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Abstract 
Online crowdsourcing challenges are widely used 

for problem-solving and innovation. Existing theory has 
characterized such challenges as tools for tapping 
distant knowledge. By building on information 
processing theory we move beyond this characterization 
and present a perspective that describes innovation 
challenges as virtual places in which ideas are not 
simply submitted or commented upon but knowledge is 
integrated. This perspective shifts the role of 
crowdsourcing challenges from mere tools for 
gathering ideas to representing the locus of innovation. 
Our perspective suggests that three types of knowledge 
affect the quality of integrative solutions: elementary 
ideas, facts, and analogical examples. Based on a large 
dataset, we find that elementary ideas and analogical 
examples are related to increased solution quality, 
while facts are related to decreased solution quality. We 
expand the research on online crowdsourcing 
innovation challenges to include how crowd 
participants influence the quality of solutions through 
the content of their postings.  

1. Introduction  

Online crowdsourcing challenges are popular 
technologies for generating knowledge and innovations 
for knowledge seekers [1]. Examples range from 
question-and-answer communities [43,72] and online 
communities [7,69] to lead user platforms [37,71] and 
innovation challenges [29,44]. The information systems 
and innovation management literature has characterized 
crowdsourcing challenges as tools for gathering 
knowledge that is distant from the knowledge seeker 
and thus contains a high degree of novelty 
[1,30,34,42,47,52]. As tools for collecting ideas from 
distant knowledge, the ideas offered are generated 
outside of the challenge autonomously from others in 
the challenge [10,12,22,29,30,37,62,72].  

An alternative approach in online crowdsourcing 
challenges is to ask participants to offer integrative 
solutions. Integrative solutions are proposed ideas that 
integrate knowledge shared by others [2]. They build on 
and integrate content posted earlier. The integration of 
prior knowledge has been researched in face-to-face 
working teams across many different contexts 
[25,32,66]. This research shows that integrative 
solutions are of higher quality than autonomously and 
individually created ideas [3,32], where quality is 
defined as more novel and containing a competitive 
advantage for the knowledge seeker.  

Integrative solutions (instead of simple ad-hoc 
ideas) are particularly crucial when problems are ill-
structured, that is when a problem’s “structure lacks 
definition” [60:181]. Ill-structured problems are 
opposed to well-structured problems, which often can 
be solved mathematically. By contrast, solving ill-
structured problems requires systemic and cross-
disciplinary contributions. Multiple perspectives need to 
be taken into account, which can be accomplished by 
integrative solutions. Knowledge seekers increasingly 
use online crowdsourcing challenges for ill-structured 
problems. Examples are open strategy formulation 
challenges for particular organizations [46,70], product 
design or marketing challenges for specific brands 
[12,23], and governmental or non-governmental 
organizations solving societal problems such as “grand 
challenges” [8,11]. Therefore, when crowds are 
involved in solving ill-structured problems, the 
development of high-quality integrative solutions is 
particularly sought. Integrative solutions also provide 
the advantage of consolidating ideas already produced 
by the crowds, thereby reducing the number of overall 
ideas having to be evaluated, and overall becoming 
more valuable for the knowledge seeker [52].  

Of course, integrative solutions vary in their quality. 
Prior research indicates that the content of knowledge 
posted by the crowd may improve the quality of 
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solutions generated in innovation challenges 
[9,22,43,44,56]. Yet there is a lack of research on the 
specific kinds of knowledge affecting the development 
of high-quality integrative solutions in online 
crowdsourcing challenges. Therefore, we ask the 
research question: Does the content of knowledge 
contributions in an innovation challenge affect the 
quality of integrative solutions?   

