretation. The remaining six types
of differentiating sequences (N = 244) were categorized by
similarity. As shown in Table 2, we have labeled these
sequences based on how problem-based information contribu-
tions modify the mental space pertaining to the prior idea:
shifting prior ideas through analogies, expanding prior ideas
through questions, and expanding prior ideas through
paradoxes.

Shifting prior ideas through analogies. This sequence cate-
gory encompasses two variations: AN-AS-LQ-AN (N = 3)
and LQ-AN (N = 49) representing 52 sequences out of the
total of 244 differentiating sequences. Both of these sequence
variations include a low-quality idea followed by an analogy,
which then is followed by a high-quality idea. The prior low-
quality idea may be neither novel nor offer competitive advan-
tage, and when assessed as such, crowd participants form a
motivation to redirect away from the prior idea (Fiske &
Taylor, 1984; Hargadon & Bechky, 2006). This motivation
leads to the contribution of an analogy, thus shifting the
mental space of the prior idea in such a way that subsequent
cognitive efforts to see the problem statement in a new way
are enabled. The crowd participant reading the prior idea and
subsequent contributions then blends the modified mental
space of the prior idea with a mental space of their own,
which then yields a high-quality idea.

In the example below, a prior low-quality idea with regard to
incentive programs and their relationship to success in the
shipping industry is offered, which is then followed by an
analogy that shifts the mental space of the prior idea toward
a focus on digital technologies. As a crowd participant reads
the prior idea and subsequent analogy, they blend the shifted
mental space of the prior idea with a mental space of their
own, yielding a high-quality idea (i.e., RFID to provide better
package tracking).
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Table 1. Sequence Statistics

# of Conditional Conditional Lifts Lifts
Sequence Sequences of Probabilities Probabilities Relative to | Relative to | Difference in
Type this Type Relative to HQ Relative to LQ HQ LQ Z-score*
Significant Sequences Preceding High-Quality Ideas
HQ-QU 39 0.35 0.20 3.09 0.95 4.05
HQ-PA 17 0.45 0.29 4.02 1.34 3.39
HQ-AS-LQ-QU 5 0.39 0.01 3.43 0.05 2.58
QU-HQ-AS 10 0.29 0.01 2.60 0.05 2.43
AN-AS-LQ-AN 3 0.64 0.01 5.66 0.05 1.95
LQ-AN 49 0.20 0.20 1.82 0.95 1.83
Significant Sequences Preceding Low-Quality Ideas
HQ-QU-AS 3 0.01 0.95 0.09 4.44 -2.33
LQ-PA 38 0.08 0.42 0.70 1.97 -2.37
LQ-QU 98 0.09 0.39 0.82 1.81 -3.03
AN-HQ-AS 9 0.01 0.74 0.09 3.46 -3.55

HQ = High-Quality Idea, LQ = Low-Quality Idea, PA = Paradox, AN = Analogy, AS = Assumption, QU = Question. Sequence types marked in
bold are those which were theoretically classified to distinguish between the generation of high- and low-quality ideas.

*The Z-score indicates the difference between lifts relative to high-quality ideas vis-a-vis low-quality ideas, thereby indicating whether a certain
sequence is significantly more likely to be followed by high- or low-quality ideas.

Table 2. Categorization of Sequences

Category

Sequences Preceding High-Quality
Ideas (N = 108)

Sequences Preceding Low-Quality
Ideas (N = 136)

analogies

1. Shifting prior ideas through

Shifting prior low-quality ideas (AN-AS-
LQ-AN, N = 3; LQ-AN, N = 49)

through questions

2. Expanding prior ideas

Inquiring into prior high-quality ideas (HQ-
QU, N =39)

Inquiring into prior low-quality ideas (LQ-
QU, N = 98)

3. Expanding prior ideas

Examining tensions amongst concepts
related to prior high-quality ideas (HQ-PA,

Examining tensions amongst concepts
related prior low-quality ideas (LQ-PA, N

through paradoxes N = 17)

= 38)

