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Nearly any group is subject to turnover: some people leave, while others join. Turnover can be especially high in
online groups, since participation typically is strictly voluntary. We investigated the effects of member turnover
in online groups, specifically in Wikipedia’s WikiProjects. We based our studies on theories from organizational
science, which suggest that it is not just the amount of turnover, but the characteristics of those leaving and
those joining that matter. We characterized leavers and newcomers by their prior productivity, tenure (in
the group or community), and participation in other groups within the larger community. Furthermore,
we considered the moderating effect of group size on turnover. We analyzed data from 88,427 editors who
participated in 1,054 WikiProjects, finding that (1) the positive effects of newcomers to a group were larger
than the negative effects of leavers, (2) prior productivity, tenure, and participation in other groups all played
significant roles, and (3) the effects of leavers and newcomers were amplified in larger groups.
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1

INTRODUCTION

Peer production is now a well-established and successful method of knowledge production, with
Wikipedia and open source software systems such as Linux and Apache as prime examples. Like all
online communities, participation in such communities is strictly voluntary, with people entering
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and leaving continuously. For example, in an average month of the English Wikipedia, 38,628 users
register new accounts and 38,138 users leave the site1 . In the MovieLens film recommendation
community, 60% of new users never returned after one week [27]. The standard term for this change
of membership in a group over time is membership turnover [4].
Membership turnover is ubiquitous in nearly all groups, for example, social groups, work teams,
non-profit organizations, as well as online communities. Therefore, its antecedents and consequences have been studied extensively in the organizational science literature [7, 11]. A common
theme in the literature is the negative consequences of turnover on groups’ productivity due to
the loss of experienced and often productive members [45] who have had central roles in the
organization’s social networks [14], and the cost of training new and inexperienced members
[13]. Some studies have also shown the positive effects of turnover, such as helping screen out
underperforming members [29].
Another perspective, as represented in Hausknecht and Holwerda [21], suggests that the level of
turnover may not be as important as the specific details of the turnover: who leaves, who stays, and
who enters to replace the leavers. Thus, the same level of turnover could have different consequences
depending on these details. For example, turnover would be more damaging when losing a critical
manager in the organization compared to losing a regular employee.
We adopt the last perspective to study the effects of membership turnover in the context of
WikiProjects. WikiProjects are self-organized groups of editors within Wikipedia that are devoted to
improve the quality of articles on specific topics. As a widely-studied platform, Wikipedia provides
rich data archives that allows us to track editors’ editing records and to further investigate the
dynamics between editors and WikiProjects. We analyzed 1,054 WikiProjects in which 88,427
editors contributed a total of 44,135,006 edits over 14 years. We studied both leavers and newcomers,
and characterized both in terms of their productivity, tenure, and additional commitments (i.e.,
membership in ‘other’ WikiProjects). We analyzed the effects of leavers and newcomers on project
performance, including project productivity (i.e., the amount of editing on the project’s topic) and
project planning (i.e., the amount of intra-group planning activities). We also examined how group
size moderates the effects of leavers and newcomers on project performance.
As expected, we found that the ratio of leavers was negatively associated with project performance and that the ratio of newcomers was positively associated with project performance.
More importantly, we also found that (1) overall, the positive effects of newcomers dominated the
negative effects of leavers; (2) the negative effects of leavers were greater when the leavers were
more productive, had shorter project tenure, and had fewer additional commitments; (3) the positive
effects of newcomers were greater when the newcomers were less productive within Wikipedia
prior to joining the projects, had longer Wikipedia tenure, and had fewer additional commitments,
and (4) group size was a significant moderator: large groups’ performance suffered more from
the same ratio of leavers and benefited more from the same ratio of newcomers. Overall, our
findings advance our knowledge of the impact of membership turnover in online peer production
communities and provide practical implications for online community design.
The rest of the paper is organized as follows: (1) we review organizational science and online
community literature on member turnover and use this literature to ground our hypotheses, (2) we
describe the research setting of Wikipedia and WikiProjects along with our data and analyses, and
(3) we present our results and discuss their implications for effective management of online peer
production communities.

1 On

average, 30,012 users leave within their first month, and 8,316 users had been active more than one month. These
numbers are for the 175 months from January 2001 to June 2015 (the range of our dataset).
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RELATED WORK