Based on information processing theory [15,48], we 
identify three types of knowledge that are likely to be 
posted by innovation challenge participants and which 
may be related to the generation of high-quality 
integrative solutions: (1) content containing non-
integrative, ad-hoc ideas that participants suggest to 
solve the innovation challenge question (“elementary 
ideas”), (2) content conveying participants’ knowledge 
about details of the question (“facts”), and (3) content 
containing analogical examples known to a participant 
which have worked to address similar questions in 
different contexts (“analogical examples”). We develop 
hypotheses on how the quality of integrative solutions 
will benefit from prior posts offering (1) more 
elementary ideas, (2) fewer facts, and (3) more 
analogical examples. These hypotheses may appear 
counter-intuitive against the traditional team problem-
solving literature [51,63], which suggests the limited 
value of idea brainstorming, assumes a positive value of 
sharing facts, and decries analogies. Based on 
information processing theory, we argue that in online 
innovation challenges—where elaborate back-and-forth 
conversations are limited—information that is most 
easily processed will foster higher quality integrative 
solutions. Facts are difficult to process because, in the 
context of a crowd, they are not easily verifiable or 
refutable without significant extra work, discouraging 
the creation of high-quality integrative solutions. In 
contrast, elementary ideas and analogical examples are 
more easily processable since they do not need to be 
verified nor particularly well-understood if their value is 
to stimulate new solution-ideas [15].  

We empirically test our hypotheses on a dataset of 
more than three thousand posts offered in 21 innovation 
challenges calling for solutions for ill-structured 
problems. This dataset is special in the regard that crowd 
participants were encouraged to share any knowledge 
about the problem they would like, not just the ideas for 
solving the problem or comments on others’ ideas 
(Majchrzak and Malhotra 2020). We coded the content 
of the posts for the three types of knowledge. 
Participants self-identified when a proposed solution 
was integrative by referencing prior posts. Integrative 
solutions were then judged for their usefulness and 
novelty to the organization. Our empirical tests support 
the hypotheses. 

This paper contributes by extending the innovation 
challenge and crowdsourcing literature [1,9,23,29] by 
extending the distant knowledge perspective [1] with the 
integrative knowledge perspective. Thus, we 
characterize online crowdsourcing innovation 
challenges not just as connectors between knowledge 
seekers and knowledge providers Specifically, we 
provide a detailed insight into which knowledge fosters 
or inhibits integration. 

2. Theoretical background 

We tackle the topic of ideation and knowledge 
creation through integrative solutions by building on 
information processing theory. Information processing 
theory describes how new information is perceived, 
filtered, and combined with prior knowledge in order to 
make decisions or execute actions [35,54]. The theory 
has been used to explain decision-making, strategizing, 
and knowledge creation of individuals and 
organizations [24,48,55,57]. Information systems 
researchers have extended information processing 
theory by incorporating information technology in the 
processing of information [53,54] specifically for the 
purpose of new knowledge creation involving groups 
[38]. Prominent examples of information processing 
enabled or enhanced by information technology are 
knowledge repositories (e.g., Wikipedia) and open 
source software development [4,5,21,39,40,67]. In these 
examples, new knowledge is created through interactive 
processing of currently available knowledge by 
individuals. More recently, this perspective has been 
applied to crowdsourcing [43,44]. 

From the perspective of information-processing 
theory, crowdsourcing challenges can be specified as 
“dynamic spaces of collaboration” [19:670], which 
collect, process, and develop new knowledge. Diverse 
and fluid individuals engage in the crowd to different 
degrees and intensity. They draw and add knowledge to 
the common space of collaboration. The knowledge 
available in the space determines what knowledge they 
draw on. This knowledge, in turn, shapes what 
knowledge they contribute. As such, there is a dynamic 
interaction between the individuals’ knowledge and the 
common knowledge space leading to the development 
of integrative new knowledge. Thus, crowds can be seen 
as “anarchical organizations” [14] but with the feature 
of dynamically developing new knowledge. 

The aspect of dynamically developing knowledge 
substantially differs from the more traditional 
perspective on crowdsourcing as a search for distant 
knowledge [1,17,52]. In these traditional perspectives, 
crowdsourcing challenges are mere collections of ideas 
[17]. The ideas are then selected by the knowledge 
seeker [52]. The distant search perspective does not 
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consider possible feedback mechanisms between the 
knowledge sources and the knowledge collected in the 
crowdsourcing challenge. Knowledge is not emerging 
but as a linear output of the inputs. 