Incentive programs are always good for both the
small business and the shipping service business. 1
guess an example would be if you ship 50+ items,
get 10-20% off your total shipping costs. If the job
is done well, it’s a good thing. On the flipside, the
courier service may be offering an incentive pro-
gram to regain credibility for some debacle that
could’ve happened on a previous shipment. I don’t
think this is likely, but it’s just a wild thought. (Low-
Quality Idea)

The best services I’ve ever used was [ShippingCo],
and [ only discovered them after my second cross
continent move. You fill out your application on-
line, the deliver your boxes, with tape/markers

everything you need to box up. They come back
24/48 hours later to pick up and ship off. This
company is also very inexpensive compared to other
companies and local post offices. When your boxes
arrive at their destination they personally deliver
them to the address chosen by you. (all inclusive in
their low cost) PLUS I received them in tip top
condition. (Analogy)

What about using RFID chips that would talk to the
delivery plane and/or truck’s GPS device, for real-
time, anytime, en-route tracking. So technically
you’d be tracking the plane/truck, not the package
(you’d scan the RFID chip on the package upon
placing it on the vehicle, and the vehicle’s move-
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ment can be tracked). I think this would be a huge
opportunity, because I would think one of the bigger
concerns with international shipments is ensuring
your package is safely and indeed on its way.
(High-Quality Idea)

Expanding prior ideas through questions. The second
sequence category encompasses two variations: HQ-QU (N
=39) and LQ-QU (N = 98) for a total of 137 out of the 244
differentiating sequences. The sequence variation that leads
to high-quality ideas (HQ-QU, N = 39) includes a prior high-
quality idea, followed by a question. When the prior idea is
assessed as high-quality (i.e., both novel and offering a
competitive advantage), crowd participants form a motivation
to emulate the prior idea (Kohn et al., 2011). This motivation
leads to the contribution of a question, thus seeking to clarify
the mental space of the prior idea. This encourages
incremental cognitive effort on the part of the next poster to
blend a mental space of their own with the modified mental
space of the prior idea in such a way that another high-quality
idea is generated.

In the example below, the prior high-quality idea concerns a
“portable check printer.” The mental space pertaining to this
idea is then expanded by a question, which highlights specific
concepts regarding mobility in general within the already
introduced mental space. When the next poster reads the
prior idea and the subsequent question, they blend the
expanded mental space of the prior idea with a mental space
of their own, yielding a new high-quality idea with regard to
a mobile app.

It’s such a hassle for frequent travelers who prefer
the security of checks when it comes to international
payments. [PaymentCo] can create a totally inno-
vative product to fix this problem for its clients: the
portable check printer! Think of a calculator sized
check printer which prints currency-customized
checks with a swipe of your credit card. This is per-
fect for middle/high income travelers, whether on
vacation or business. (High-Quality Idea)

Some questions on feasibility, if you could be more
specific on size, mobility (ATM tracks?), security,
efficiency (cash carried). (Question)

Mobile app that tracks the the moving ATMs (ATM
on wheels). Whenever they are close by, we can just
give them a call or poke on the app and they’ll come
so we can deposit or withdraw cash at the conveni-
ence of our current locations. (High-Quality Idea)
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Expanding prior ideas through questions also contains a
sequence variation that leads to low-quality ideas: LQ-QU (N
=98). Aswe have seen above, a prior low-quality idea tends
to give rise to a motivation to redirect, which when coupled
with an analogy that shifts the mental space to a new context
may support blending in such a way that a high-quality idea is
generated. Attimes, however, crowd participants may seek to
emulate an idea, even if it is judged as being of low-quality.
In such a situation, the subsequent problem-related informa-
tion is not properly aligned with the quality of the idea, thus
leading to incremental information contributions (i.e., expan-
sion through inquiry) toward modifying the mental space of
the prior, low-quality idea. This then suggests to the next
poster that emulation of the prior idea is appropriate, which
yields another low-quality idea.

