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ABSTRACT

Crowd diversity is a key attribute that impacts crowd per-
formance in online collaboration systems. As a structural
composition of a crowd, diversity is likely to influence crowd
performance through communication processes during col-
laboration. This study examined how diversity influenced
crowd performance under different conditions of task conflict
and communication in Wikipedia article production. With a
sample of 5,899 articles, we found that contribution diversity
positively predicted crowd performance, whereas experience
diversity was negatively related to performance. In addition,
task communication and conflict partially mediated the rela-
tionship between crowd diversity and performance. Task com-
munication positively predicted performance for both forms
of diversity. Task conflict, on the other hand, was positively
predicted by expertise diversity, but had negative associations
with contribution diversity and performance. The findings
help unpack the reasons for differential effects of diversity
on crowd performance, and demonstrate the importance of in-
cluding communication variables when studying online crowd
collaboration.
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INTRODUCTION

Recent years have witnessed a proliferation of various forms
of online collaboration, with prominent examples including
open source software development and Wikipedia [5, 8, 24].
Different from traditional offline collaborations, these online
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collaborations often rely on large, distributed crowds without
formal organizing structures. Yet the crowds can be incredibly
intelligent even when working on complex tasks [40, 14].

What makes a large, distributed group of individuals so in-
telligent? According to theory and research on crowd col-
laboration, a key factor that contributes to the "wisdom of
the crowd" is the diversity contained in a crowd [32]. Large
groups are likely to consist of diverse individuals with non-
redundant information, perspectives and experiences, which
may enhance collective performance. However, to harness
the wisdom of the crowd, diversity in a crowd needs to be
effectively integrated. The integration of diversity is often
not only a mathematical aggregation process, but also a social
process that requires communication and coordination within
the crowd. Research on group collaboration has found that
diversity may have paradoxical effects on group performance
because, apart from the potential benefits, differences may
also result in higher communication costs and even conflicts

[44, 16].

Hitherto, research on Wikipedia has found that the diversity
of editors who contribute to Wikipedia articles or projects
is related to several group outcomes, including productivity,
article quality, and member retention [20, 37, 36]. However,
little existing research has directly investigated how crowd
diversity influences crowd performance through processes of
task conflict and communication.

To address this issue, our study examined task-related conflict
and communication as mediators between crowd diversity and
performance. The hypotheses were tested with a sample of
5,899 Wikipedia articles using bootstrapped mediation anal-
ysis. In the following sessions, we will start by defining and
reviewing relevant concepts and theories. We will then pro-
pose our hypotheses, discuss analytical method and present
our results. The paper will conclude with a discussion of key
findings, limitations, and directions for future research.

LITERATURE AND THEORETICAL MODEL

Diversity in Wikipedia

Diversity is the distribution of differences among the members
of a group regarding a common attribute [12]. Following this
definition, diversity in Wikipedia is treated as a characteristic
of the group of editors who contributed to the same article.
The theorization distinguishes between two types of diversity:
contribution diversity and experience diversity. Contribution
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diversity is the difference in editors’ within-article edits. Expe-
rience diversity is the difference among editors’ previous edits
within Wikipedia in general. We focus on differences of edi-
tors’ editing behaviors rather than other commonly used traits
such as demographics, because previous research on diversity
in virtual groups suggests that the salience of detectable or
surface-level demographic differences tends to be attenuated in
computer-mediated contexts [3]. Therefore, studying observ-
able behavioral differences among editors better captures the
collaboration dynamics in online systems such as Wikipedia.

The study operationalizes contribution diversity as the coeffi-
cient of variation of the number of edits each editor contributed
to a Wikipedia article. This operationalization closely follows
Kittur and Kraut’s [20] operationalization of "implicit coordi-
nation". In their study, implicit coordination was measured as
the Gini coefficient of the editors’ number of edits within an
article. The same metric was used by Robert and Romero [38]
to operationalize "local workload diversity". In the current
study, coefficient of variation was chosen over Gini coefficient
because we are more interested in the variation rather than the
concentration of editors’ edits within-articles.

Experience diversity reflects variation in editors’ overall edit-
ing experience and commitment to Wikipedia. High experi-
ence diversity indicates a large discrepancy among editors’
experience in Wikipedia. For articles with low experience
diversity, the editors tend to be equally senior (or junior) in
Wikipedia. The variable is similar to tenure diversity examined
in previous research, which was measured as the coefficient of
variation of editors’ time in Wikipedia [36, 6]. In our study,
experience diversity is operationalized as the coefficient of
variation of editors’ total edits, since actual volume of edits can
better represent editors’ editing experience within the system.
This operationalization is similar to Robert and Romero’s [37,

] construct of "global workload diversity", although they
measured the Gini coefficient rather than the coefficient of
variation of editors’ contributions to other Wikipedia articles.