The effects of employee turnover on the performance of groups and organizations have received
much attention [21]. In recent years, scholars have also begun to study the effects of turnover in
online settings due to the rapid growth and ubiquity of online communities [42]. Overall, scholars
have drawn mixed conclusions about the effects of turnover with some studies showing it to be
harmful [25, 46] and others showing it to be beneficial [18, 29].
The more dominant view argues that turnover is detrimental to organizational performance for
a couple reasons. When people leave, organizational resources are needed to recruit and train new
employees to replace those who leave [13]. Departing employees can not only take away their
human capital (e.g., knowledge, skills, and experience) [6] but may also cause social capital losses
(e.g., disrupt the social networks or work environment for the remaining people) [14]. Meanwhile,
the training and socialization of newcomers impose additional costs and risks. If not appropriately
socialized, newcomers may experience reality shock [33] and cause distraction in the organizations.
The online community literature generally emphasizes the importance of sustaining a steady group
of members to the success of online communities [31]. Members who stick with the communities
help with community activities and sustain the group through difficult times. They are those
who are most likely to create content that others value, such as answers to people’s questions in
technical communities [3], informational and emotional support in online health support groups
[50], software code in open source projects [34], and edits and feedback in Wikipedia [28, 55].
Similarly, when members leave the community, it also depletes the collective-level human capital
and social capital. Therefore, turnover diminishes the resources available to the community and
may threaten its sustainability.
The second view on turnover highlights the potential benefit of turnover when it serves as a
screening function to filter out employees who are unproductive or dissatisfied with the current
organization [29]. Prior studies have also identified turnover to be a valuable mobility process that
vitalizes the organization and enables it to adapt to internal demands and environmental pressure
[19]. In the online environment, Kane and Alavi suggested that certain technology-enabled features,
such as preserving the previous contributions and meta-data in a searchable fashion, can retain
the knowledge in case of member leaving [26]. When the entire collaboration history of an online
production collaboration is preserved, subsequently joined members can review the history to get a
good sense of the norms and past decision processes, which may help mitigate the negative effects
of turnover.
The third view on turnover suggests that moderate levels of turnover are the most optimal for
organizational performance. The rationale is when organizations hire new people to replace those
who have left, the new employees will bring new skills and knowledge to update the existing skills
and knowledge that might have been obsolete or stagnant [44]. Similarly, recent studies of turnover
in online production communities have also suggested that certain levels of turnover can help
online communities thrive. For example, Ransbotham and Kane [42] and Qin et al [41] showed that
moderate levels of membership turnover would benefit content creation, content retention, and
group productivity in Wikipedia collaboration. The reason is that moderate levels of turnover create
a balance between incorporating new information and skills and preserving those the community
already possesses.
To reconcile the mixed findings around the effects of turnover, Hausknecht and Holwerda
proposed a new conceptualization of turnover [21]. Specifically, they argue that the traditional
aggregated measures of turnover as “turnover rates”, although valuable, “conceal variation in key
causal factors that ultimately determine how turnover shapes performance”. They recommend that,
to understand the consequence of turnover, it is crucial to unpack the fundamental structure and
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properties of turnover, particularly who leaves, who stays, and who enters to replace the leavers
[22].
In this paper, we followed Hausknecht and Holwerda’s suggestion to examine the effects of
turnover in subgroups embedded in the large online production community of Wikipedia. Our
hypotheses focus on not only the ratio of leavers and newcomers, but more importantly the
attributes of the leavers and newcomers, such as productivity (i.e., the amount of work the member
has done in the past), tenure (i.e., the amount of time the member has been participating in the
community or subgroup), and additional commitments (i.e., the number of other subgroups the
member participated in simultaneously), and how they might affect the group performance.
Prior studies have explored different factors that can affect group performance. For example,
Chen et al [8] and Vasilescu et al [48] found that group diversity – in terms of member experience,
tenure, etc. – is a strong predictor of group productivity and member retention in peer production
communities. Lam and colleague [32] showed that group composition can influence group decision
quality. Our work, however, studies how the change of group composition (i.e., specific types of
people joining and leaving) affects group productivity. In the following sections, we explain the
theoretical reasoning behind our hypotheses.

3
3.1

HYPOTHESES
Effects of Different Types of Leavers

We first consider the effects of leaver attributes: past productivity and tenure in the subgroup, and
additional commitments at the time they left the subgroup.
Productivity. We hypothesize that the departure of members who are more productive in the
group should be more detrimental than the departure of less productive members for two reasons.
First, productive members take on more responsibilities on creating and maintaining the content
[39]. When productive members leave, the group loses their valuable human capital to do the work
and need to recruit and socialize new members to replace them. Second, productive members often
are more socially embedded and communicate more with other group members [38]. The departure
of well-connected central members might disrupt the social networks and the important social
capital to facilitate group collaboration [30]. In contrast, the departure of unproductive members are
less impactful on group performance because these members make relatively fewer contributions
and communicate with other members less frequently. Therefore, we hypothesize.
Hypothesis 1a: The departure of more productive members has a larger negative impact on
group performance than the departure of less productive members.
Tenure. We speculate that the departure of members who have been with the group for a
longer period of time harms the group performance more than those who have been with the
group a shorter period of time. First, long-term engaged members (old-timers) gain knowledge and
experience through participation and observation. Their knowledge and experience is invaluable
to the group’s productivity and sustainability. Those members often play an important role in
socializing new members, by answering questions, sharing relevant resources, and mentoring
newcomers. In contrast, we expect the departure of members with a short tenure with the group
has a less negative consequence on group performance because they in general play a marginal
role and have not made any substantive contributions to group performance. Moreover, their early
leaving might also be a signal of lack of fit with the group [40].
Hypothesis 1b: The departure of members who have been with the group for a longer period
of time has a larger negative impact on group performance than the departure of members who
have been with the group for a shorter period of time.
Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 2, Article 117. Publication date: November 2017.

Out With The Old, In With The New? Member Turnover in Online Production Groups

117:5

Additional commitments. Lastly, we hypothesize the departure of members without additional
commitments will impact the group more than those with additional commitments. Many online
communities are consist of subgroups, and it is common for a member to belong to multiple
subgroups. For example, a Wikipedia editor may belong to more than one WikiProject. We consider
involvement in other subgroups, in addition to the focal subgroup, as additional commitments.
Individual members have limited time and resources and when a member belongs to multiple
subgroups, these subgroups need to compete with each other for members’ time and effort [49].
Additional commitments or involvement in other groups distract members and limit the time and
attention they can spare to help the focal group [23]. Therefore, the departure of members who do
not have additional commitments has a great impact on group performance; whereas members who
have additional commitments are already allocating their time and effort among multiple groups
and their leaving should have less of an impact on group performance.
Hypothesis 1c: The departure of members who have no additional commitments has a larger
negative impact on group performance than the departure of members who have additional
commitments.
3.2

