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Each year, billions of people volunteer unpaid time and labor to public goods that anyone
online or in their communities can benefit from. When people contribute to a common-
pool resource such as the global encyclopedia Wikipedia, it is sometimes through upstream
reciprocity, where people give without expecting something in return. Social scientists have
hypothesized that gratitude behaviors, such as thanking others, play a role in sustaining and
extending this cooperation, independently of reputation. We tested this hypothesis in a field
experiment with Wikipedia communities in the Arabic, German, Polish, and Persian language
editions. We randomly assigned 15,558 vetted Wikipedia contributors to receive private
messages of thanks from other contributors. We then observed their continued contributions
and the thanks they sent to others. Assignment to receive thanks increased the time
participants contributed to Wikipedia by 11% and increased two-week contributor retention
by 2.2 percentage point on average. Receiving thanks also changed how participants
expressed appreciation to others. Being assigned to receive thanks also caused participants
to thank others 61% more, with 99.8% of thanks sent upstream to a third party who had not
previously exchanged thanks with them. Overall, this study provides experimental evidence
in the field that private expressions of gratitude maintain participation in voluntary endeavors
and cause recipients of gratitude to thank others upstream.

Gratitude | Public Goods | Upstream Reciprocity | Volunteering | Wikipedia | Field Experiment

How do private expressions of thanks spread through social groups that produce
public goods, and what role does that appreciation play in the formation

and maintenance of those goods? Questions about the function and structure
of gratitude are part of an enduring scientific discussion about the origin and
maintenance of human cooperation (1–4). Pragmatically, this science seeks to
understand the emergence of large-scale public goods, which are often sustained by
volunteers, who contribute the equivalent of 61 million full-time workers globally
each year (5). For example, tens of millions of volunteers ∗ have created and
sustained Wikipedia, a free resource of global knowledge (6–8) that has become a
basic building block for education (9), elections (10), financial markets (11), and
artificial intelligence (12). By investigating the role of gratitude expressions in
large-scale cooperation, scientists can explain how volunteer-supported public goods
come into being and also inform their effective creation and maintenance.

Social scientists describe gratitude as an emotion linked with interpersonal
behaviors that form a wider structure of exchange. In this model, people receive a
benefit, feel the positive affect of gratitude, and respond to that affect by expressing
thanks and offering benefits themselves (3, 4, 13–15). This exchange of goods and
gratitude forms the larger structures of reciprocity that constitute cooperation.
In direct reciprocity (Fig 1.A), receivers express thanks to acknowledge their
indebtedness to the giver and signal their willingness to return the favor in the
future (3, 16). In generalized exchange (Fig 1.B, 1.C), people contribute to others
who have never helped them and may never directly return the favor (4). Volunteer-
produced public goods like Wikipedia are form of generalized exchange where people
contribute to a common resource that others may draw from without being required
to contribute (6, 17).

Social scientists have imagined different roles for gratitude
in generalized exchange depending on the structure of

∗https://en.wikipedia.org/wiki/Wikipedia:Wikipedians
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exchange and whether appreciation is public or private. Lab
and field experiments have shown that people contribute
to public goods in structures of indirect reciprocity when
public appreciation grows a person’s reputation, increasing
the chance that others will help them (Fig 1.B) (4, 18).
Scholars have also studied upstream reciprocity (Fig 1.C),
where people “pay it forward” to others in structures that
do not loop back to benefit them, beyond the resources of
the public good (15). Observational studies have found that
private, upstream appreciation occurs in large-scale computer-
mediated cooperation networks, and that some people will
even resist the introduction of reputation mechanisms in those
settings (19). Lab experiments have shown that feelings of
gratitude can initiate and help maintain this private upstream
reciprocity even with the reduced personal gain it entails
(4, 20, 21). Yet despite evidence from simulations, surveys,
and lab experiments, the causal role of gratitude and thanking
behaviors in upstream reciprocity has not been validated in
the field (22).

Fig. 1. Social scientists have studied the role of gratitude and thanks behaviors in
(A) pairs of direct reciprocity, (B) networks of downstream (or indirect) reciprocity
that come back to benefit contributors through the reputation mechanisms, and (C)
networks of upstream (or general) reciprocity where benefits may not return to the
giver aside from the general benefits of drawing from a public good.