Task Communication in Wikipedia

Wikipedia articles have dedicated talk pages or discussion
pages. These are local, low-cost venues that editors can use
to communicate with each other. They provide a forum for
editors to coordinate their editing work, discuss policies and
procedures, resolve conflicts, and invite assistance from other
editors [22]. A content analysis of Wikipedia talk pages found
that talk pages are most often utilized to request coordinated
editing, request other people to edit, request to join a discus-
sion, request an opinion, request information, request tasks to
be carried out, and FYT information [26]. Content that could
not be categorized into this schema accounted for only 2% of
total content. Hence, the amount of edits in article talk pages
are good indicators of the amount of communication efforts
devoted to article production. Thus, the volume of talk page
discussion is used to reflect the level of task communication
in Wikipedia article editing. It is the same metric used in [20].

Task Conflict in Wikipedia
Conflict in groups is defined as incompatibilities among group
members [15]. Task conflict widely exists in Wikipedia ar-
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ticle production process [22, 45]. One common behavioral
manifestation of task conflict in Wikipedia is edit reverts [43,

]. A revert refers to a situation in which an editor changes
an article back to the previous version. Any work done on
the article before the revert (including the revert itself) is lost
[22]. A revert is likely to happen when one editor find the
previous edits incompatible with her opinions. It suggests dif-
ficulty in reaching consensus, incompatibility among editors,
and may even lead to editing wars [43, 22]. It is therefore a
strong indicator of conflicts within the group of editors who
work on the same article. Conflict manifested as reverts may
sometimes benefit article production by protecting edits from
vicious vandalism. However, if editors of an article spend too
much time revoking each others’ edits rather than contributing
new contents to the article, the quality of the article is likely
to suffer [1].

Related Work

To investigate the relationship among diversity, conflict, com-
munication and crowd performance, the current study builds
on the three bodies of work. The first body of work is rooted in
theory and research on the wisdom of the crowd. Previous re-
search on crowd collaboration generally holds a positive view
of diversity, treating it as one of the most critical bases for the
wisdom of the crowd [31, 40]. Diversity benefits the perfor-
mance of the crowd in at least two ways [32]. First, as diversity
increases in the crowd, the aggregated crowd performance gets
closer to the mean. For example, in a problem solving task,
diversity ensures that the average crowd performance can at
least achieve the group mean. In collective estimation tasks,
diversity cancels out errors in individual estimates, making
the aggregated result closer to the real value [40]. Second, the
marginal return of one category (one specific type of expertise)
decreases as the category gets larger. Having a group of partic-
ipants distributed across a number of categories, compared to
having all group members concentrated in the same category,
is likely to improve the performance of the whole group.

Nevertheless, this view implicitly assumes a mathematical
aggregation process of human collaboration that is neutral and
conflict free. It ignores the fact that synergy of differences is
also a social process which may result in various collective
dynamics. Simple aggregation may work well only when
social interaction is completely absent in the collaboration
process.

The second body of research, drawing from small group re-
search, suggests that diversity in interactive groups can some-
times result in detrimental group dynamics, such as high cost
of communication and increased conflicts [41, 42, 16, 44].
In fact, homogeneous groups tend to have greater levels of
cohesion and more positive affect among members [23]. Dif-
ferences in readily detectable attributes (such as race, ethnicity,
language, gender, and age) are more likely to negatively in-
fluence group identification, psychological safety, and group
satisfaction, particularly in the early formation stages of work-
ing teams [25].

Yet it may be difficult to directly apply research on small
groups to the current context, since online crowd collaboration
bears a number of features that are distinct from traditional
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offline collaboration. To begin with, the crowd is much larger
in size. Research on small groups typically studies groups or
work teams with 3 to 20 members. In online collaborations,
it is not uncommon to have hundreds or even thousands of
individuals working together on the same task. The signifi-
cant increase in size is likely to alter the internal dynamics
in collective actions, influencing members’ contributions and
interactions with each other [29]. A second and related feature
of crowd collaboration is that unlike small, face-to-face groups,
the crowd in online collaborations are often geographically
dispersed. They work together asynchronously via mediated
communication, or sometimes, with no communication at all.
Research on virtual teams has had inconsistent findings about
diversity’s effects on group performance. Some has found
positive influences of diversity on group dynamics and perfor-
mance [39], while others have suggested negative effects on
group performance [33]. Overall, the research suggests that
the effects of detectable demographic differences tend to be
attenuated because crowd participants do not often interact
face-to-face [3]. However, conflicts can happen in collabora-
tions via deep-level, cognitive diversities (e.g. differences in
behavior and expertise) []. The current study thus focuses on
the latter type of diversity.