Effects of Different Types of Newcomers

Our next set of hypotheses focuses on the impact of newcomer attributes, such as community-level
productivity, tenure before joining, and additional commitments at the time they joined the group,
on group performance.
Productivity. The impact of newcomer joining depends on the quality of newcomers. Although
the newcomers are new additions to the subgroup, they may not be new to the large community.
In the case of Wikipedia, an editor may have been with Wikipedia for a while before joining any
WikiProjects. Therefore, we get to observe their levels of productivity prior to joining the subgroups.
We hypothesize that newcomers who were productive before joining the subgroup are more likely
to continue to be productive and take on more crucial tasks in the group [40]. Therefore, the joining
of productive newcomers should benefit group performance more than nonproductive newcomers.
Hypothesis 2a: The joining of newcomers who were more productive before joining the subgroup
has a larger positive impact on group performance than newcomers who were less productive before
joining.
Tenure. Newcomers often differ not only in their prior productivity, but also in their community
tenure and experience. We posit that newcomers with a longer tenure, and hence more experience
with the large community, will benefit group performance more than newcomers with a shorter
tenure or less experience. In both online and offline groups, considerable training and socialization
are required to help new members to adjust to a new environment [1, 9]. Prior experience with the
large community should help newcomers learn group-specific knowledge more quickly and lead to
a smoother transition. Therefore, we predict that the joining of experienced newcomers is more
beneficial to online groups than inexperienced newcomers.
Hypothesis 2b: The joining of newcomers who have more community-level experience has a
larger positive impact on group performance than newcomers with less community-level experience.
Additional commitments. In terms of the effects of the additional commitments, we believe
the same logic for leavers can be applied to newcomers. When newcomers do not belong to any
other subgroups, they are more focused and contribute more, compared to newcomers who belong
to multiple subgroups simultaneously. Therefore, newcomers without additional commitments
should benefit group performance more than newcomers with additional commitments.
Hypothesis 2c: The joining of newcomers without additional commitments has a larger positive
impact on group performance than newcomers with additional commitments.
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Moderating Effects of Group Size on Turnover

One relevant factor that influences the effects of group input on group output is group size [12, 17].
Previous research has shown that group size can moderate the effects of turnover [7].
Compared to small groups, large groups can be more resilient in coping with the departure
of a larger proportion of members [37]. As large groups tend to have more resources and more
members, the departure of some members can be compensated by the remaining members with
similar skills or knowledge.
Hypothesis 3a: The negative effect of a larger proportion of member leaving on group performance is smaller in larger groups than in smaller groups.
We also speculate that large groups can benefit more from a larger proportion of newcomers
than small groups. Large groups possess more available resources to socialize and train newcomers,
which is critical when newcomers enter unfamiliar environments [33]. Therefore, large groups can
be more effective at incorporating a large proportion of newcomers than small groups.
Hypothesis 3b: The positive effect of a larger proportion of newcomer joining on group performance is larger in larger groups than in smaller groups.
4
4.1

METHODS
Study Platform: Wikipedia and WikiProjects

We used WikiProjects within Wikipedia as our study platform. As a prominent example of online
production communities, Wikipedia has attracted millions of editors to contribute to the largest
online encyclopedia in the world. In Wikipedia, WikiProjects provide places for Wikipedia editors
with similar topic interests to collaborate and coordinate their work2 . Each WikiProject has a
project page and a project talk page. Project pages are used to maintain the overall status of the
project, including the content coverage of the articles claimed within the scope of the project,
member guidelines, membership lists, task lists, etc. Project talk pages are used for project members
to communicate with each other and discuss project plans.
We believe WikiProjects provide an appropriate setting for our study. First, WikiProjects is a
well-established example of online production subgroups within a larger community. Given the
similar voluntary nature and structure among those communities, we believe the findings can be
applicable and generalized to other groups, such as projects in GitHub, projects in OpenStreetMap,
etc. Second, the availability of high-quality data archives enables us to derive rich measures of
member attributes and group performance. For example, we can measure editor activities not only
inside and outside the groups, but also before and after joining the groups. This enables us to
unpack the blackbox of turnover and examine the specific attributes of member leaving and joining.
4.2

Data Collection

Our study used the English Wikipedia data dump of June 2, 2015 provided by the Wikimedia
Foundation3 , which includes the complete editing history of all articles in the English Wikipedia.
We used an open source Python package to parse the dump files4 . To construct our sample of
WikiProjects, we used the project templates on articles’ talk pages, which provided information
about which WikiProjects an article belongs to (i.e., some articles belong to multiple WikiProjects).
We excluded projects that never grew to more than three members in any of their active time
periods, which is the minimal size of a group (details about the time period construction will
be explained in the next section). We further excluded projects that are not topical but rather
2 https://en.wikipedia.org/wiki/WikiProject
3 https://dumps.wikimedia.org/
4 https://mwparserfromhell.readthedocs.io/en/latest/

Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 2, Article 117. Publication date: November 2017.

Out With The Old, In With The New? Member Turnover in Online Production Groups

117:7

serve a collaboration purpose, e.g., WikiProject: Manual of Style. Our final sample included 1,054
WikiProjects with an average of 6,368 articles per project.
4.3