To apply the information processing perspective on 
crowdsourcing challenges to the notion of integrative 
solutions, we need to specify the mechanism (i.e., 
recombination and synthesis) and its basis (i.e., different 
types of knowledge) for integrative solutions emerging.  

The way in which outcomes (problem solutions) are 
achieved in crowdsourcing challenges as dynamic 
spaces of collaboration is the (re)combination and 
synthesis of preexisting knowledge to build new 
solutions [2,33,38,59]. The openness and the diversity 
of the challenges push the potential of creating new 
knowledge that can serve as preexisting knowledge—
leading to the development of integrative solutions. 
Thus, the potential of a crowdsourcing challenge to 
develop integrative solutions lies in its ability to make 
crowd participants recombine their knowledge with 
knowledge present in the challenge (i.e., previous 
knowledge posted by others). Thus, the emergence of 
valuable new knowledge is not random but influenced 
by the available knowledge. 

As a basis for recombination and synthesis, 
different types of knowledge are to be differentiated. 
Information processing theory distinguishes four 
aspects of a problem [15,26]: goals, assumptions, 
elements, and operators. In the context of 
crowdsourcing challenges, goals need to be specified 
exogenously by the problem statement or challenge 
question and are not part of the solution-finding 
dynamics. Assumptions are “givens” related to the 
problem. In crowdsourcing, they are spontaneous 
factual responses to the problem by participants. We 
refer to them as facts. The third kind of knowledge, 
elements, are defined as changeable pieces of the 
problem that solve one or multiple aspects of the 
problem; we refer to these as ad-hoc or elementary 
ideas. The fourth kind of knowledge, operators, 
describes ways in which solutions to the problem can be 
implemented. These knowledge types illustrate concrete 
changes that are made to a possible solution. In the 
context of crowdsourcing challenges, analogical 
examples correspond to this type of knowledge. 
Analogical examples describe parallels to the focal 
problem often containing a parallel solution.  

In sum, our perspective builds on information 
processing theory [15,38,54] and applies it to 
crowdsourcing challenges. From this perspective, we 
see crowdsourcing challenges as dynamic spaces in 
which crowd participants can process knowledge 
existing in the challenge (which has been posted by 
other crowd participants) and mix—integrate— it with 
their own knowledge. This integration occurs as a 

process of recombination and synthesis of the 
knowledge. Thereby, three types of knowledge are 
distinguished: elementary ideas, facts, and analogical 
examples. Next, we hypothesize on the relation between 
the types of knowledge and the quality of integrative 
solutions. 

3. Hypotheses development  

3.1. The effect of elementary ideas  

First, we consider the effect of elementary ideas as 
a type of knowledge. The information processing 
perspective, in general, suggests a positive relationship 
between elementary ideas and integrative solutions. 
Elementary ideas provide raw knowledge material, 
representing the basic building blocks for recombination 
and improvement [33,38,59]. Elementary ideas are used 
as the basic ingredients for integrative solutions. Their 
essence represents a potential that can be distilled into 
high-quality integrated solutions. 

Our information processing perspective on 
crowdsourcing challenges suggests a positive 
relationship between elementary ideas and integrative 
solutions not because the elementary ideas are precisely 
represented in the integrative solution proposed, but 
because prior elementary ideas may spark new 
possibilities for solving the problem when considered in 
the context of other knowledge offered [6]. On their own 
(i.e., when not processed) elementary ideas are not 
contributive to the problem-solving outcome. Their 
limited potential in isolation is supported by research on 
brainstorming, face-to-face as well as online, shows that 
mere collections of ideas without the attempt of 
integration yield very poor innovation outcomes 
[50,51]. They are insufficient in isolation but a crucial 
basis for integrative solutions. Only when integrating an 
elementary idea with other knowledge, aspects or even 
inferences from the idea may be sufficient to generate 
novel combinations in one’s creative mind [20].  