The third body of work comes from previous research on
Wikipedia and other online collaborative communities. The
research has, directly or in directly, examined the influence
of several types of diversity on collective outcomes [20, 37,

]. For example, in open source software communities, diver-
sity in contribution and reputation was positively related to
success of software projects[7]. Tenure diversity in Wikipedia
had an inverted-U shaped curvilinear relationship with group
productivity and member retention [36]. Yet in another study,
diversity of editor experience was negative associated with
crowd performance [37]. In addition, diversity of editors’
within-article contribution was found to be positively related
to crowd performance in Wikipedia [20, 36, 37].

Wikipedia is an online system that crowdsources encyclopedia
writing tasks. Collaborative writing tasks on Wikipedia exhibit
two structural attributes. On one hand, collaborative writing
is a divisible task that can be broken into parts, which can
then be completed independently by each editor. This enables
contributions to be distributed and asynchronous, making it
possible to harness the diversity of the crowd consisting of
editors with various levels of expertise and availability. On the
other hand, the task is synergistic rather than merely additive,
because contributions made by each editor need to align with
others’ to make an article flow as a coherent whole. Thus,
communication and coordination is necessary during collab-
oration to integrate the parts contributed by different editors.
Conflicts may also happen during the process. These processes
variables may mediate the relationship between diversity and
performance. Nevertheless, these mechanisms still remain rel-
atively under-studied. Our study aims to contribute to existing
research by including two process variables — task communi-
cation and conflict, to unpack the mechanism through which
diversity influences performance in online crowd collabora-
tion.
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Theory and Hypotheses
Diversity and Crowd Performance
When editors work independently on different parts of a
Wikipedia article, crowd diversity is likely to have a direct
effect on the contents they contribute, even without any di-
rect collaboration among them. Yet different forms of di-
versity may have distinct effects on online collaboration out-
comes. Contribution diversity indicates the differences in
within-article contribution among the group of editors who
worked on the same article. High contribution diversity means
that the distribution of contribution across all editors working
on one article is uneven. In other words, a small number of
editors made most of the article edits while others contributed
only a small portion of the total edits. On the contrary, low con-
tribution diversity indicates that editors of an article have made
even contributions. Previous research on online contribution
has suggested that having an active core group of participants
who outline the task structures can benefit from task coordi-
nation and motivate contribution from peripheral members [7,
]. Diverse contribution among editors within a Wikipedia
article can be considered as a form of implicit coordination
among the editors, which helps to improve collaboration effi-
ciency and outcome [20]. Therefore, it is hypothesized that:

H1: Contribution diversity is positively related to crowd per-
formance.

On the other hand, experience diversity represents differences
in editors’ overall editing experience in Wikipedia. Editors of
a particular Wikipedia article often come with different levels
of editing experience, commitment to the task, and familiarity
with community policies and rules [ |]. These differences are
likely to result in varied attitudes and opinions about how and
what to contribute to a particular article. When experience
diversity is high in an article, the article is likely to have a
higher diversity of perspectives, writing styles, and levels of
clarity. When these distinctive edits are put together into one
piece, they are less likely to flow well. More coordinating
and structuring work needs to be done to fix an article written
by editors with diverse experiences, but strong top-down co-
ordination is often lacking in online systems like Wikipedia.
Previous research on Wikipedia has found a negative effect of
experience diversity on collaboration outcome [37, 38]. Thus,
we hypothesize:

H2: Experience diversity is negatively related to crowd perfor-
mance.

The Mediating Effects of Task Conflict and Communication

The synergistic feature of collaborative writing in Wikipedia
inevitably leads to communication (direct or indirect) dur-
ing collaboration process, since some editors have to work
on re-structuring the article and reconcile the inconsistencies
generated by different editors. Conflicts are more likely to
happen when a highly diverse group of individuals interact
with each other [41, 44]. Based on existing literature, it is
argued that the effects of diversity on crowd performance in
interactive groups are at least partially mediated by the conflict
and communication processes during collaboration. Also, the
two types of diversities — contribution diversity and experience
diversity, are likely to have distinct effects on internal conflict
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and communication processes due to the features of crowd
collaboration in Wikipedia.