Expanding prior ideas through paradoxes. This sequence
category consists of two variations accounting for 55 out of
the 244 differentiating sequences: HQ-PA (N =17) and LQ-
PA (N = 38). In the sequence preceding high-quality ideas
(HQ-PA, N = 17), the prior idea is assessed as being both
novel and offering a competitive advantage, and therefore
crowd participants form a motivation to emulate the prior
idea. This motivation leads to the contribution of a paradox
(Miron-Spektor etal., 2011; Poole & Vande Ven, 1989), thus
examining tensions between concepts, at least some of which
already exist in the mental space of the prior idea. This
encourages incremental cognitive effort on the part of the next
poster to blend a mental space of their own with the modified
mental space of the prior idea in such a way that another high-
quality idea is generated. Pointing out paradoxical relation-
ships that involve at least some concepts that already exist
within the mental space of the prior idea signals to the next
poster that resolving the identified paradoxes through
blending may be sufficient for generating a new high-quality
idea.

As the example below illustrates, the prior high-quality idea
about a platform for 3D printing of cars is followed by a
paradox that expands the mental space pertaining to the prior
idea through examining tensions between the design capa-
cities of humans and machines. The crowd participant
reading the prior idea and the subsequent paradox then blends
the expanded mental space of the prior idea with a mental
space of their own, generating a new high-quality idea by
identifying specific parts (i.e., a center console) of a car which
may be particularly suited to 3D printing.

It will be cool to see members of the community
participate in creating their own cars through 3D
printing. This could be done in an online platform
where people can share their car designs. Everyone
eventually becomes a car designer! 3D printing will



Lindberg et al. / How Information Shapes Ideas in Online Ideation Contests

give a more realistic picture of the car designs and
drive feedback as to improve the models. (High-
Quality Idea)

It would be very neat to have the cars designed more
by 3D program than by humans, but it might put
human designers out of work. And it is unknown if
computer design can be superior to human [design].

(Paradox)

Many times, in the car, there’s no room for storage
because it just isn’t the right shape or size: you
can’t put large sized McDonalds cup or something
like that. Or maybe you want to put your tissue box
and wallet and have compartments for that. With
3D printed center console, you can have the right
shape and size just to fit you. (High-Quality Idea)

Expanding prior ideas through paradoxes also contains a
sequence variation that leads to low-quality ideas: LQ-PA, N
=38. When a prior low-quality idea is followed by a paradox
(i.e., expansion through examining tensions between con-
cepts), the subsequent problem-related information is not
properly aligned to the quality of the idea. This then suggests
to the next poster that emulation of the prior idea is appro-
priate, which therefore yields another low-quality idea.

Summary of Theory Development Il

In sum, we suggest that participants in an online ideation
contest read prior contributions and judge prior ideas subjec-
tively for idea quality (based on meeting the problem require-
ments). These judgments then motivate participants to create
high-quality ideas—but only provided that the problem-
related information contributed by the crowd is aligned with
whether the prior idea is assessed as high- or low-quality. We
suggest that both high- and low-quality ideas can foster high-
quality ideas through blending—but only if the crowd con-
tributes information that expands the mental space of a prior
high-quality idea and shifts the mental space of a prior low-
quality idea.

We suggest that these judgments of prior ideas occur even in
the absence of crowd-voting mechanisms or official judg-
ments made by the sponsor. Moreover, we suggest that
assessments of the quality of the prior idea give rise to one of
two motivations: emulation or redirection.

Anidea assessed as being high-quality motivates a participant
to emulate this idea, using it as an “exemplar” that suggests
“promising directions for uncovering creative ideas” (Harvey,
2014, p. 331). Under such circumstances, a question or para-

dox posed by the crowd after the idea is useful in expanding
the mental space of the prior idea in such a way that
subsequent blending (Fauconnier & Turner, 1998, 2003) will
yield a high-quality idea.

Assessing an idea to be of low-quality, in contrast, redirects
participants away from the prior idea, encouraging them to
shift the mental space pertaining to the prior idea (Fiske &
Taylor, 1984; Hargadon & Bechky, 2006). Under such cir-
cumstances, an analogy posed by the crowd after the idea is
useful in shifting the mental space of the prior idea to a new
context, thereby enabling subsequent blending (Fauconnier &
Turner, 1998, 2003) to generate a high-quality idea. As such,
both prior low- and high-quality ideas can foster high-quality
ideas—depending on what the crowd posts following the prior
idea. Our theorizing is illustrated in Figure 1.

