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Abstract:

Sustaining shared resources and coordinating collectively for sustainable behavior are essential
to human economic activities and environmental conservation. Ecolabels are widely used to
signal sustainable practices and to influence individual consumer behavior, yet their role as a
coordination device in common-pool resource problems remains largely unexplored. We test
the impact of ecolabels on behavior in a dynamic common-pool resource dilemma with real
economic and environmental incentives. In our lab experiment, groups of participants trade off
short-term individual profits from resource extraction against long-term collective gains and
resource preservation, a tension that induces high strategic uncertainty. We find that ecolabels
significantly increase sustainable behavior, extending resource survival by 20-23% while also
raising participants' earnings. Results show that ecolabels set standards that facilitate early-on
coordination on sustainable behavior, which is then maintained through conditional
cooperation. Importantly, these effects arise even when ecolabels are purely symbolic,
providing no direct monetary benefit, and they persist when participants interact with
computerized others. Our findings uncover underexplored mechanisms of ecolabels that can
affect individual and collective decision making, and suggest that, beyond consumer nudges,
ecolabels can serve as policy instruments for promoting sustainable behavior and establishing

shared sustainable standards.

! University of Amsterdam, Center for Research in Experimental Economics and Political Decision
(CREED)
2 The Tinbergen Research Institute

* Shared senior authors; address correspondence to j.hausfeld@uva.nl or j.b.engelmann@uva.nl



mailto:j.hausfeld@uva.nl
mailto:j.b.engelmann@uva.nl

1. Main

Sustaining shared resources is one of the oldest and most consequential collective action
problems societies face. From forests and fisheries to the global climate, common-pool
resources are depleted when individuals pursue short-term gains by consuming beyond
sustainable benchmarks, usually at the expense of long-term collective welfare!. Current
practices of production and over-consumption accelerate this depletion, with potentially
irreversible consequences for ecosystems, human health, and global economies and societies*
7. These common-pool resource dilemmas are difficult not only because individuals may prefer
immediate private gains, but also because sustainable behavior often depends on expectations
about what others will do. When actors are uncertain whether others will preserve the resource,

even those willing to be conditionally sustainable may instead choose to extract unsustainably.

As shown by decades of research on commons governance in the tradition of Ostrom’s seminal
work® 10, economic games are powerful tools to model conservation and socio-ecological
conflicts'!. Using economic games, research has identified a broad range of institutions that, if
implemented, can address commons dilemmas'*!?, Communication is one major institution!*!
which raises cooperation substantially!'®. Monitoring paired with sanctioning or punishment
can sustain cooperation in both laboratory and field commons, especially when incentives to
defect are strong!72°. Signaling based social interventions that help reduce the tragedy of the

commons include providing normative information?!-2

, making individual contributions
coupled with social approval visible?, and allowing reputation formation®*. Importantly, these
institutions can operate through different channels: structural (by changing what people
consider in their decisions, payoffs or rules), psychological (by changing perceptions and
expectations), and interactional ones (by working through observation of and response to
others)!*!2, Yet many institutions require costly monitoring, enforcement, repeated
communication or formal collective decision-making, despite not addressing multiple of these
channels. This raises the question whether other lower-cost instruments, that address multiple

of these channels and make sustainable behavior and its standards visible, can facilitate

sustainable behavior in a dynamic resource dilemma.

Ecolabels (and carbon labels) are such an instrument. They have been extensively studied as

cost-effective, scalable, and feasible interventions to promote sustainable consumption?>-25,

Some studies show that labels increase consumers’ willingness to pay for sustainable products



and influence purchase behavior?$2’. However, evidence on their effectiveness is mixed in
recent meta-analytic discussions and field experiments, and effect sizes are often small 22830,
Moreover, targeting consumers alone can be insufficient: even when consumers fully
internalize an externality, market outcomes do not necessarily reach socially optimal
outcomes?!. Yet, most existing research studies individual consumer decisions, often in static,
applied settings?>-2>-3233 that do not capture repeated strategic interdependence, i.e. individuals
cannot observe others’ choices or infer whether others will adopt sustainable behavior. This
leaves an important question open: do ecolabels affect sustainability not only by informing

isolated choices, but also by helping groups to coordinate in a commons dilemma?