The divisibility of collaborative editing in Wikipedia allows
editors to sometimes work independently on one part of the
article. Independence prevents the direct clash of different
perspectives and opinions, limiting potential conflicts among
the editors working on the same article. Therefore, contribu-
tion diversity, which decreases the chance of direct encounters
among participants, is likely to reduce task conflicts. In addi-
tion, when contribution diversity is high, editors of the same
article contribute unevenly in the article, implicitly agreeing to
take on different roles in the collaboration process [20]. This
is also likely to lower the probability of disagreements and
task conflicts during collaboration.

H3: Contribution diversity is negatively related to task conflict
within a crowd.

Moreover, high contribution diversity should lead to higher
task-related communication because editors who are doing the
majority of the work need to inform other collaborators about
the work structure to avoid overlapping efforts and to facilitate
coordination. It is common practice for Wikipedia editors
to claim their responsibilities in article talk pages. We thus
argue that while contribution diversity should be negatively
associated with task conflict within Wikipedia, it should be
positively related to task communication in article talk pages:

H4: Contribution diversity is positively related to task commu-
nication within a crowd.

On the contrary, experience diversity, which indicates differ-
ence in overall editing experience, may impede the synthesis
of different edits made by editors due to a lack of common
ground and mutual understanding [4]. In a group of editors
with high experience diversity, senior editors are more likely
to come across contributions made by newcomers. When
the newcomers’ edits do not meet the requirements of the
Wikipedia community (which is very likely), senior mem-
bers are likely to modify or revert those contributions. This
unwelcoming behavior from senior editors is likely to gener-
ate negative feelings from the junior editors, decreasing their
continued interest and commitment to Wikipedia [11]. Fur-
thermore, if junior editors modify the edits of senior members,
another round of reverting from senior editors is likely to occur.
Therefore, conflict is more likely to occur when experience
diversity is high.

HS5: Experience diversity is positively related to task conflict
within a crowd.

However, these disagreements in article editing may also lead
to increased communication with their collaborators, as editors
may choose to express their different opinions and dissatisfac-
tion in the talk page. In addition, when experience diversity
is high, interactions among highly diverse participants during
article synthesis is more likely to occur. Yet the difference in
their experiences may lead to very different writing styles and
perspectives. More task-related communication is thus needed
to reconcile and resolve these differences and make the article
flow as a consistent whole. Hence:
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H6: Experience diversity is positively related to task commu-
nication within a crowd.

Previous research on small groups has generated inconsistent
findings about the effects of conflict on group performance
[15]. While earlier findings have suggested that conflict within
groups may lead to detrimental group outcomes due to reduced
member productivity and satisfaction [44], later studies have
found that conflict can be beneficial to group creativity and
innovation if disagreements can promote deeper discussion
and cognitive processing of group members [28, 1]. Jehn [15]
suggested that the inconsistency may be resolved by specify-
ing what type of conflict a study investigates. In our study,
the focus is on behavioral task conflict among editors — a pro-
cess in which editors revoke each others’ edits. This focus is
different from previous studies that have examined conflicts
as communication efforts to resolve disagreements on talk
pages [1] or member’s perception of disagreement in groups
[16]. This is because perception of disagreements and verbal
disputes of different views may not necessarily lead to direct
detrimental behaviors to the group product. In fact, if diverse
views can be fully discussed during group communication,
diversity could benefit group outcome and creativity [28, 1].

Nevertheless, task conflict manifested in editing behaviors in
Wikipedia not only demonstrates disagreements and incompat-
ibility among editors, but also generates process loss in article
production. Frequent reverts at least suggest inefficiency in
the group collaboration process. In extreme cases, it may lead
to editing wars that interrupt article production and severely
harm article quality [43, 22]. Task conflict, beyond its contribu-
tion to creative abrasion, may impede collaboration and have
negative consequences [1]. Crowds in online collaboration
communities may suffer more from behavioral task conflict,
since the coordination of conflict resolution is more difficult
virtually than in face-to-face groups[27]. Thus, it is expected
that:

H7: Task conflict is negatively related to crowd performance.

In addition, Wikipedia talk pages are often a place for edi-
tors to coordinate their work, discuss their views and resolve
disagreements. Previous study on Wikipedia has found that
the level of within article communication and conflict level is
positively associated [21, 22]. Yet the causal direction remains
unclear since previous studies were correlational. In the cur-
rent study, we argue that the collaboration process starts with
diverse inputs from article editors, yet differences may lead
to conflicts. When conflicts happen, editors are likely to turn
to article talk pages to inquire about the situation, coordinate
their editing efforts and discuss solutions.