How might these exchanges of private, upstream apprecia-
tion (Fig 1.C) contribute to the development and maintenance
of public goods and how are they sustained? For someone
to sustain repeated contributions, they need self efficacy and
a belief in the utility of those contributions (4). Receiving
thank-you messages can increase self-efficacy, a person’s belief
in their ability to accomplish a goal, by providing independent
information on the quality and utility of their contributions
(24, 25). This information matters in computer-mediated
cooperation, where exchanges sometimes lack the social cues
that otherwise provide such information (26). Expressions of
gratitude may also introduce positive affects that encourage
generosity (15, 27, 28). When someone feels this positive
affect and receives positive feedback on the quality and utility
of their contributions, they might increase the effort they
contribute to cooperation and how long they continue to do
so.

A full explanation of gratitude in upstream reciprocity
also needs to account for structures where people thank
others upstream upon receiving thanks (19). Self-efficacy
about one’s own contributions does not obviously explain why
someone would be more motivated to evaluate and appreciate
others’ contributions. Instead, receiving thanks may shift how
people orient to the community by elevating positive affect
(emotion contagion) (29), making norms of appreciation more
salient (30), changing how people see others’ contributions

(social appraisal) (31), or increasing attention to others’
valuable work. If receiving thanks does cause people to thank
others, whatever the mechanism, such an effect could further
explain how gratitude behaviors both sustain contributions
and extend to others in upstream reciprocity.

These questions about the effects of private gratitude ex-
pressions in upstream reciprocity have pragmatic implications
for volunteer-supported public goods such as Wikipedia, a
multilingual encyclopedia available in over three hundred
languages.† Millions of Wikipedia contributors have coordi-
nated to create one of the world’s most consulted information
sources,‡ producing an estimated billions of dollars to the U.S.
economy per year according to economists (32). Maintaining
this free, common resource requires generalized exchange from
volunteers who pay forward the knowledge they have received
in the hope that others’ knowledge will provide them with
value in turn (6). While Wikipedia is partially maintained
through the reputational benefits of downstream reciprocity
(18, 33, 34), website logs also show that private thank-you
messages are commonly exchanged in structures of upstream
reciprocity. By mid-2018, Wikipedia contributors were
sending nearly seventy thousand of these private messages per
month. Consequently, Wikipedians have been as interested
as social scientists to understand effects of private thank-you
messages on people’s upstream contributions as well as the
forces that sustain a culture of appreciation.

Wikipedia is a fruitful context for field experiments on
gratitude behaviors in upstream reciprocity. In the social
and behavior sciences, field experiments are used to validate
theories in naturalistic settings and observe unexplained
causal phenomena for further theory-building (35, 36). As a
cooperative endeavor sustained through generalized exchange,
Wikipedia provides a naturalistic setting in which upstream,
private appreciation occurs. Since the Wikipedia software
hosts hundreds of distinct language encyclopedias, scientists
can conduct parallel replications of a research question across
multiple cultures and languages (37).

Wikipedia also includes features for sending and receiving
private appreciation. When someone receives a “Thanks” on
Wikipedia, they receive a private alert on the Wikipedia
website (Figure 2), and an email (by default) from the
sender. The message names the account that expressed thanks
and identifies the specific contribution that merited thanks.
Compared to public recognition on Wikipedia (18), these
interpersonal messages of appreciation are private and are
only easily visible by the recipient (38), limiting the role of
reputation as a mechanism for their effects. The software
behind Wikipedia also records the sender, receiver, time, and
object of every expression of thanks sent between contributors
(39).