Besides their positive influence, elementary ideas 
lack a detrimental effect even if they are not helpful to 
the problem at hand. Elementary ideas do not disturb the 
information processing process even if they are not 
consistent with others’ knowledge and cannot be 
processed [15]. As long as the goal of the innovation 
challenge is sufficiently clear, elementary ideas can be 
unclear or even straight out wrong. Others do not need 
to understand them completely to be able to decide 
whether they are useful or it is impossible to build on 
them [15]. Thus, elementary ideas do no harm 
information processing even if they are useless. The 
positive potential and the lack of a disturbing influence 
leads us to our first hypothesis.  
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Hypothesis 1 (H1): There is a positive relationship 
between the number of elementary ideas shared by the 
crowd and the quality of integrative solutions.  

3.2. The effect of facts 

Facts are assumptions about how the world operates 
with respect to the problem [15]. They may describe the 
severity or the frequency of the problem, documented 
customer needs to be considered during the solving of 
the problem, or reference to sources about possible 
causes of the problem.  

Our perspective of information processing theory 
predicts a negative relationship between facts and the 
quality of integrative solutions in online crowdsourcing 
innovation challenges. Factual assumptions require 
deeper processing than elementary ideas because 
assumptions are shaped by the individual participant's 
mental model about the problem as well as the 
individual’s background and experiences, both are not 
explicit to others [15]. Thus, integrating facts into 
solutions becomes difficult in the context of 
crowdsourcing. Particularly when it comes to ill-
structured problems, facts are problematic to process 
because the relevant assumptions to bring to bear on the 
problem are not always clear at the outset of problem-
solving. From research in contexts other than 
crowdsourcing, the difficulty of processing factual 
assumptions has been shown to harm performance [16], 
get confused with unrelated knowledge when not clearly 
articulated [51], and harm the reuse since assumptions 
thought to be important for reuse may not be relevant 
[64]. Facts can contradict other facts, making it difficult 
to distinguish useful knowledge content from useless 
ones in order to better understand the problem [49,61]. 
In crowdsourcing challenges, such contradictions can 
develop into unproductive discussions about the 
correctness of one fact over the other, distracting from 
the goal of solving the problem. Thus, facts are likely to 
add unnecessary “noise”, which is in the best case 
useless and in the worst case so difficult to process that 
they confuse and distract the crowds. Thus, we put 
forward the following hypothesis.  

Hypothesis 2 (H2): There is a negative relationship 
between the number of facts shared by the crowd and 
the quality of integrative solutions. 

3.3. The effect of analogical examples 

Finally, we consider the effect of analogical 
examples on the quality of integrative solutions. 
Analogical examples, as defined in the framework as 
parallel (partial) parallel solutions to the focal problem, 
represent solutions for problems that have parallels to 
the focal problem. Analogical examples can help to 

solve the problem by describing personal experiences 
with solutions that have worked in other contexts [18]. 

Information processing theory ascribes a powerful 
role to analogical examples, especially when it comes to 
solving problems demanding high levels of creativity. 
Symbolically speaking, analogical examples provide 
bridges between the focal problem and a solution that 
works (partly) for another problem. The more remote 
the analogical (part-)solution is from the focal problem 
(i.e., the longer the bridge), the higher the creative 
potential for developing a novel and working solution 
[13].  

Similar to our information processing perspective, 
the traditional perspective on online crowdsourcing 
recognizes the role of analogical examples. The notion 
of distant knowledge in the traditional perspective [2] is 
essentially a form of describing analogies. However, 
this view does not consider the need to synergizing the 
content of analogical examples but the information 
processing perspective advocates the need for 
synergizing. As such, analogical examples are not 
helpful for the focal problem since they explicitly relate 
to the analogical, remote, problem. Thus, integration is 
necessary. Prior research supports this by arguing that 
analogical examples are much more effectively 
processed by groups than by individuals [30]. 
Analogical examples are easy to be processed. They 
allow crowd participants to take others’ perspectives 
without the need to know them [1,22,75]. Although 
analogical examples are not necessarily meaningful to 
all crowd participants, they only need to be sufficiently 
recognized to trigger a memory that may help to create 
a new solution. Further, analogical examples render a 
deep involvement in the context of crowd participants 
obsolete. Crowd participants can build on analogical 
examples without being deeply invested. Thus, we put 
forward our third hypothesis. 