HS: Task conflict is positively related to task communication
within a crowd.

Lastly, task-related communication provides an interactive
channel for the discussion of task-related issues, which helps
coordinate editors’ contributions and synthesize their ideas. It
could also help resolve disagreements and conflicts, thus miti-
gating the negative effects caused by differences and helping
the crowd harness its diverse resources. Empirical study in
Wikipedia has found that task communication was a plausible
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Figure 1. Theoretical Model

way of conflict resolution [45] and was positively associated
with article quality in Wikipedia [20]. Particularly, research
on diversity in Wikipedia has showed that efforts to resolve
disagreements on talk pages benefited collective performance
when the crowd was diverse [1]. Therefore:

H9: Task communication is positively related to crowd perfor-
mance.

The summary of this proposed theoretical model is shown in
Figure 1.

METHOD AND DATA

The data collection was conducted by accessing Wikipedia
API and online query service. A stratified sampling was con-
ducted on nine WikiProjects, which are: History, Sociology,
Geography, Culture, Technology, Mathematics, Science, Phi-
losophy, and Religion. Since topic controversy may influence
within-article conflict, these nine Wikiprojects were chosen to
cover topics of various conflict levels [19]. A similar approach
was used by Arazy and colleages [1]. For each article in the
data set, its complete editing history was collected between
the article’s creation time to April, 2016. The initial sampling
resulted in 6,000 articles. Among them, 101 articles had only
one editor — meaning there’s no potential social interaction at
all. These were excluded from the sample, leaving a final data
set of 5,899 articles.

The unit of analysis, a crowd, is defined as all the editors
who have contributed to a particular article. For each article,
we collected the complete list of editors who had contributed
to the article, as well as their previous editing history. The
data set included 142,908 unique editors. An average editor
contributed to about 4.16 articles. Bots were excluded from
the editor list. Table 1 presents the number of articles sampled
from each topic category.

Dependent Variable

The dependent variable, crowd performance, was measured
as an article’s quality score. We collected each article’s peer-
reviewed quality score (the 5-point scale from high to low
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Geography 2603

History 1183
Philosophy 571
Religion 484

Mathematics 482
Sociology 205
Technology 191
Science 97
Culture 83

Table 1. Number of articles sampled from each topic category

is: Featured Article, Good Article, A-quality, B-quality, C-
quality, and Start-quality. A-level articles are relatively few so
we collapsed A-level with Good Article). This quality score
has been commonly used in previous works and has been
validated by external reliability tests [18, 20, 35]. Then, each
article was assigned a quality score from 5 to 1 corresponding
to letter grade Featured, Good/A, B, C, Start, respectively.

Independent Variables

Contribution diversity: Contribution diversity was measured
as the coefficient of variation of the number of edits each editor
made to an article (log base-10 transformed).

Experience diversity: Experience diversity was measured as
the coefficient of variation of each editor’s previous edits in
all Wikipedia articles (log base-10 transformed).

Mediators

Task Conflict: Task conflict was measured as a function of
number of reverts in an article. To identify reverts, we com-
puted a unique identifier of every revision made to every article
using the SHA-1 hashing scheme (commonly used to check
if text files are identical), and identified it when a later revi-
sion exactly matched the hash of a previous article. This is
consistent with previous research [22, 45] that used the MD5
hashing scheme to detect reverts. To operationalize conflict,
revert counts were normalized with the article length. The
rationale was that the same number of reverts to a short article
should represent higher level of conflict than a longer article.
The Pearson correlation between article length and total edits
in an article is 0.7 (p < 0.001) in our sample.

Task Communication: Task communication was measured
as the number of edits in an article’s talk page (log base-10
transformed).

Control Variables
Article Size: Total number of editors who contributed to an
article (log base-10 transformed).

Article Age: The time difference between an article’s creation
time and April, 2016, the data collection time (log base-10
transformed).

Average experience: The average number of edits contributed
by an article’s editors in Wikipedia (log base-10 transformed).