Fig. 2. Notification received by participants who received thanks

In a large-scale field experiment on Wikipedia, we tested
the hypotheses that receiving thanks increases people’s con-
tributions to public goods and also causes recipients to thank

†https://meta.wikimedia.org/wiki/List_of_Wikipedias, accessed July 1, 2020
‡https://www.alexa.com/siteinfo/wikipedia.org, accessed July 1, 2020
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others upstream. We designed this study in collaboration
with liaisons from the Arabic, German, Persian, and Polish
language communities, which collectively have over 27,000
monthly active contributors (Table 1). Working with humans
and machine learning models to identify newcomers and
experienced editors whose contributions merited appreciation,
we randomly assigned over fifteen thousand participants to be
thanked by one of 313 volunteers or to be omitted from the
thanking campaign. Over the next six weeks, we studied the
effect on contributions to public goods by observing how many
weeks they continued to contribute to Wikipedia and how
much time they spent making contributions. We also studied
upstream thanks by observing the rate at which participants
went on to send expressions of gratitude to others and whether
those thanks were sent upstream.

Results

We evaluated the intent-to-treat (ITT) effect of receiving
thanks among 15, 274 participants from August 2, 2019,
through March 24, 2020. We pre-registered our analysis plan
before data collection, including plans for multiple comparison
adjustments (40), on the Open Science Framework (OSF).§
Among active accounts, 55% of newcomers and 46% of
experienced accounts met our criteria for inclusion based
on the quality of their contributions to Wikipedia (Table 1).
This analysis includes all individuals randomly assigned to the
treatment condition, regardless of whether they ultimately
received a thank-you message from a volunteer. Among the
7, 637 participants in the treatment group, volunteers chose
to thank 32% of newcomers and 43% of experienced accounts
(Table 1). Our manipulation check found that among 767
survey-takers, being assigned to receive thanks increased the
chance of someone remembering seven weeks later that they
had received thanks (p<0.0001).

Assignment to receive thanks increased the two-week
retention of participants by 2.2 percentage point on average
(p= 0.00093, Figure 3A, Table 2). This effect was positive
in direction across all four language communities and both
experience subgroups, though statistically significant only for
newcomers (Tables S6, S7).

We also examined treatment effects on contributors’
average daily labor hours over the next six weeks (Table
2). Being assigned to receive thanks caused participants to
contribute 11% more time than the control group (p=0.014)
(Table 2).

Receiving thanks also caused the recipients to thank
others upstream. Across all four Wikipedia communities,
being assigned to receive thanks caused participants to
thank others 61% more than those in the control group
(p= 0.0021, Figure 3B, Table 2). The effect was positive in
direction across languages and experience subgroups, though
statistically significant primarily among newcomers (Tables
S6, S7). Crucially, this increase was not driven by direct
reciprocity: of the 2, 552 thanks sent by participants in the
treatment group, 99.8% were sent to someone other than the
volunteer who thanked them. Only 0.2% of thanks followed
a pattern of direct reciprocity.

§https://osf.io/c67rg/

Fig. 3. ITT effects for (A) two-week retention of Wikipedia contributors, (B) thanks
sent to others (incidence rate ratio, IRR), and (C) labor hours per day after treatment,
in subgroups of newcomers and experienced contributors from different communities:
Arabic (ar), German (de), Polish (pl), and Persian (fa) marked by ISO 639-1 language
codes. Error bars represent 95% confidence intervals. Dashed lines indicate null
effect (0 for percentage points, 1 for rate ratios).

Discussion

In this study, we found experimental evidence across multiple
language Wikipedias for the effect of gratitude expressions
to sustain, increase, and extend contributions to upstream
reciprocity. In line with expectations from simulations, sur-
veys, and lab experiments, receiving appreciation from others
does cause people to “pay forward” further contributions
over a longer period of time. Furthermore, this study offers
novel experimental evidence that receiving private thanks
causes people to express private appreciation to others in an
upstream direction, largely to people who had not thanked
them previously. Taken together, these findings show how
private expressions of appreciation function to grow and
maintain upstream reciprocity in public goods across multiple
languages and cultures.