Operationalizations

4.3.1 Longitudinal Data Generation. Turnover is a process that happens continuously over time.
Therefore, we needed a longitudinal dataset to investigate its effects. We divided our dataset into
3-month time periods from the inception of the first WikiProject in January 2001 to the end of our
dataset in June 2015, resulting in 62 time periods. We followed previous work [41] and chose three
months as the time window. At the same time, each WikiProject has its own life cycles that span
some time periods between 2001 and 2015. The average lifespan of a project is 25.7 time periods, or
about six and a half years.
We computed all of our independent variables, dependent variables, and control variables for
each project in all time periods during which the project was active.
4.3.2 Types of Editors. We defined three types of editors by examining data for the current
3-month analytic period and the immediately preceding 3-month period.
Leavers were active in the previous time period, but not in the current period. We defined an
editor as active in a time period if the editor made any edits on the project page or the project
talk page, or made at least 5 edits on the articles belonging to the project. Any of these types of
activities indicate project activity, either directly improving relevant articles or else communicating
about the project generally.
Remaining members were active in both the previous and current time periods (using the
same notion of an active editor).
Newcomers were active in the current time period, but not the previous period. Here we took a
slightly more restrictive approach, following prior research to operationalize the notion of becoming
active or joining a project [35, 53]. Specifically, we defined an editor joining a project in a time
period only if the editor made his or her first edit to the project page or project talk page (having
more than five edits on the relevant article pages is no longer a criteria), because we considered
joining a project to be more intentional and explicit that required a clear “sign-up” action compared
to leaving a project.
4.3.3 Independent Variables. We built four sets of models to explore the effects of different
turnover factors on project productivity and planning. The independent variables for the models represented leavers from and newcomers to projects. For both of these types of editors we
operationalized the three factors we described earlier: their productivity, tenure, and additional
commitments. Moreover, we used the ratio of each type of editors over the total number of project
members in a project during a time period to normalize for project size; intuitively for example,
when 5 out of 10 editors leave a project, the effect is likely to be significantly different than when 5
out of 100 leave. Therefore, all our independent variables represent ratios, so each variable descriptions should be understood to end as follows: “... divided by the total number of project members at
the given time period”.
Basic variables
• Leavers: the number of leavers.
• Newcomers: the number of newcomers.
Variables for Leavers
• Productive leavers were those whose accumulated activity level in the project was above
the median activity level of remaining project members (Recall that we included edits on the
project page, project talk page, and articles belonging to the project in computing activity).
Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 2, Article 117. Publication date: November 2017.
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As a reminder, for our analysis we used the ratio of this number to the number of project
members.
Unproductive leavers were those whose accumulated activity level in the project was below
the median activity level of remaining project members.
Short-term leavers were editors who stayed in a project for only one time period; in other
words, they joined the project in the previous time period and left (were not active) in the
current time period.
Long-term leavers were editors who left the project in the current time period and had
been active for more than one previous periods.
Leavers with additional commitments were leavers who were also members of at least
one other WikiProjects.
Leavers without additional commitments were leavers who were not members of any
other WikiProjects.

Variables for Newcomers
• Productive newcomers were those whose cumulative activity level in Wikipedia was above
the median activity level of remaining project members.
• Unproductive newcomers: were those whose cumulative activity level in Wikipedia was
below the median activity level of remaining project members.
• Experienced newcomers were newcomers who had been active in Wikipedia for more
than one time period before joining the project.
• Inexperienced newcomers were newcomers who were also new to Wikipedia; that is, they
joined Wikipedia and the project in the same time period.
• Newcomers with additional commitments were newcomers who were members of at
least one other WikiProject.
• Newcomers without additional commitments were newcomers who were not members
of any other WikiProjects.
4.3.4

Control Variables.

• Wikipedia time index: the number of quarters (3-month periods) between the creation of
Wikipedia and the current time period.
• Project size: the number of all active members (i.e., remaining members and newcomers) in
the project in the current time period.
• Project age: the number of quarters (3-month periods) between the creation of the project
and the current time period.
• Project prior productivity: the number of edits in the previous time period to the articles
within the project scope; this variable is used for models with project productivity as the
dependent variable.
• Project prior planning: the number of edits in the previous time period to the project
page and the project talk page; this variable is used for models with project planning as the
dependent variable.
4.3.5 Dependent Variables. We defined two measures of group performance: (1) project productivity, the number of edits project members made to articles within the project scope – these
represent the actual work of the project; and (2) project planning, the number of edits to the project
page and project talk page – these represent talking about the project work. We operationalized
as variables representing the percentage change from the previous period to the current period
to normalize for varying amounts of activity. Therefore, a positive effect refers to an increase
Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 2, Article 117. Publication date: November 2017.
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Variables (Member Proportion)

Median

Mean

Std. Dev.

Leavers
Productive Leavers
Unproductive Leavers
Short-Term Leavers
Long-Term Leavers
Leavers with Commitment
Leavers without Commitment

16.7%
4.0%
10.9%
2.8%
11.1%
14.3%
0.0%

17.7%
5.9%
11.8%
5.3%
12.4%
15.6%
2.1%

13.1%
7.5%
10.0%
7.8%
11.2%
12.3%
4.7%

117:9

Newcomers
18.2%
21.9%
14.6%
Productive Newcomers
5.9%
8.9%
10.8%
Unproductive Newcomers
10.2%
13.0%
12.0%
Experienced Newcomers
16.7%
19.6%
13.8%
Inexperienced Newcomers
0.0%
2.3%
5.2%
Newcomers with Commitment
11.1%
13.9%
11.8%
Newcomers without Commitment
4.8%
8.0%
10.4%
Table 1. The descriptive statistics show the median, mean, and standard deviation of the proportion of each
type of members for all the projects over all the time periods. For example, the median of the ratio of leavers
for a project in a time period was 16.7% and the mean was 17.7%. Note that the range of these median and
mean values is from 0.0% to 100.0%.

in productivity or planning in the current time period compared to the previous period, while a
negative effect refers to a decrease.
• Project productivity change. We counted the total number of edits made by project members to articles within the project scope in each time period. Thus, the project productivity
change for a time period T is the percentage change in number of article edits from period
T-1 to period T.
• Project planning change. Similarly, we calculated the total number of edits by project
members to the project page and project talk page in each time period. Thus, the project
planning change for a period T is the percentage change in the number of these edits from
period T-1 to period T.
4.3.6 Data Preprocessing. We identified outliers by examining the regression residuals. However,
whether or not we included outliers had no impact on our results – either statistical significance or
effect sizes – so we included all the data in our models. Because many of the data were skewed, we
performed base-2 logarithmic transformations on all the variables. Therefore, the coefficients in the
regression results are interpreted as the ratio of the change in the dependent variable in percentage
when an independent variable increases by one unit (in our case, one unit is one percent due to the
log-log transformation).
5
5.1

RESULTS
Descriptive Statistics

Our dataset contains 1,054 projects and 88,427 unique editors. Table 1 shows descriptive statistics for
all the independent variables before transformations, i.e., the proportion of each type of members
of a project in a time period.
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Statistical Analysis