Method
The hypotheses were tested using bootstrapped mediation
analysis [13] using the PROCESS macro in SPSS. This macro
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provides a tool to run mediation analysis proposed by Preacher
and Hayes [34]. The analysis uses an ordinary least squares-
based path analysis to estimate direct and indirect effects.
Bootstrap and Monte Carlo confidence intervals are used by
the model to estimate indirect effects. This method was chosen
because one of the main goals of the study was to introduce
conflict and communication as two mediating variables to help
explain the relationship between crowd diversity and perfor-
mance. The VIF test results of the variables were all below 10
and the tolerance values were all above 0.1, suggesting that
there were no serious multicollinearity issues within our data.
Table 2 and 3 present the summary statistics and correlation
matrix of variables. The variables were log transformed be-
cause preliminary analysis of the data set revealed that some
of the independent variables were positively skewed.

Statistic Mean St. Dev.
Article Quality 1.42 0.78
Contribution Diversity 1.61 1.16
Experience Diversity 2.39 0.88
Task Conflict 0.004 0.04
Communication 63.01 565.69
Article Size 99.21 196.10
Article Age 7.97 0.71
Average Experience 418775.73  328628.53

Table 2. Summary Statistics

RESULTS

Figure 2 graphically summarizes the results of the mediation
analysis. The number of bootstrapping was set to 10,000. The
coefficients were unstandardized. The control variables were
entered into the model but not shown in Figure 2. Their coeffi-
cients can be found in the specific model equations below.

ArticleQuality = iy + 2.01 x ContributionDiversity — 0.84
x ExperienceDiversity + 0.43 x Size — 1.53
x Age — 0.10 x AverageExperience + e
ey

TaskConflict = ip — 0.88 x ContributionDiversity
+ 0.52 x ExperienceDiversity 2
+ 0.68 * Size — 0.04 x Age(nonsig.)
— 0.30 % AverageExperience + ey

TaskCommunication = i3 + 0.91 x ContributionDiversity
+ 0.55 * ExperienceDiversity
+ 0.20 * TaskConflict + 0.74
* Size — 2.21 x Age — 0.19
* AverageExperience + e3

(©))

6347

CHI 2017, May 6-11, 2017, Denver, CO, USA

ArticleQuality = iy + 1.70 x ContributionDiversity
— 0.80 x ExperienceDiversity
— 0.25 x TaskConflict + 0.13
x TaskCommunication 4 0.49 x Size — 1.27
x Age — 0.14 x AverageExperience + e4
4)

Model (1) regressed article quality on contribution diversity
and experience diversity without mediators. H1 predicted
that contribution diversity is positively related to crowd per-
formance, and this was supported (8 = 2.01,p < .001). H2
hypothesized a negative relationship between experience di-
versity and crowd performance. This was also supported
(B = —.84,p < .001). The R? of this model was 0.54.

170+

Contribution
Diversity

Task

Conflict o5
\2@:w > Performance

13
52 Task

Communication
Experience 4’

Diversity

—80"

Figure 2. Model results. ***p < 0.001,**p < 0.01,%*p < 0.1

To test H3 to H9, the following models added the two media-
tors, task conflict and task communication. As demonstrated
in Model (2), contribution diversity negatively predicted task
conflict (B = —.88,p < .001), whereas experience diversity
was positively associated with conflict (8 = .52,p < .001).
Therefore, H3 and HS were supported. Model (2) had an R?
of 0.69.

H4 and H6 predicted that both types of crowd diversity would
be positively related to task communication. Model (3) sup-
ported the two hypotheses by showing that both contribu-
tion diversity (B = .91,p < .001) and experience diversity
(B = .55,p < .001) were positively related to task communi-
cation. In addition, task conflict was also positively associated
with task communication (8 = .20,p < .001), supporting HS.
Model (3) had an R? of 0.72.

Model (4) is the full model including the independent variables
and the mediators. The model shows that task conflict was
negatively associated with crowd performance (f = —.25,p <
.001), supporting H7. In contrast, task communication posi-
tively predicted performance (8 = .13,p < .001), providing
support for H9. After including the mediators, the effects
of crowd diversity were still significant, suggesting a partial
mediation effect of task conflict and communication on the
relationship between crowd diversity and performance. The
R? of the final model was 0.57.
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1 2 3 4 5 6 7
1. Quality
2. Contribution Diversity 0.53
3. Experience Diversity 0.33  0.43
4. Task Conflict -0.00 0.03 0.10
5. Communication 0.19 0.26 025 0.03

6. Article Size 038 045 0.69 0.09 049

7. Article Age 0.14 022 058 0.05 0.08 0.31
8. Average Experience -0.23 -0.28 -0.55 -0.07 -0.11 -0.35 -0.23

Table 3. Correlation Matrix.