Pragmatically, this study explains one reason why
Wikipedia’s system for private appreciation is so widely used
and what function it plays in the maintenance of this public
good. Wikipedia and other largely voluntary public goods
depend on many interdependent motivations to contribute.
A Wikipedia article describing a work of children’s fiction,
for example, could receive edits from a librarian, a parent, a

Matias et al. PNAS | May 1, 2026 | vol. XXX | no. XX | 3
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Table 1. Participation rates and control group outcomes from Arabic, German, Polish and Persian Wikipedias from 2019-08-02 to 2020-02-11.
“Available during the study” were accounts that were active during at least one of the waves of the study. “Included in the study” are accounts
that met the quality requirements and were included in the study.

eligible participants average outcome values for control group

monthly
active

available
for study

included
in study

% treatment
thanked

two week
retention rate

pre-study
labor hours daily labor hours thanks

sent

Newcomer

Polish 2414 2756 1640 14% 19% 0.027 0.012 0.038
German 8555 10476 5434 49% 18% 0.024 0.012 0.052
Arabic 12281 5936 3072 13% 11% 0.020 0.010 0.032
Total 23250 19168 10146 32% 16% 0.023 0.012 0.044

Experienced
Polish 1985 8189 2996 72% 44% 0.061 0.056 0.349
Persian 1899 4648 2416 7.3% 31% 0.028 0.035 0.264
Total 3884 12837 5412 43% 38% 0.046 0.047 0.311

Table 2. Estimates of ITT effects among Wikipedia participants of all groups. ITT estimates were conducted with the Negative Binomial model
(NegBin), the Difference in Means model (DiM), and the Tweedie model, with p-values were adjusted for multiple comparisons. For NegBin
and Tweedie models, the estimate is the log-scale coefficient. The % change represents the incidence rate ratio (IRR) for NegBin and the
proportional change for Tweedie. For DiM, the estimate is the difference in means.

Outcome Estimator N Estimate (% change) Std. Error P value

thanks sent NegBin 15,274 0.47 (+61%) 0.14 0.0021
retention DiM 15,274 0.022 (+2.2%) 0.0061 0.00093
labor hours per day Tweedie 15,274 0.10 (+11%) 0.043 0.014
manipulation DiM 767 0.29 (+29%) 0.035 <0.0001

publisher, a competing author, a young reader, or an adminis-
trator of that language edition. Prior field experiments have
shown the importance of reputation and indirect reciprocity
to some Wikipedia contributors, finding that public rewards
can increase participation (18, 33). This study shows that
upstream reciprocity plays a complementary role in growing
and sustaining participation for the tens of thousands of
people who send and receive private thanks each month.
This finding could help Wikipedia language communities
retain thousands of contributors a year, elicit many more
hours of contributions from each other, and further extend
the practice of appreciation across the movement.

This study also experimentally confirms what scientists
have observed elsewhere, that private messages of thanks
to third parties upstream are more common than reciprocal
thanks (19). Prior research has described gratitude as a
“moral barometer” that follows receipt of benefits, signaling a
sense of obligation to the giver (3). This could still be true for
public goods and systems of indirect reciprocity, where people
routinely receive benefits from people with whom they have
not previously helped directly. Under such circumstances,
appreciation would follow the indirect or upstream structure
of exchange.

As an experiment that does not study multiple rounds
of thanks-sending, this study cannot support claims about
contagion or cascades, nor can it document how common the
practice currently is. Yet we show that receiving thanks can
itself cause people to extend thanks to third parties for the
benefits of upstream reciprocity they receive.

Since only 32% of newcomers and 43% of experienced
accounts assigned to the treatment group received a thanks
message from a volunteer, our ITT estimates constitute a
lower bound on average treatment effects that are likely

larger. By giving volunteers a choice, we traded precision
in estimating the effect of a single thanks message for the
external validity of studying contributions that volunteers
considered worth thanking. Since our labor hours measure
focused on contributions to pages and excluded time spent
thanking others, we may have observed a larger effect on
labor hours with a more inclusive measure. The study
could not prevent participants in the treatment group from
subsequently thanking other participants in the treatment
or control groups, something we observed in some cases (see
Supporting Information, Spillover Sensitivity Analysis). As is
common in multi-site field experiments, we observed variation
in coefficients and confidence intervals both between and
within languages. While the number of groups is not large
enough to systematically study that variation, possible causes
of variation could include differences in inclusion criteria,
community size, measurement, and spillover.