The level of analysis is WikiProject-period with three months as one period. We ran linear regression
models on the panel data. Because the analysis also compared different member ratios of the same
project during different time periods, we added in random effects with each WikiProject as a group.
We used the package in Stata for our regression models5 .
We included within R-squared value (i.e., the variance within the panel units), between R-squared
value (i.e., the variance between separate panel units), and overall R-squared value (i.e., a weighted
average of these two) to estimate the explained variation of our models [43]. The R-squared values
indicated that our models had good coverage6 (Table 2, Table 3, and Table 4). In addition, we
accessed the significance of the incremental variance explained by each model compared to the
baseline by performing the likelihood-ratio test. The results suggest that the models that include
independent variables explained more variance and had much better fits than the baseline models
that only contain control variables.
From a methodological perspective, it is interesting to note that we used the “entire” population
for our study – that is, all WikiProjects – rather than a sample. Thus, one could ask: are p-values
meaningful, since they indicate uncertainty whether results for a sample apply to the entire
population? However, social scientists still commonly apply statistical methods (and report pvalues) even when analyzing a “full” sample, for example, when using the US tax return dataset to
study the effects of education on income [36]. The rationale for doing this builds on the notion of
a “super population” [15, 16, 20]. In our case, the super population would include all existing and
future online production groups (including WikiProjects, OpenStreetMap projects, open source
software development projects, etc), and p-values can be interpreted as the likelihood of seeing
the same results if we conducted the same analysis on an updated sample of WikiProjects (e.g.,
through 2017), or on a sample (or the full population) of other online production groups.
5.3

Baseline Models

We first present our baseline models which examine the effects of our control variables on project
productivity (Model 1) and project planning (Model 6)7 .
Model 1 shows that project age and project productivity in the previous time period are negatively
associated with change in project productivity. Older projects (Coef = -0.23, p <.001) and projects
that were more productive in the previous time period (Coef = -0.45, p <.001), tended to have
negative changes in productivity in the current time period. Wikipedia time index (i.e., the time
since the creation of Wikipedia) is negatively associated with project productivity and project size
is positively associated with project productivity, but both are not statistical significant. Model 6
shows that these predictors have similar effects on project planning with an additional significant
negative effect from Wikipedia time index (Coef = -0.30, p <.001) and an additional significant
positive effect from project size (Coef = 0.14, p <.001).
Next, we add the average leaver and newcomer ratios to examine the overall effects of member
turnover (Model 2 and Model 7). An important observation from Model 2 is that the positive
impact of newcomers outweighed the negative impact of leavers on project productivity. While
both variables had significant effects, the negative effect of leavers (Coef = -0.43, p <.001) was less
than the positive effect of newcomers (Coef = 1.92, p <.001). A one-percent increase in the ratio of
leavers decreased the change in project productivity by -0.43%, while a one-percent increase in
5 www.stata.com/manuals14/xtxtreg.pdf
6 In

Social Science studies, R-Squared values around 0.3-0.4 are acceptable.
that Model 1 and 6, and Model 2 and 7 in Table 2 are identical to Model 1 and 6, and Model 2 and 7 in Table 3. We
include the baseline models in both tables for the purpose of comparison.

7 Note
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Project Productivity Change
Project Planning Change
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Intercept
3.37*** .26 1.16*** .27 1.21*** .26 1.24*** .26 0.48 .30 3.12*** .25 0.00 .24 0.50* .27 0.55*** .26 -1.65*** .27
Wikipedia Time Index -0.21 .06 0.20*** .06 0.18** .06 0.17** .06 0.09** .06 -0.30*** .06 -0.05 .06 -0.05 .02 -0.06 .06 0.09 .06
Project Age
-0.23*** .03 -0.15*** .26 -0.13*** .02 -0.14*** .02 -0.12*** .03 -0.12*** .03 -0.07** .02 -0.02 .02 -0.02*** .02 -0.02 .02
Project Size
0.04 .02 0.18*** .02 0.15*** .02 0.15*** .02 0.26*** .02 0.14*** .02 0.38*** .02 0.29*** .02 0.287*** .02 0.58*** .02
Prior Prod./Planning -0.45*** .01 -0.48*** .01 -0.45*** .01 -0.45*** .01 -0.47*** .01 -0.49*** .01 -0.59*** .01 -0.52*** .01 -0.52*** .26 -0.61*** .01
Newcomers
1.92*** .10 1.95*** .10 1.96*** .10 2.65*** .13
2.22*** .08 2.08*** .11 2.11*** .11 3.80*** .11
Leavers
-0.43*** .11
-0.85*** .09
Productive Leavers
-0.69*** .17
-0.90*** .17
Unproductive Leavers
-0.21* .13
-0.69*** .13
Short-Term Leavers
-0.57*** .10
-1.28*** .19
Long-Term Leavers
-0.30** .12
-0.65*** .12
Leavers with Com.
-0.59*** .14
-1.00*** .11
Leavers without Com.
-0.86** .30
-2.03*** .29
Within R-Sq
0.29
0.32
0.32
0.32
0.31
0.19
0.27
0.29
0.30
0.30
Between R-Sq
0.59
0.61
0.61
0.61
0.61
0.35
0.41
0.38
0.38
0.38
Overall R-Sq
0.35
0.39
0.39
0.39
0.38
0.20
0.28
0.30
0.30
0.30
Likelihood-ratio Test
633.68 *** 634.80 *** 633.99 *** 635.40 ***
1659.26 *** 1658.76 *** 1666.41 *** 1664.80 ***

Table 2. Results of the Effects of Different Types of Leavers on Project Productivity and Project Planning
Changes. *p <.05, **p <.01, ***p <0.001

the ratio of newcomers increased the change in project productivity by 1.92%. To put it in context,
the results in Table 5 show that a 10% increase in leaver ratio reduces project productivity by 4.3%
(equivalent to 50.1 fewer edits on articles), and a 10% increase in newcomer ratio (e.g., from 10% to
20%) increases project productivity by 19.2% (equivalent to 223.7 more article edits). In other words
(if all other variables remain the same), when the number of leavers and newcomers are the same,
project productivity will increase. Model 7 shows similar effects for project planning (leavers Coef
= -0.85, p <.001; newcomers Coef = 2.22, p <.001). Therefore, turnover on average is beneficial to
WikiProjects.
5.4