Our study addresses two underexplored mechanisms of ecolabels. First, ecolabels can serve as

34-37

a focal point that establishes visible standards’*—’, which can reshape prevailing norms,

25,3742

coordinate behavior and catalyze sustainable change . These standard-setting effects of

labels have been observed in consumer markets but also in whole industry sectors (e.g., ISO-
labels**** and electronics®®#>; in forestry, ecolabels improved ecological outcomes and
market competitiveness*’). Second, ecolabels can serve as a communication device, enabling
individuals to display their adherence to sustainable standards to others with the potential to
counter misperceptions*®*’. For example, labels disclose how frequent a certain behavior is?>+7,

thereby shaping individuals’ perceptions 3!, These two mechanisms would make ecolabels a

coordination device in a group setting without directly restricting actions or imposing costs.

In this study, we focus on the strategic uncertainty and miscoordination embedded in common-
pool resource dilemmas and test whether ecolabels can mitigate them by serving as a
coordination device. In many social-dilemma games, a substantial share of participants is

classified as conditional cooperators!+32-53

, 1.e. cooperation that depends on others’ willingness
to cooperate®, and conditionality is commonly emphasized in public climate debates>®-8, Yet
groups may fail to reach cooperative outcomes even when they broadly agree that cooperation
is desirable®. This failure stems from people being uncertain about others likely

actions48,49,60,6l

, or because they fail to adopt institutions in the first place®?%. Conditional
cooperation, as well as conformity® (a related tendency to match others), can sustain
sustainable behavior only once a sustainable pattern has emerged. Neither determines which
pattern emerges initially. We propose that visible ecolabels can supply the focal sustainable

benchmark on which conditional cooperators can coordinate. Accordingly, we hypothesize that



when the tragedy of the commons is driven primarily by miscoordination rather than by

unwillingness to cooperate, ecolabels can help players coordinate on a cooperative equilibrium.

A crucial question that arises is whether this coordination mechanism requires ecolabels to
provide any additional monetary incentives, or whether symbolic ecolabels are sufficiently
effective when standards are set®%>. Symbolic ecolabels could then provide a cheaper and
scalable alternative when other interventions such as monitoring, or sanctions are too costly or
difficult to enforce. Nevertheless, their potential for governing the commons remains
untested®. On the other hand, symbolic ecolabels could be less effective if the tragedy of the
commons is driven by strong deviation incentives or a general lack of willingness to cooperate.
Thus, we study how and through what mechanism ecolabels can help groups coordinate on
sustainable extraction in a dynamic common-pool resource dilemma. More broadly, our study
responds to recent calls for behavioral science to move beyond individual consumer choices

and toward broader, system-wide effects such as coordination?>¢7-72,

To empirically investigate the causal effects and mechanisms of ecolabels on sustainable
behavior and coordination, we use an experimental adaptation of the common-pool resource
dilemma®’3-7°, Our multi-round experiment, the “Social Forest Game”, is framed as a relatable
simulation of a common resource, i.e. withdrawing trees from a shared forest’®”’. In our
controlled lab experiment, each participant decides how many trees to withdraw from a forest
shared with three others. The forest regenerates at a fixed, limited rate (Fig. 1). Withdrawing
more trees yields higher short-term profits, but it increases the risk of irreversibly depleting the
forest, which undermines one’s own and others’ future profits. The game is calibrated to allow
for both sustainable and unsustainable equilibria, thereby capturing the strategic and temporal

uncertainties that often hinder sustainable transitions’®8°,

To identify the effect of ecolabels, we compare the individual behavior in a baseline condition
without ecolabels (“NoEco”-treatment) with two conditions in which participants can earn
ecolabels for sustainable behavior, defined as withdrawing no more than 10 trees (the share of
regrowth rate) in each prior round. We consider two forms of ecolabels: a purely “Symbolic”
label without monetary benefits and a “Monetary” label that increases profits by 25%*. This
comparison assesses whether label effects require material incentives or can already arise from
a visible sustainability standard. Additionally, we implement a computer-player version of the

“Social Forest Game”, in which the other group members are computerized players whose
4



behavior is based on human decisions. Comparing the human-player and computer-player
rounds reduces the scope for explanations based on interaction with, or concern for, human

peers.