This experiment is not designed to distinguish between
possible psychological mechanisms for the effects we observe.
It is possible that receiving thanks grew contributions through
an increase in self-efficacy (24) or a positive affect (15, 27, 28).
Upstream thanking may have been influenced by such affects.
By generating a message to the thanks recipients, the
intervention may also have communicated a community
norm of thanking that participants, especially newcomers,
may not have known about previously (30). In a follow-
up, exploratory analysis of labor hours, we did observe
interaction effects for newcomer accounts compared to more
experienced contributors, effects that are consistent with
theories of self-efficacy and social norms (see Supporting
Information, Exploratory Subgroup Analysis). Further field
and lab research could explore those mechanisms with greater
fidelity (35).

4 | www.pnas.org/cgi/doi/10.1073/pnas.XXXXXXXXXX Matias et al.
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Materials and Methods

We designed a field experiment to test the influence of
receiving private expressions of gratitude on pro-social
behavior among contributors in Arabic, German, Persian, and
Polish Wikipedias. We tested whether receiving thanks could
cause volunteer contributors of different experience levels
to increase participation and send appreciation to others in
turn. The relevant governance entities for each language
Wikipedia consented to participate (see Supporting Informa-
tion, Community Consent and Governance). Participants
were debriefed after the study, in a protocol approved by
Princeton University (11587) and considered exempt by the
Cornell University Institutional Review Board (1912009282).
Full study materials are available in the Supplementary
Materials and OSF.¶

Within language Wikipedia groups, we used machine
learning and human-coded criteria to identify Wikipedia
editors whose contributions were eligible for appreciation.
Communities considered participants eligible for the study
if they made at least four eligible contributions to Arabic,
German, or Polish Wikipedia in the previous 90 days. Persian
Wikipedians selected a window of eligibility of 540 days.
Edits were eligible if they were made to pages other than the
account’s personal profile, were not discussion comments, and
met language-specific criteria. In German, edits were eligible
if they were a “flagged revision”, an edit that has been marked
useful by a separate expert Wikipedian. In Arabic, Persian,
and Polish Wikipedias, we used the ORES machine learning
system, which had been trained by community members
to identify good-faith and non-damaging edits (Table S3)
(41). Some communities limited their efforts to newcomers or
experienced accounts only, to ensure their volunteers could
thank a sufficient number of participants. Among active
accounts, 55% of newcomers and 46% of experienced accounts
met the criteria and were included (Table 1; see Sampling
Criteria for full details).

Participants were stratified by experience level (newcomers
who had joined in the previous 90 days versus experienced
editors with more experience) and by language (Arabic, Ger-
man, Persian, and Polish). Within each experience–language
stratum, we randomly assigned participants to receive a
thanks message or serve as a control using a matched-pairs
design. Pairs were formed by matching participants on the
number of thanks messages they had sent previously and their
labor hours contributed over the previous 84 days. Within
each matched pair, one unit was randomly selected to receive
treatment and the other to serve as the control. This design
minimizes the variance of the difference-in-means estimator
of the average treatment effect (42). Before analysis, we
excluded matched pairs in which the treated member did not
receive exactly one thanks message due to software errors,
account deletion, or volunteer decisions to skip a participant.
These are protocol-level exclusions of matched pairs, not
post-hoc removal of individual outcomes. Table S5 reports
pre-dropped results with these pairs.

We created a software application to encourage expe-
rienced Wikipedia volunteers to send a single message of
appreciation to participants in the treatment group, thanking
them for a specific contribution (Figure S2). When an
experienced Wikipedian using the software chose to send

¶https://osf.io/j64vs/

thanks, a message would be sent immediately to the recipient
on behalf of the sender through the Wikipedia interface
(Figure 2). The message would also arrive via email if
the recipient allowed email notifications (the default on
Wikipedia).

From August 2, 2019, through February 11, 2020, a
total of 313 volunteers reviewed a queue of eligible edits
by participants in the treatment group. To meet our sample
size goals for newcomers, we conducted the study in a series
of 84-day waves, including in each wave accounts created
in the period since the previous wave. After removing 142
matched pairs associated with software errors and opt-out
requests as described above, the study included a total of
15, 274 participants.