Effects of Different Types of Leavers

The models in Table 2 explore the effects of leavers on project performance in more detail, and
let us test hypotheses 1a-1c. Models 3 and 8 evaluated the effect of leavers’ prior productivity (the
number of edits the user made in the project), Models 4 and 9 evaluated the effect of leavers’ tenure
(the length of the users’ membership in the project), and Models 5 and 10 evaluated the effect of
leavers’ additional commitments (simultaneous participation in other projects).
Model 3 shows that productive a member leaving is more detrimental to the project. More
specifically, while losing both productive (Coef = -0.69, p <.001) and unproductive members (Coef
= -0.21, p <.05) was associated with a negative change in project productivity, the effect of losing
productive members was more than twice that of losing unproductive members. Again, to put it in
context, a 10% increase in the ratio of productive leavers decreased project productivity by 80.4
edits compared to the previous time period, estimated by the mean of prior project productivity
(Table 5), and that number reduced to 24.5 in the case of unproductive members under the same
condition. Model 8 shows similar effects on project planning; both types of leavers have negative
affects on the change in project planning, with productive leavers (Coef = -0.90, p <.001) having a
larger affect than unproductive leavers (Coef = -0.69, p <.001). Thus, Hypothesis 1a is supported.
Models 4 and 9 show that short-term leavers hurt project performance more than long-term
leavers. Both affected project productivity negatively, but the effect size of short-term leavers was
twice that of long-term leavers for both project productivity (Coef = -0.57, p <.001 V.S. Coef = -0.30,
p <.01) and project planning (Coef = -1.28, p <.001 V.S. Coef = -0.65, p <.001). Thus, Hypothesis 1b is
not supported. We speculate about reasons for this unexpected result in the Discussion section.
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Project Productivity Change
Project Planning Change
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Intercept
3.37*** .26 1.16*** .27 1.37*** .26 1.80*** .44 1.31 .30 3.12*** .25 0.00 .24 0.33 .23 0.40 .40 0.35** .27
Wikipedia Time Index -0.21 .06 0.20*** .06 0.16*** .06 0.21** .10 0.25*** .06 -0.30*** .06 0.05 .06 -0.03 .05 0.08 .08 0.14* .06
Project Age
-0.23*** .03 -1.52*** .26 -0.10*** .02 -0.08* .04 -0.12*** .03 -0.12*** .03 -0.07** .02 0.03* .02 0.12** .04 -0.01 .02
Project Size
0.04 .02 0.18*** .02 0.13*** .02 0.25*** .04 0.25*** .02 0.14*** .02 0.38*** .02 0.28*** .02 0.52*** .04 0.56*** .02
Prior Prod./Planning -0.45*** .01 -0.48*** .01 -0.45*** .01 -0.55*** .02 -0.47*** .01 -0.49*** .01 -0.59*** .01 -0.52*** .01 -0.59*** .02 -0.61*** .11
Leavers
-0.43*** .11 -0.33*** .10 -1.00*** .23 -0.66*** .13
-0.85*** .09 -0.73*** .08 -1.30*** .21 -1.14*** .02
Newcomers
1.92*** .10
2.22*** .08
Prod. Newcomers
0.90*** .07
1.08*** .06
Unprod. Newcomers
1.23*** .08
1.39*** .07
Exp. Newcomers
3.24*** .21
4.74*** .20
Inexp. Newcomers
0.13*** .04
0.30*** .03
Newcomers w/ Com.
2.16*** .14
3.32*** .12
Newcomers w/o Com.
2.86*** .16
3.78*** .14
Within R-Sq
0.29
0.32
0.32
0.32
0.32
0.19
0.27
0.29
0.30
0.29
Between R-Sq
0.59
0.61
0.61
0.61
0.61
0.35
0.41
0.39
0.38
0.38
Overall R-Sq
0.35
0.39
0.39
0.39
0.39
0.20
0.28
0.30
0.30
0.30
Likelihood-ratio Test
633.38 *** 626.77 *** 638.59 *** 635.52 ***
1659.26 *** 1613.66 *** 1624.22 *** 1591.06 ***

Table 3. Results of the Effects of Different Types of Newcomers on Project Productivity and Project Planning
Changes. *p <.05, **p <.01, ***p <0.001

Models 5 and 10 show that losing members without additional commitments hurts project performance more than losing members with additional commitments. While losing either type of member
had significant negative effects on project productivity, the effect size of losing members without
additional commitments was much larger than losing members with additional commitments for
both project productivity (Coef = -0.86, p <.01 V.S. Coef = -0.59, p <.001) and project planning (Coef
= -2.03, p <.001 V.S. Coef = -1.00, p <.001). Thus, Hypothesis 1c is supported.
5.5