We also tested the robustness of our findings following Baron
and Kenny’s [2] procedure, applying ordinal logistic regres-
sion when the dependent variable is ordinal. The results cor-
roborated the findings observed in the above bootstrapped
mediation analysis.

DISCUSSION

This study examined the relationship between crowd diversity
and performance in Wikipedia article production under dif-
ferent conditions of task conflict and communication. With a
sample of 5,899 articles, the study found that contribution di-
versity was positively related to crowd performance, whereas
experience diversity negatively predicted performance. The
bootstrapped mediation analysis revealed that task communi-
cation and conflict partially mediated this relationship: task
communication was positively predicted by both forms of
diversity, and positively predicted performance for crowd di-
versity as well. Task conflict, on the other hand, was positively
predicted by expertise diversity, but had a negative association
with contribution diversity and performance. Taken together,
the findings suggest the importance of including communica-
tion variables in the study of online crowd collaboration.

The results demonstrated that the relationship between crowd
diversity and performance was partially mediated by communi-
cation processes. While previous work on crowd collaboration
has examined the effects of diversity on crowd performance,
few studies have directly included communication variables
to further investigate the relationship. Our results suggest that
the positive effect of contribution diversity on performance is
partly due to its positive association with task communication
and negative association with task conflict. The mechanism by
which experience diversity depressed performance is partially
due to task conflict associated with it. In addition, task commu-
nication helped to mitigate the negative effects of experience
diversity and conflict on crowd performance.

These findings help reconcile the mixed findings about the
effects of diversity on group performance [12] by showing
that different types of diversity within a crowd may have dif-
ferential effects on a crowd’s communication processes and
collaboration outcome. Contribution diversity, which indicates
the difference among the editors’ contribution level within an
article, was positively associated with crowd performance.
Highly uneven workload distribution across the crowd is likely
to suggest an implicit division of labor among the article’s
editors: with a group of core editors who set up the scope and
structure of an article, and the rest of the workers voluntarily
(also less actively) contribute to the article as outlined by the
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core editors. This diversity makes collaborative editing easier
to accomplish and could improve coordination efficiency [20].

In contrast, experience diversity was negatively associated
with conflict and performance. High experience diversity re-
flects greater difference in editors’ previous contributions and
commitment to Wikipedia. Existing research on online com-
munities suggests that online communities suffer from high
turnover, and retaining newcomers can be important to keep a
community lively [17]. However, this finding suggests possi-
ble gate-keeping behavior of old-timers during collaboration.
It helps to explain the finding that newcomers are hard to retain
in Wikipedia [10]. Distributed collaborative communities of-
ten experience conflicts about group norms. When experience
diversity is high, conflicts are more likely to happen because
newcomers who are not familiar with existing community
norms are working with experienced contributors who may
find their contributions unsatisfying. This negative experience
in newcomers’ initial interaction with the community may
keep the newcomers away from the community. Explicit com-
munication on talk pages, however, seems to be a helpful way
to mitigate this negative effect. Newcomers should therefore
be encouraged to explicitly communicate their task-related
concerns and coordinate with other editors on talk pages to
reduce misunderstandings among the collaborators.

One note of caution is that existing research on groups has
generated mixed findings about the effects of conflict on per-
formance [15]. Conflict can sometimes be detrimental to
group task performance, but may also stimulate innovation
and creativity within groups [28]. The mixed findings about
the effects of conflict may have to do with type of conflicts
researchers investigated [ 16]. The negative effect of conflict
found in the current study partially has to do with the opera-
tionalization of our construct. Conflict here was operational-
ized as number of reverts normalized by article length. It
directly measures the density of editing reverts in a Wikipedia
article, but does not tap into other forms of conflict in editor
discussion and interaction. Previous research on Wikipedia
has found that conflict, as measured by efforts to resolve dis-
agreements in talk pages, can benefit group outcome when
the crowd is more diverse [1]. So we are cautious in claiming
that all task conflicts have negative effects on performance in
online communities.

We are also cautious about making causal claims over the
association between conflict and communication. Kittur and
colleagues [21] found that greater communication was associ-
ated with greater task conflict. Our finding is consistent with
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theirs, but the study does not claim causal relationship between
the two variables since the data is correlational. In fact, Kittur
et al [21] took a similar stance and emphasized in their work
that "...the proportion of article talk was positively associated
with conflict. It is difficult to distinguish whether article talk is
a cause of conflict or a marker of conflict, since much conflict
happens during the discussion of an article (p.222)."