We then observed participant behavior on Wikipedia
over the next six weeks after they (or their matched pair)
received thanks, up through March 24, 2020. In the case
of pairs that did not receive thanks, we observed the six
weeks after random assignment. Using public data from the
Wikipedia software system, we created measures of two-week
retention, the difference in labor hours they contributed,
and the number of thanks they sent to others during the
observation period. After data collection was complete, we
debriefed all participants in the study and granted them the
opportunity to opt out of inclusion in the data analysis if
they wished.

The number of thanks sent over six weeks is a count
variable drawn from Wikipedia’s public records for a given
participant. We estimate the average treatment effect on
the incidence rate of thanks sent using a negative binomial
regression model. We report the exponentiated coefficient
as an incidence rate ratio (IRR) (43), and express it as a
percentage change, (IRR − 1) × 100.

Two-week retention is a binary variable that records
whether a participant made at least one edit during the
post-treatment observation period, measured from the second
week onwards. This measure is designed to infer whether
someone is still actively contributing to Wikipedia at that
time or is no longer active. The measure omits observations in
the period before the second week started because we wish to
know if the contributor was still active in the period after the
first week of observation concluded. The measure includes a
window of observation beyond the end of the week - if someone
comes back to edit later, we consider them still active in their
second week. In this case, the measurement period starts at
the beginning of the second week after random assignment
and extends five more weeks to identify contributors who
have discontinued editing, for a total observation period of 42
days. If a participant makes no contributions in the five-week
period, they are classified as having stopped contributing.
We record two-week retention using this five-week window
because some contributors to Wikipedia only make edits every
few weeks. Without such a window, the outcome variable
would undercount contributors who make edits less frequently
than every week.

We measure the duration of contributions to Wikipedia by
inferring labor hours, an aggregate estimate of the time spent
contributing to Wikipedia across edit sessions. These sessions
are inferred from contiguous sequences of contributions near
to each other in time, with a minimum of 430 seconds for a
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single-edit session (44). This measure does not include time
spent thanking others.

As a manipulation check, we also surveyed participants
after six weeks to ask if they remembered receiving thanks.
Among participants, 5% completed the survey, which was
balanced between treatment and control. We pre-registered
hypotheses based on other survey responses, but withdrew
those questions upon observing the low response rate.

This study pre-registered an ITT estimate using a
difference-in-means estimator for two-week retention and
the manipulation check that accounted for randomization
blocks (45). These ITT estimates permit organizations to
evaluate the pragmatic outcome of organizing a Wikipedia-
wide intervention, accounting for selection by thankers. To
estimate the effect on the number of thanks sent, we pre-
registered an ITT negative binomial estimator that adjusted
for language and newcomer status. This model includes
random intercepts for the matched pair design (Table S1). ‖

The pre-registered analysis for the labor hours outcome
estimated the average treatment effect on the difference in
labor hours before and after treatment. We later identified
two issues with this specification. First, this difference-in-
difference analysis obscured the distinction between high-
duration contributors and those who participate at levels
close to the minimum observable time. Second, an analysis of
residuals in this difference-in-means model revealed that the
specification did not fit the zero-inflated and highly skewed
data well (Figure S5). To address this issue, we adjusted the
outcome variable and the model. First, we used a measure of
post-treatment labor hours per day as the outcome variable.
Second, to address the skewed nature of labor hours per
day, we fit generalized linear mixed models (GLMM) with
the Tweedie distribution (46) (Figure S6). Full subgroup-
specific interpretations of these effects are provided in the
Supporting Information (Exploratory Subgroup Analysis;
Table S8, Figure S3).

The pre-registration also included an analysis to estimate
the Complier Average Causal Effect (CACE). We decided
to drop this analysis due to the potential selection bias
introduced by preferences among volunteers for the kinds
of edits they chose to thank.