Discussion I

Our theorizing suggests implications for future research on
crowd ideation processes. Further, our methodological ap-
proach holds implications for research using sequence
analysis.

Theoretical Implications

Our research extends prior work on ideation contests (Bayus,
2013; Kohn et al., 2011; Liu et al., 2014; Wang et al., 2018)
and online brainstorming (Dennis & Williams, 2003; Seeber
etal.,2017). As with that research, we find that the quality of
the prior ideas influences subsequent ideas. Of greater impor-
tance, though, we find that, unlike past research, the quality of
the prior idea is not enough to explain the quality of the subse-
quent idea produced. Instead, what is needed is an alignment
of the quality of the prior idea with the problem-related infor-
mation contributed by the crowd afterwards. This suggests
that future research should focus not only on the ideas them-
selves but also on the sequencing and alignment of specific
types of problem-related information contributed by the
crowd.

These findings suggest avenues for further research. Much of
our theorizing is about latent unobserved processes—crowd
participants subjectively assess ideas when they read them,
different assessments motivate crowd participants’ creativity
in different ways, and crowd participants modify and blend
various mental spaces as they develop a new idea. This begs
questions such as whether crowd participants reliably can
judge the quality of ideas or not. Surfacing these latent cogni-
tive processes is an important next step in research on crowd
behavior.
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Figure 1. How Expanding and Shifting Enable the Generation of High-Quality Ideas through Blending

Our theorizing describes the need for alignment between
assessment of the quality of a prior idea and the type of
problem-related information subsequently contributed by the
crowd. We do not theorize if the crowd is aware of the need
for such alignment, and then contributes accordingly. Is it
possible that some members in the crowd intuit the value that
such alignment provides, and then contribute per such align-
ment? Alternatively, is it possible that the alignment is
simply serendipitous—that the crowd contributes what they
are interested in contributing and it happens that at times the
crowd’s contributions align with the quality of prior ideas and
at other times they do not? Research is needed to uncover
whether there is any intentionality at play here, or whether the
alignment is a foundational stigmergic principle that crowd
participants unconsciously adhere to (Bolici et al., 2015;
Majchrzak et al., 2021).

Our findings also suggest that the particular ways in which
mental spaces are modified by the information content of
subsequent problem-related contributions matter for pro-
ducing high-quality ideas. This implies that further research
is needed on different mechanisms of how mental spaces can
be modified and blended over time to generate various out-
comes of interest. Specifically, researchers may want to ask
what are the cognitive processes underlying emulation and
redirection? Answering this question may help identify rou-
tines and practices (Lindberg et al., 2013) within crowds.
This represents a potential contribution, as crowds have tradi-
tionally been seen as fluid (Faraj et al., 2011) and lacking in
well-defined processes. Recent work has, however, suggested
that structured processes (Faraj et al., 2016) may emerge in
crowds in a bottom-up fashion (Lindberg et al., 2016), but we
know little about how such processes may be structured or
influenced. To support the emergence of structured processes
that are helpful in generating high-quality ideas, future
research may want to investigate how specific platform
affordances (see Dennis et al., 1999; Dennis etal., 1996) may
motivate crowd participants to respond to prior ideas by con-
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tributing information that is likely to stimulate the contribution
of subsequent high-quality ideas.

Alternative theories for explaining the findings should be
developed. For example, is it possible that the results indicate
a particular form of modification and blending of mental
spaces that can be described as “reinterpretation” of earlier
contributions through particular sequences of contributions?
Majchrzak and Malhotra (2016) found that paradoxes followed
by assumptions were more likely to be generative than
paradoxes not followed by assumptions. They suggest that this
was because the assumptions posted by a crowd participant
after another crowd participant posted the paradox helped
validate the paradox (i.e., helped to reinterpret the paradox in
a positive light). Is it possible, then, that a sequence, such as
a question following a low-quality idea, can only generate
another low-quality ideas because low-quality ideas lead to
cognitive inertia (Dane, 2010; Dennis et al., 1997), which
blocks reinterpretation and therefore prevents the generation
of a high-quality idea? Research on such alternative theories
about sequences of crowd contributions is needed.