Practical Implications

The results also provided practical implications for designers
of crowd collaboration systems. First, diversity is a collective
level attribute and is relational in nature, since a single editor
cannot be "different" from a nonexistent other. The positive
effect of contribution diversity on crowd performance implies
that crowd collaboration systems should allow and encourage
participants to make different levels of contributions to an
article in order to reach the best collective outcomes. This can
be achieved by rewarding various forms and levels of contri-
bution within the same article. Currently, several Wikipedia
barnstars (such as Typo, Minor, Copyeditor) reward editors
who contribute high quality, minor edits. Yet these barnstars
tend to reward consistent individual efforts rather than contri-
bution in relation to other editors’ behaviors. New barnstars
such as "Coordinator” can be created to award editors who
make minor edits when the overall structure is already laid out
or editors who proactively take a leadership role when most
other editors are making minor contributions.

On the other hand, the negative consequences of experience
diversity suggest that online collaboration systems should help
newcomers to adapt to the community faster and encourage
senior editors to be more friendly to new comers’ contributions.
For example, Wikipedia can identify edits that are contributed
by new editors, and the system can remind other editors to
be friendly to new newbies’ contributions when editors try
to revert newbies’ edits. In the meantime, the community
can cultivate welcoming and friendly behaviors from existing
members to new contributors by rewarding barnstars such
as "Newbie Adviser" to experienced editors who spend time
tutoring newcomers’ editing behavior.

The tutorial page for newcomers should not only list rules of
the community, but also encourage new members to express
their concerns, learn about community rules and coordinate
with other editors using the talk page, since our findings have
demonstrated that communication in the talk page could help
mitigate the negative effect of experience diversity. Senior
editors should also be encouraged to use the talk page to
communicate with other collaborators before reverting others’
contributions directly. A "Communicator" barnstar can be
created to reward editors who use talk pages frequently to
coordinate with other editors.

Limitations and Future Directions

The study has a number of limitations. To begin with, the
data used was cross-sectional which prevents us from making
causal claims based on these statistical correlations. Never-
theless, since crowd diversity is a compositional attribute, the
mediating effects of group processes (for example, commu-
nication and conflict) is a logical argument based on theory
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and empirical evidence. Second, previous research has found
that crowd size may moderate the relationship among crowd
diversity, communication, and crowd performance [37, 38, 20].
In the current study, since the main purpose was to identify the
mediating effects of conflict and communication, crowd size
was included as a control variable rather than a moderator in
the analysis. Future studies could further investigate whether
the relationship in the proposed model is also contingent upon
crowd size.

In addition, this study only sampled articles from Wikipedia
projects. Some other collaboration patterns may exist in ar-
ticles that were not included in Wikipedia projects. These
distinctive patterns may prevent us from generalizing this find-
ing to all articles in Wikipedia. Lastly, previous literature
has pointed out that various types of conflicts exist in online
collaboration systems [9]. Exploring the effects of other forms
of conflict, such as affective conflict or relational conflict, is a
very interesting possibility for future investigation.

It is worth noting that the mediating effect of task conflict and
communication was partial rather than full, suggesting that
crowd diversity could directly influence performance without
going through processes of conflict and communication. This
could be caused by Wikipedia’s task structure and collabo-
ration structure. The core task in Wikipedia is collaborative
editing, which is a divisible task. However, the integration
of the parts requires synergy rather than mere addition. As
a result, editors in Wikipedia can work on selected parts of
an article independently most of the time, but their individual
work needs to be combined to become a consistent and coher-
ent article. This then requires the editors to coordinate with
each other through direct or indirect interaction. Therefore,
crowd diversity can directly influence crowd performance even
without communication among the editors through their inde-
pendent work, but it also impacts the final product indirectly
via the communication and conflict processes during article
integration.

‘We hypothesize that conflict and communication would have
stronger mediating effects between crowd diversity and per-
formance as the degree of social interaction within the crowd
increases. In tasks where individuals give independent so-
lutions without communicating with each other, the effects
of conflict and communication will be negligible. However,
when groups work on a complex, conjunctive task that needs
every member’s input, the social interaction to facilitate co-
ordination is highly essential, and crowd diversity needs to
be integrated and reconciled in the interaction processes in
order to achieve good performance at the collective level. In
the latter case, the mediating effects of communication and
conflict should be much stronger. Future studies can test this
hypothesis by categorizing crowd collaboration systems based
on the level of task interaction, and compare the effects of con-
flict and communication on the relationship between crowd
diversity and performance across different task types.
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