Hypothesis 3 (H3): There is a positive relationship 
between the number of analogical examples shared by 
the crowd and the quality of integrative solutions.   

4. Research method  

To test our hypotheses, we used a dataset that 
allowed participants to share knowledge about the 
problem without limitations to constrain the knowledge 
sharing or the feedback on others’ suggestions. As such, 
this dataset allowed us to test our hypotheses on 
integration and the types of knowledge shared prior to 
the integrative solution being offered. Additionally, the 
dataset asked crowd participants to solve ill-structured 
problems; as such, integrative solutions were more 
important than might be the case if the problems to solve 
were more structured. Twenty-one crowdsourcing 
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innovation challenges were included in this unique 
dataset.  

The manner in which the data were obtained is 
described in [45] the data are open to the public for 
analysis. The 21 challenges were created with a 
sponsoring organization following specific protocols for 
generalizability across the challenges. Each of the 
innovation challenges (a) posed a clearly formulated ill-
structured problem, (b) broadcasted the open call to 
participate in the event to a set of multiple mailing lists 
specifically relevant to the call to attract a diverse set of 
crowd participants, (c) used its own virtual workspace 
platform to run the event which was standardized across 
the challenges by using the same platform provider 
(Brightideas.com), (d) ran the innovation challenge for 
similar durations (7 to 10 days), and (e) offered similar 
small incentives for the top 3 most novel solutions as 
determined by the sponsoring organization. In total, the 
dataset contains 3171 posts from 486 unique users, who 
had posted at least once. 

Publicly known companies or governmental 
agencies who sought solutions to strategic problems 
sponsored these innovation challenges. Each challenge 
assembled a unique crowd. The sponsoring 
organizations were identified based on university-
affiliated partnerships, in which the Chief Innovation 
Officer or the Chief Executive Officer/Director to 
implement our challenges. The crowds were asked to 
respond to a general strategic question about 
suggestions for the companies’ future development 
plans. Invitations were broadcast on multiple mailing 
lists corresponding to each organization’s activities to 
recruit appropriate participants (e.g., for a toy company, 
the call was posted on a mailing list that young mothers 
are actively involved).  

In all the challenges, the participants were asked to 
follow the same process. The participants were required 
first to register and then chose a pseudonym. The home 
page described the challenge problem/question and 
encouraged participants to post discussion thread 
starters, post comments on discussion threads started by 
others, and vote on other’s posts with an up-or-down 
vote. When participants logged in, they saw the five 
most recent posts.  

All posts were structured as discussion threads 
similar to crowd-based innovation challenges/online 
communities and all participants were required to 
register before posting content [72]. To ensure 
anonymity, participants were also asked to select a user 
name other than their real names to be displayed when 
posting. As the users logged in, they were presented 
with a home page describing the challenge and 
encouraging them to share their knowledge about the 
challenge. Following the welcoming sentences, the most 
recent threads were shown which could be clicked to 

reveal the full contents. On each of the thread’s pages, 
participants could post their comments on the previous 
content; if participants found content that needed 
supplementing, they could also initiate a new discussion 
thread. 

4.1. Categorization of knowledge types 

Our framework hypothesizes that integrative 
solutions are related to certain knowledge types 
previously posted in the crowdsourcing challenge. To 
identify these knowledge types, we categorized all 
posts. We followed the knowledge management 
literature [23,31,44,71] to break down the knowledge 
content of the postings into elementary ideas, facts, 
analogical examples (to construct our independent 
variables), integrative solutions (to construct our 
dependent variable), paradoxes (a control variable that 
is necessary given earlier research [43,44]), and posts 
containing no knowledge.  

The categorization was conducted by two coders 
after all the challenges were closed. The two coders are 
experts in innovation management. One of the coders is 
an author of this paper and the other one a business 
analyst hired for the categorization tasks. In a first step, 
the coders independently read all 3171 posts and then 
decided for each post whether it contains any relevant 
knowledge at all. Posts containing no knowledge 
typically only said “Yes, I agree” or “Not so sure about 
this”. These posts were labeled as “Others”. Each of the 
remaining posts was coded in accordance with the 
knowledge content types based on the coders’ review of 
both the title and the main body of each post. A 
reasonable inter-coder reliability (Cohen’s Kappa = 
0.74, p < .001) was obtained at the completion of the 
coding process [13], and disagreements were resolved 
through subsequent collaborative reading and coding. 
As a result, a total of 213 integrative solutions were 
coded in addition to the other knowledge types of posts. 
The resulting categorization was used to construct the 
variables, which we describe in the following.  