Effects of Different Types of Newcomers

The models in Table 3 explore the effects of newcomers on project performance in more detail, and
let us test hypotheses 2a-2c. Models 3 and 8 evaluated the effect of newcomers’ prior productivity
(the number of edits the user made in the community, i.e., Wikipedia), Models 4 and 9 evaluated the
effect of newcomers’ tenure (the length of the user’s participation in the community), and Models 5
and 10 evaluated the effect of leavers’ additional commitments (simultaneous participation in other
projects).
Models 3 and 8 show that adding newcomers who were previously less productive (in the broader
community, i.e., Wikipedia) is more beneficial to a project. Specifically, while both productive (Coef
= 0.90, p <.001) and less productive (Coef = 1.23, p <.001) newcomers were associated with a positive
change in project productivity, the effect size of less productive newcomers was larger. Similarly,
less productive newcomers (Coef = 1.39, p <.001) were associated with a larger increase in project
planning than more (externally) productive newcomers (Coef = 1.08, p <.001). Thus, Hypothesis 2a
is not supported. We again will suggest reasons for this in the Discussion section.
Models 4 and 9 show that adding newcomers with previous experience in the broader community
(Wikipedia) benefits a project more than adding newcomers who were also new to the community.
Table 3 shows that both experienced and inexperienced newcomers were associated with positive
changes in project productivity, but the effect size of experienced newcomers (Coef = 3.24, p <.001)
was much larger than inexperienced newcomers (Coef = 0.13, p <.001). Similar results can be
observed in the effects on project planning (experienced Coef = 4.74, p <.001 V.S. inexperienced
Coef = 0.30, p <.001). Thus, Hypothesis 2b is supported.
Models 5 and 10 show that newcomers without additional commitments are more valuable
for a project. While both types of newcomers were associated with a positive change in project
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Productivity
Planning
Change
Change
Coef.
S.E.
Coef.
S.E.
Intercept
-1.23*** .26
-1.100
***
Wikipeida Time Index
0.25**
.01
0.08*
.05
Project Age
-0.13*** .03
0.01
.02
Project Size
0.14*** .01 0.29*** .02
Prior Productivity/Planning -0.46*** .01 -0.54*** .01
Leavers
-0.63*** .17 -1.49*** .10
Newcomers
2.14*** .13 2.85*** .08
Group Size X Leavers
-0.32** .11 -0.63*** .07
Group Size X Newcomers
0.63*** .08 1.12*** .05
Within R-Sq
0.31
0.28
Between R-Sq
0.61
0.41
Overall R-Sq
0.38
0.28
Likelihood-ratio Test
637.46 ***
1740.23 ***
Table 4. Results of Moderating Effects of Group Size on Ratios of Leavers and Newcomers on Project
Productivity and Project Activity Changes. *p <.05, **p <.01, ***p <0.001

productivity, the effect of newcomers without additional commitments (Coef = 2.86, p <.001)
was larger than newcomers with additional commitments (Coef = 2.16, p <.001). Further, adding
newcomers without additional commitments (Coef = 3.78, p <.001) also increased project planning
more than adding newcomers with additional commitments (Coef = 3.32, p <.001). Therefore,
Hypothesis 2c is supported.
5.6

Moderating Effects of Group Size

The models in Table 4 explore the moderating effect of project size – how it affects the relationship
between leavers/newcomers and project performance – and it lets us test hypotheses 3a and 3c. To
compute the interaction effects, we centered independent variables by mean to reduce collinearity
among independent variables and interaction terms.
Table 4 shows that larger projects suffered more from losing members and benefited more from
adding newcomers. First, project productivity was negatively associated with leaver ratio (Coef =
-0.63, p <.001) and with the interaction term between project size and leaver ratio (Coef = -0.32,
p <.01). In other words, if leaver ratio stays constant, increasing project size by 1% increased the
negative effect of the leavers on project productivity by -0.321%. Second, project productivity was
positively associated with newcomer ratio (Coef = 2.14, p <.001) and with the interaction term
between project size and newcomer ratio (Coef = 0.63, p <.001). Project planning was affected in
a similar direction and comparable magnitude (interaction with leavers Coef = -0.63, p <.001 V.S.
interaction with newcomers Coef = 1.12, p <.001). Therefore, Hypothesis 3a is not supported, but
Hypothesis 3b is supported. We reflect on possible reasons for the unexpected result in the Discussion
section.
6

SUMMARY AND DISCUSSION OF RESULTS

Table 5 summarizes our main results, i.e., the effects of different types of leavers and newcomers
on project performance. We indicate whether there is a statistically significant difference between
each pair of coefficients, and further interpret the percentage changes in project productivity and
project planning with the numbers of edits increased or decreased on the project.
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Increasing Certain Type
Productivity Productivity Coef. Diff.
Planning
Planning Coef. Diff.
Change in % Change in #
Change in % Change in #
χ2
χ2
of Members by 10% Points8
Leavers
-4.3%
-50.1
-6.9%
-5.2
Productive Leavers
-6.9%
-80.4
-9.0%
-6.8
1a (Supported)
4.73 ***
1.52
Unproductive Leavers
-2.1%
-24.5
-6.9%
-5.2
Short-Term Leavers
-5.7%
-66.4
-12.8%
-9.6
1b (Not Supported)
1.86
13.27 ***
Long-Term Leavers
-3.0%
-35.0
-6.5%
-4.9
Leavers with Commitment
-5.9%
-68.7
-10.0%
-7.5
1c (Supported)
0.67
11.15 ***
Leavers without Commitment
-8.6%
-100.2
-20.3%
-15.3
Newcomers
19.2%
223.7
22.2%
16.7
Productive Newcomers
9.0%
104.9
10.8%
8.1
2a (Not Supported)
9.82 ***
7.14 ***
Unproductive Newcomers
12.3%
143.3
13.9%
10.5
Experienced Newcomers
32.4%
377.5
14.7%
11.1
2b (Supported)
203.14 ***
493.22 ***
Inexperienced Newcomers
13.2%
153.8
15.9%
12.0
Newcomers with Commitment
21.6%
251.7
33.2%
25.0
2c (Supported)
14.11 ***
9.74 **
Newcomers without Commitment
28.6%
333.2
37.8%
28.5
Hypothesis

Table 5. Summary of the main effects of different types of leavers and newcomers on project productivity and
project planning changes. We computed the statistical significance of each pair of coefficients, and further
showed the impacts of changes in percentage with the numbers of edits increased or decreased on the project.
*p <.05, **p <.01, ***p <0.001

Fig. 1. Trend of editors’ productivity in the project after joining for all the editors in all the projects. Time
Period 0 is the time point they joined the project. Clearly, editors contributed less over time after joining the
project.