Finally, our theorizing may be of interest to scholars working
outside of the immediate context of online ideation contests,
especially those who focus on peer-production settings such as
open source software (Lindberg et al., 2016; Singh et al.,
2011) or wikis (Arazy, Lindberg, Lev, et al., 2020; Arazy
Lindberg, Rezaei et al., 2020; Keegan et al., 2015). In such
contexts, what patterns of mental space modifications may lie
behind creative problem-solving and the production of high-
quality artifacts?

Methodological Implications
To support a research program on the sequential patterns of

crowd behavior and its effect on the emergence of high-quality
ideas, sophisticated methods that are sensitive to the sequential
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ordering of contributions varying in content need to be
developed further. This involves, for example, developing
VLMC methods that can use numerical variables as
predictors, as well as multi-level nesting of observations. We
encourage predictive work since there is already substantial
amounts of descriptive and classificatory research on
sequences (Klarner & Raisch, 2013; Sabherwal & Robey,
1993), such as optimal matching-based studies and attendant
methods (Abbott & Tsay, 2000; Gaskin et al., 2014). By sup-
plementing the results of VLMC with lift calculations and
their statistical significance, we have moved VLMC a step
closer to predictiveness. To make VLMC broadly useful as
a predictive tool for IS researchers, however, much more
analytics work is needed.

Limitations

Several limitations of our research can serve to spur on future
studies. It is possible the sequences we uncovered could be
specific to the contexts of the problem statements presented
to the crowd (Seidl etal., 2019). Although high-quality ideas
may emerge in all contexts of idea crowdsourcing, the
sequencing of ideas and information contributions required
may be different depending on, for example, the complexity
of the problems posed to the crowd. In peer-production
contexts focused on more complex artifacts, such as software,
ideas may not be contributed as isolated units but may rather
consist of multiple pieces of interrelated code. Drawing on
the mirroring hypothesis (Colfer & Baldwin, 2016), we may
expect that the sequences that yield high-quality outcomes in
such contexts are more complex than the sequences we have
identified.

Similarly, iteration on ideas and artifacts may differ because
of their degree of path dependence (Van Driel & Dolfsma,
2009) based on the types of tools used to create said artifacts
(Zhang et al., 2021) as well as the flexibility of the artifacts
themselves (Kallinikos et al., 2013; Yoo etal., 2010). There-
fore, a range of problem types based on the degree of flexi-
bility, digitalization, and automation in a particular context
should be examined to ascertain whether the types of
sequences that we have identified apply across a wide range
of problems.

Further, we assumed that the subjective assessments of
quality made by crowd participants matched those of the
executives rating the ideas after the ideation contests con-
cluded. There may, however, be multiple sources of variance
here: crowd participants may rate ideas differently from
executives, and ideas may be rated differently depending on
whether they are rated in real-time or at the end of an ideation

contest. Future research may want to examine the dynamics of
assessing ideas from different perspectives and at different
times.

Finally, the VLMC method employed to investigate the
sequencing of ideas and additional information, while asso-
ciated with benefits relative to other methods, such as the
ability to use subsequences to predict outcomes embedded
within longer sequences, also comes with limitations. The
most severe of these limitations is the inability to use control
variables. Future work needs to develop methods which allow
for analysis of sequences of variable length while incor-
porating control variables.

Conclusion I

Through focusing on sequences of ideas and problem-related
information contributions, this research provides some sugges-
tions for why past research on online ideation contests have
provided mixed findings with regard to the effects of prior
ideas on subsequent ideas. We find that the effect of prior
ideas on subsequent ideas depends on how subjective
assessments of the prior ideas’ quality are aligned with subse-
quent problem-related information contributed by the crowd.
We also illustrate, and provide improvements to, variable-
length Markov chains, thus expanding opportunities for future
research to use this method to predict outcomes of various
sequences of events and activities. Future research should
extend its focus beyond obtaining a range of ideas to choose
from and examine types and sequences of information contri-
butions made by the crowd in-between ideas. Doing so will
shed light on the dynamics of how crowds can yield high-
quality ideas through emulating prior high-quality ideas, and
even use prior low-quality ideas as stepping-stones toward
subsequent high-quality ideas.
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