4.2. Variable construction 

As our independent variables, we counted the 
number of each knowledge content type that occurred in 
a window of five posts prior to each integrative 
solutions. For each hypothesis, a variable was 
constructed, which resulted in the variables: #Facts in 
window, #Elementary ideas in window, #Analogical 
examples in window. 

To construct our dependent variable—integrative 
solution quality—we followed the following procedure. 
First, we asked senior executives (either chief 
innovation officer or for smaller firms a c-suit 
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executive) in the organizations that sponsored the 
challenged to rate ideas from their respective crowds on 
two dimensions. The first dimension was the novelty of 
the solution, i.e. the solution was one that the 
organization had previously been aware of or had 
contemplated themselves. The second dimension was 
the competitive advantage creating potential of the 
solution, i.e. if the solution was implemented it would 
give the organization a distinct advantage over the 
competition. Both dimensions were measured using a 
seven-point Likert scale. 

Second, in order to normalize the ratings across the 
different challenges, since each executive only rated the 
solutions from their sponsor challenge, we used the 
procedure outlined in [36]. Using the ratings of the 
executives as subject matter expert ratings, we trained 
two independent raters to evaluate the integrative 
solutions across all the challenges. In addition, the raters 
were engaged in a thorough examination of the current 
offerings and strategies for each of the organizations and 
those of competitors. To accomplish this background 
training the raters used each organization’s website as 
well as The Gale Business Insights Complete Collection 
of Business and Company Resources. The training and 
background research helped the independent raters 
develop repeatable heuristics to replicate the logic of 
senior executives ratings, and so to be able to rate all 
solutions across all the challenges vis-vis executive 
raters who only rated solutions rated to their 
organization’s challenge. At the end of this procedure, 
the two independent raters’ ratings demonstrated an 
interrater reliability of 71.2%. Finally, the integrative 
solution quality score was calculated by combining the 
two dimensions of novelty and competitive advantage 
potential to create 3 levels of quality. Where 3 denoted 
when a solution had a high level of both dimensions 
(occurred 46 times), 2 was when the solution was high 
on one or the other dimension only (occurred 93 times), 
and a solution was rated as 1 (low) if it was low across 
both the dimensions (occurred 74 times).  

We controlled for four other possibly confounding 
effects. First, we considered the posting position as the 
position of each integrative solution relative to the total 
length of the challenge. Later integrative solutions 
might be of lower quality because the crowd might have 
exhausted its creative potential. Alternatively, they 
could be of higher quality because more knowledge has 
been accumulated. Second, we take into account the 
number of different participants in the window 
(#Different contributors in window). This variable 
controls whether the contributions stem from the same 
individuals. Third, we controlled for the prior number of 
integrative solutions in the window (#Integrative 
Solutions in window). These prior integrative solutions 
could have captured the contributed knowledge. They 

also can be used as knowledge sources for developing 
integrative solutions. Fourth, we control for the 
knowledge content type of paradoxes in the window 
(#Paradoxes in window). Paradoxes have been shown to 
influence ideas. Thus, it is possible that they are also 
used for integration and affect the quality of integrative 
solutions. Finally, for challenge-specific characteristics, 
we controlled by adding fixed effects on the challenge 
level.  