Regarding the effects of different characteristics of leavers, the results show support for Hypothesis 1a and 1c, but not 1b. The departure of productive members without additional commitments
8 Increasing

10% points means increasing by addition, e.g., increasing the newcomer ratio from 10% to 20%.
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indeed is more harmful to a group than the departure of unproductive members with additional
commitments (Hypothesis 1a and 1c). However, in contrast to our hypothesis 1b, the departure of
members who stayed in the group for a short period of time hurts group performance more than the
departure of those who had been in the group for a long time. One possible reason why short-term
members are important to the group is that their lack of experience is outweighed by greater
motivation and effort. Short-term members may be more energetic and willing to take on more
tasks. In contrast, longtime members might gradually reduce their interest in and commitment to
the group, contribute less, and slowly “retire” [49]. The trend in Figure 1 shows clearly that member
productivity within a project decreases over time. Therefore, if a project loses a short-term member,
that member will in general be in a more productive era of his or her life cycle than a long-term
member. Observe that the results are consistent with the overall trend seen in the baseline models:
the positive impact of newcomers outweighs the negative impact of leavers.
Regarding the effects of newcomers, Hypotheses 2b and 2c are supported, but Hypothesis 2a
is not. Newcomers with more experience in Wikipedia and without additional commitments are
more beneficial to a group than newcomers with less experience and with additional commitments
(Hypotheses 2b and 2c). Interestingly, newcomers who had been less productive (in Wikipedia)
increased group performance more than more productive newcomers. A possible explanation is
that project newcomers who had been productive in the large community were at greater risk
of “burnout” [10]. Indeed, prior research found that burnout is quite common among the most
productive members in Wikipedia [49] and other voluntary activities [52]. Therefore, a takeaway
is that projects may benefit most from experienced but not exploited newcomers.

Fig. 2. Scatter plot of the relationship between group size and leaver ratio over all the time periods. Apparently,
large groups have a steady rate of leavers, while small groups face a various range of leaver ratios.
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Further, we found that the effects of leavers and newcomers were both amplified for larger
groups, which is consistent with Hypothesis 3b but not with Hypothesis 3a. It is interesting to
see that larger groups were harmed more than smaller groups by the same proportion of member
leaving. A closer look at the data revealed that larger groups generally have lower leaver rates than
smaller groups. Figure 2 clearly shows that leaver ratios of larger groups are scattered across a
relatively low and stable range, while smaller groups are more likely to suffer higher proportions
of member leaving as indicated by a higher mean and larger variance. In other words, it is more
common for a project of 10 members to lose 5 than a project of 1000 members to lose 500. Because
smaller groups experience large member departures more frequently, it is possible that they might
develop protection mechanisms against member departures. The results suggest directions for
future research to investigate why and how small online groups can operate productively in the
face of frequent member departures.
In summary, our findings advance knowledge of the effects of membership turnover in online
production communities by investigating exactly how the properties of turnover affect group
performance. We bridge the gap between turnover theories in organizational science literature
and user behavior studies in online production communities. Our results clearly demonstrate the
significant effects of membership turnover in online production communities.
6.1

Design Implications

Our findings suggest practical design implications for community organizers and designers. First,
our work can inform the design of visualization and analytic tools to help predict the effects of
membership turnover on project performance. These tools can automatically calculate the numbers
and types of leavers and newcomers for a given project and estimate their effects on project
performance. Project leaders can use the data to better manage and organize project activities
accordingly.
Our findings also can inform the design of more effective and targeted retention and recruitment
strategies in online production groups. For example, to minimize the costs of member leaving
and maximize the benefits of member joining, online groups should focus on retaining relatively
new and productive existing members who do not have additional commitments, and recruiting
experienced but not exploited new members who do not have additional commitments. Project
leaders also could “look ahead” to mitigate harmful effects of member departures: if some current
members appear to be reaching the end of their participation, the project could begin recruiting an
appropriate number of new members to make up for their departures.
6.2

Limitations and Future Work

We also note several limitations of our study. First, we used the quantity of contributions not their
quality to measure the performance of WikiProjects. However, contribution quality is also a key
metric for online production groups, and previous research on Wikipedia has offered metrics for
computing contribution quality [51]. Future research could extend our study by using these metrics
to compute changes in project quality outcomes in relation to the turnover factors we defined.
Second, our study is correlational, and thus does not support causal inferences. Further, as a
quantitative study of behavioral data, it does not explain why certain types of leavers and newcomers
have (unpredicted) influence on group performance. In future research, we plan to conduct natural
experiments (i.e., examining the effects of external events that cause members to leave and join
projects) and qualitative analysis such as interviews to complement the current findings and
investigate causality. Social computing research topics are best studied through multiple studies
that employ different methods. A good example is the line of work on the lifecycles of participants
in peer production communities that began with an interview study of Wikipedia editors [5],
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continued with a quantitative data analysis of Wikipedia editors [40], and eventually led to multiple
studies in additional peer production systems using a variety of methods [2, 24].
Third, we followed prior work in defining an editor joining a project as the editor making their
first edit to the project page or project talk page (i.e., participatory membership) [47, 54]. However,
other operationalizations of project membership are reasonable, e.g., only counting as project
“members” those editors whose names appear on explicit lists of project members [49]. We do note
that Morgan and colleague compared these two membership identification approaches and found
no significant differences in members’ content production and planning activities [35]; despite this,
we think it reasonable future work to experiment with different operationalizations of membership
and see whether they affect our results.
7

CONCLUSION

To summarize, we investigated the effects of turnover on subgroups in peer production communities. In contrast to prior research that focused on the amount of turnover, we studied how the
characteristics of leavers and newcomers (their productivity, tenure, and additional commitments)
impacted group performance – both actual work and work planning – and the moderating effect of
group size. We found that these characteristics had significant predictive powers. In general, the
positive effects of newcomers outweighed the negative effects of leavers. Specifically, the departure
of members who were productive, who were in the group for a short time, and who did not have
additional commitments hurt a project more, and the joining of newcomers who previously had not
been productive in the broader community, but who had some prior experience in the community
and did not have other specific additional commitments helped a project more. Further, group
size amplified the effects: larger groups were hurt more by departures and benefited more from
newcomers. Our work extends the organizational science literature by carefully exploring the effects
of membership turnover in an online community. Our findings suggest design implications for
online community analytics and recruitment strategies which can contribute to building effective
online production communities.
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