Sampling Criteria. We identified potential thanks recipients
through a two-stage process that started with automated
systems to create a list of eligible candidates who were
randomized into the study. Treatment group candidates
were then shown to volunteer thankers, who could choose
whether to send appreciation to a given study participant. All
participants that were assigned randomization were included
in the study, whether or not thankers chose to skip them,
a choice that sets up the ITT study design. We conducted
multiple waves of assignment. If not enough participants were
available in the first wave, we waited for further newcomers
to join and repeated the above procedure. Inclusion criteria
are described in detail in the pre-analysis plan. ‖

Based on a simulation-based power analysis, we estimated
the required sample sizes to achieve an 80% probability of
detecting a statistically significant effect for each dependent
variable. The minimum detectable effects used in the power
analysis were: an additive increase of 0.25 hours (15 minutes)

‖https://osf.io/c67rg/

in labor hours over 90 days, a 25% relative increase in the
probability of remaining active at two and four weeks, and an
average of 0.1 additional thanks sent per participant over 90
days. We set the goal of including 1,750 newcomers in Arabic,
3,000 newcomers in German, and 800 newcomers in the
Polish-language Wikipedia. Among experienced accounts, we
estimated that 2,400 would be needed on the Polish-language
Wikipedia and 2,400 on the Persian-language Wikipedia.

Sampling for this study was conducted on an ongoing
basis throughout the study period. Accounts were eligible
for inclusion in the study if they were considered active:
they must have contributed to Wikipedia in the previous 90
days and have made at least four high-quality contributions
to a given language Wikipedia in the previous 540 days.
These criteria excluded previous thanks sent and user-page
edits, which are a person’s contributions to their own profile
on Wikipedia. For example, if three of an account’s four
contributions were to their own profile in the previous 540
days, they would not be included in the study.

For Persian, Polish, and Arabic language Wikipedias, our
inclusion criteria included judgments of “good faith” edits
by the ORES system, a machine learning model trained
by Wikipedia community members to classify contributions
to Wikipedia. At the time of this study, this “algorithmic
scoring service,” consisted of 102 machine learning classifiers
operating in 41 languages that had been trained by volunteers
in each language group. We made use of a “good faith” edit
classifier that could review an individual’s contribution to
Wikipedia and provide a probability on a scale of 0 to 1 that
the edit would be judged as good faith by human reviewers.
Evaluations of these models by the Wikimedia Foundation
show that they exhibited a precision of at least 0.98 and a
recall of at least 0.99 across all models (Table S3).

Participants in the study were labeled as newcomers if
they had created the account within the previous 90 days and
were labeled as experienced if they had created the account
more than 90 days before.

Recruiting Thankers. We recruited a total of 313 thanks senders
through a series of banner ads and surveys that were placed
at the top of German, Polish, Arabic, and Persian language
Wikipedias starting June 9, 2019. These banners were visible
to logged-in Wikipedia accounts that were browsing the site
and that met the inclusion criteria. German and Polish
Wikipedia accounts were recruited if they had been granted
permission by the community to “flag revisions,” giving them
the power to choose which version of an article was displayed
to readers by default. Persian Wikipedia accounts were
included if they were registered for at least a year and had
contributed at least 500 edits. Arabic Wikipedia contributors
were shown the banner if the community had granted them
“autoreview” permissions, indicating that they have earned
enough trust that their contributions would not be flagged
for review by other editors. Per-community recruitment
capacity, the resulting volunteer-thanking constraints, and
the language-specific subgroup allocation (e.g. no experienced
cohort in Arabic or GermanWikipedia) are documented in the
Supporting Information (Cross-Language Implementation).

Selecting and Allocating Thanks. Thankers participated by log-
ging into a software interface for sending thanks. This
software presented them with accounts to potentially thank,
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showing them the contributions that made the account eligible
to be considered for thanks. The software showed the before-
and-after view of four contributions made by the account and
presented thankers with the option to send thanks for one of
these contributions or pass over the account (Figure S2). A
full description of the user interface is included on OSF. ∗∗

Receiving Thanks. Many participants who were sent a thanks
message received an email from the Wikipedia platform
notifying them that they had been thanked. Any participants
who had previously navigated through the Wikipedia plat-
form’s settings to manually disable email notifications would
have received a notification of the thanks message through a
bright red indicator at the top of the page when logged in to
Wikipedia (Figure 2). Participants were not aware that they
were being observed for the gratitude intervention.

GDPR Compliance. All participants were sent a debriefing
message after the study concluded. Four people requested
their data be removed from the study, a request we complied
with.
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