4.3. Hypotheses tests 

Table 1: Main results 
 Dependent variable: 

 Integrative Solution Quality 
 (1) (2) 

Posting position -0.292* -0.208*** 
 (0.138) (0.057) 

#Different 
contributors in 
window 

-0.054 -0.053 

 (0.052) (0.028) 

#Integrative Solutions 
in window 

-0.036*** -0.028 

 (0.008) (0.015) 

#Paradoxes in 
window 

0.023 0.029 

 (0.041) (0.027) 

#Elementary ideas in 
window (H1) 

 0.080** 

  (0.027) 

#Facts in window 
(H2) 

 -0.219*** 

  (0.065) 

#Anagogical 
examples in window 
(H3) 

 0.166*** 

  (0.022) 

Observations 213 213 

Adjusted R2 0.057 0.134 

F Statistic 
1.852* (df 

= 15; 197) 
2.816*** (df = 
18; 194) 

Note.  *p<0.05; **p<0.01; ***p<0.001 

In order to account for unobserved heterogeneity on 
the level of the innovation challenges, we used fixed-
effects regression models and clustered the standard 
errors. Table 1 shows the results. Model 1 uses the 
control variables only and Model 2 adds the independent 
variables. 

The results show that Hypothesis 1 is supported. 
The number of elementary ideas in the window 
(#Elementary ideas in window) is positively related to 
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the quality of integrative solutions. Hypothesis 2 
predicted that the number of facts in window (#Facts in 
window) reduces the quality of integrated solutions. Our 
tests support this hypothesis by showing a negative 
significant effect. Finally, Hypothesis 3, which 
predicted a positive effect by the number of examples in 
the window (#Examples in window) on the quality of 
integrative solutions is supported. Thus, all hypotheses 
of our framework are supported. 

When comparing the magnitude of the effects, we 
find that the negative effect by facts is strongest (-0.219, 
p < .001), the examples have the second strongest effect 
(0.166, p < .001), and the smallest effect have 
elementary ideas (0.080, p < .01).  

5. Discussion 

In this study, we developed an information 
processing perspective on integrative solutions in 
crowdsourcing challenges. Our tests support our 
hypotheses. They show that facts (i.e., objective or 
perceived data) reduce the quality of following 
integrative solutions (H2) while elementary ideas and 
analogical examples increase the quality (H1 and H3).  

5.1. Implications to theory 

Our main contribution to the crowdsourcing 
challenge literature is to provide the notion of 
information process and integration as a new 
perspective of online crowdsourcing innovation 
challenges based on information processing. This 
perspective characterizes online crowdsourcing 
innovation challenges as tools to generate new 
knowledge rather than only to collect existing 
knowledge that is distant to the knowledge seeker. Our 
perspective regards crowdsourcing challenges as 
entities in which information processing can take place. 
Doing so, we extend and complement the currently 
prevailing perspectives on crowdsourcing innovation 
challenges, that is, the perspective of distant search for 
knowledge [1,17,52]. The perspective of distant search 
has focused on the generating of large numbers of 
elementary ideas or the quality of single isolated ideas 
as the main purpose of crowdsourcing challenges 
[12,23,65]. Specific emphasis has been put on the ability 
to tap “distant knowledge”, which is knowledge that is 
remote and novel to the knowledge seeker [1,52]. By 
contrast, the notion of information processing to 
develop integrated solutions takes crowdsourcing one 
step further and looks at the crowds’ ability to 
collaborate and integrate its own knowledge. It elevates 
the importance of crowdsourcing challenges as socio-
technical artifacts. Crowdsourcing challenges are not 

merely tools for collecting a large number of 
suggestions but virtual spaces for developing solutions.  

Similarly, the notion of integrative solutions 
extends and complements the strong focus on the 
participants and their characteristics as a source of 
knowledge, which is a dominant perspective in research 
on crowdsourcing [18,23,27,29,37,41,58,72] and 
related contexts such as open source software 
development [28,68]. Instead of providing just a tool to 
tap participants’ knowledge, crowdsourcing challenges 
become the locus of innovation in which participants 
actively engage in order to develop integrative 
solutions. This put the participants into an information-
processing role. Participants not only throw their private 
knowledge towards the knowledge seeker. Instead, they 
try to build on earlier elementary ideas and 
contextualize their contributions (as we have shown in 
H1 and H3). Facts as difficult to process knowledge 
inhibit novel and useful qualitative salutation to emerge. 
Thus, participants are not only the carriers of knowledge 
but also actively build upon each other’s knowledge and 
generate emergent knowledge in the form of integrative 
solutions.  

5.2. Practical implications 

Our results have several implications for managers 
and designers of crowdsourcing challenges. We 
recommend stimulating the posting of elementary ideas 
and analogical examples. This can be achieved by 
triggering or rewarding these kinds of posting. For 
example, as soon as the discussion in the crowd 
becomes too abstract or detached from the context, the 
posting of analogical examples should be triggered by 
displaying stimuli such as “how could these ideas look 
like in the current situation met by our company?” 
Similarly, if too few elementary ideas are available to 
build on, a stimulus might trigger new ideas (“what 
possibilities, in general, could be interesting?”). In 
general, the posting of facts should be avoided by 
making the participants clear that demonstrating their 
knowledge is usually not helpful. In the near future, 
artificial intelligence could help to determine the timing 
for placing these triggers. The postings could be 
categorized automatically and predefined triggers could 
appear at the system’s discretion.  

Overall, knowledge seekers using crowdsourcing 
challenges ought to think of crowdsourcing as a 
dynamic and interacting locus of innovation instead of a 
mere technical tool to gather elementary ideas and then 
select the best fitting [17,52]. Innovation can take place 
inside the crowdsourcing challenge, which renders it the 
locus of innovation in which integrative solutions can 
emerge.  
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5.3. Limitations and future research 

In this study, we have adopted a knowledge sharing 
and integration view in the crowd based on information 
processing in order to focus on crowdsourcing as a locus 
of innovation. Thereby, we ignored differences in 
individuals, such as their creativity and extraversion. 
Although this is a useful step in order to establish our 
integrative perspective, further research is needed that 
considers both the information processing perspective 
and individual characteristic differences. It is likely that 
there is a correlation between the types of knowledge 
and the characteristics of the participants posting them. 
Perhaps, highly knowledgeable participants are more 
likely to post facts, more pragmatic or creative 
participants might tend to contribute elementary ideas or 
integrative solutions. Identifying these relationships 
between participant characteristics and the knowledge 
that they contribute helps to make crowdsourcing 
challenges more successful.  

In this study, we were not able to study the specific 
contents of the knowledge contributions that are used 
for integrations and what contents are filtered. Are there 
some inherent characteristics of elementary ideas that 
make them conducive for being incorporated into 
integrative solutions? A more fine-grained 
categorization of the content posting could help to 
further increase our understanding of the innovation 
emerging. Relatedly, the mechanisms of selecting 
posted knowledge and using it for integration are 
completely unknown and require future research to take 
a cognitive stance. Laboratory settings that allow 
measuring the attention of participants (e.g., through 
eye-tracking) are needed to uncover those mechanisms.  

Finally, our characterization renders crowdsourcing 
challenges as suitable for tackling ill-structured 
problems [60]. Future research should dig deeper into 
the relationship between the structuredness of problems 
and the information processing dynamics in the crowd. 
It is likely that different degrees of problem 
structuredness lead to different dynamics and influence 
the solution quality. 

Altogether, we raise a call for future research on 
crowdsourcing challenges for innovation to emphasize 
the diversity of knowledge contributors, the 
heterogeneity of knowledge they contribute, and the 
mechanisms as well as the dynamics that connect posted 
knowledge to integrative solutions. Such research will 
lead to further design impactions encouraging the 
exchange and integration of diverse knowledge in online 
innovation crowdsourcing challenges. 

6. Conclusion 

As participants in crowdsourcing challenges make 
their diverse knowledge public, others can process this 
knowledge, build on it, and develop new integrative 
innovations. We shed new light with this information 
processing perspective on crowdsourcing challenges by 
investigating 21 crowdsourcing challenges and showing 
that the number of elementary ideas and the number of 
analogical examples most recently posted are positively 
related to the quality of the following integrative 
solutions. The number of posted facts, by contrast, is 
negatively related to the quality of integrative solutions. 
Our work extends the crowdsourcing challenge 
literature. Our notion shifts the locus of innovation to 
the dynamics of the text-based knowledge exchange in 
the crowdsourcing challenge.  
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