Because the relationship between environmental attitudes and behavior is not always direct or

uniform?®!:82

, recent work in environmental psychology and behavioral economics has
emphasized the importance of real and environmentally consequential incentives in
experiments®*~*°, Accordingly, our experiment combines monetary incentives (money) with
environmental consequences linked to real-world tree planting (via onetreeplanted.org),
allowing us to observe decisions with actual consequences for oneself, others, and the
environment, rather than relying on hypothetical choices or self-reported intentions®*%6, Last,
we elicit pro-environmental attitudes and record eye movements to explore psychological and
cognitive channels: If symbolic labels work by making the sustainability standard salient, they
should strengthen the link between pro-environmental attitudes and behavior, engaging
intrinsic environmental motivation. Monetary labels, by contrast, do not necessarily need to

strengthen this link, and should instead draw relatively more attention toward payment-relevant

information®’. Our results are consistent with both predictions.

The framework used in our study distills the commons-failure aspect of the resource-
management problem into a controlled environment, which allows us to make clean causal
inferences that would otherwise be difficult to identify amid the full complexity of market
decisions. Our design also helps separate the motives that may drive label effects. The fixed
horizon makes end-of-game behavior diagnostic: trees left standing in the final round, when no
future extraction is possible, reflect donative or environmental rather than strategic or monetary
motives, a distinction that cannot be identified under an indefinite horizon. Contrasting the
Symbolic with the Monetary label separates purely symbolic standard-setting from monetary
incentives. Comparing rounds played with human and with computer-player group members
separates effects that depend on interaction with, or concern for, human peers from those that
operate through the label itself. First-round choices are informative because they occur before
participants have received any feedback about others; differences at this stage are therefore
consistent with ecolabel availability affecting expectations of others or the salience of the
sustainable benchmark. The development of cooperation over subsequent rounds allows us to
observe how information about others' behavior shapes sustainable behavior over time. To

assess the effects of the labels, we complement preregistered analyses with a robustness
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analysis. Overall, the experiment allows us to understand if and how ecolabels change behavior

dynamically in a common-pool resource dilemma.
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Fig. 1: Schematic representation of “The Social Forest Game”. Illustrative game flows for (A) a sustainable
group under either ecolabel treatment (Symbolic or Monetary) and (B) an unsustainable group in the control (NoEco)
treatment. The top row shows examples of individual decisions made within a group; the middle row illustrates how group
withdrawal and regrowth impact resource levels across rounds. The game starts with a forest of 100 trees. Each of 4
participants can withdraw 0-20 trees worth 10 cents each. Withdrawing trees reduces the resource quantity (Trees left in
graph). If at least 1 tree remains, the next round starts with 40 new trees in addition to the remaining ones: otherwise, the game
ends early. This cycle lasts up to 10 rounds, and remaining trees at the end of round 10 are planted in real life (10 in-game
trees = 1 real tree). If the forest is depleted at any point, participants earn no points in that round, the game ends and no trees
will be planted. All points accumulated until the game ends are paid out. In the ecolabel treatments, participants receive a label
for sustainable behavior (light green label in the top-left schematic) that is irrecoverably lost as soon as participants behave
unsustainably. Middle-Left: A sustainable group would survive all 10 rounds and most keep their ecolabel. Light green lines
represent the extraction per round for the whole group, dashed black lines show the 40 trees that are added at the end of each
round if the forest is not depleted. Middle-Right: A group with several unsustainable players (no ecolabel can be earned in the
NoEco condition) and the game would end after round 3. Bottom-Left: The game lasts 10 rounds or until the forest is depleted.
Bottom-Middle: Each participant earns 10 cents per tree withdrawn. Remaining trees at the end of round 10 were planted
through onetreeplanted.org. Bottom-Right: In Part 1, participants interact with 3 other human participants in real-time. In Part
2, each participant interacts with 3 computer players which mimic behavior of participants in a pilot study. All subjects first
play Part 1 (human rounds) followed by Part 2 (computerized rounds). Subjects are randomly allocated to one of two ecolabel
treatments (Symbolic, and Monetary, see Introduction and Methods) where participants can earn ecolabel for sustainable

production (withdrawing up to 10 trees) or the control treatment without ecolabels.



2. Results

Ecolabels lead to more sustainable behavior

We first analyze how ecolabels affect sustainable behavior and long-term resource outcomes
in the Social Forest Game. Fig. 2 compares the control condition (“NoEco”) with the
“Symbolic” and “Monetary” ecolabel treatments on preregistered outcomes
(AsPredicted#120226): group-level measures related to forest longevity (Fig. 2A-B) and
individual tree-withdrawal in early and later rounds (Fig. 2C-D). Table 1 summarizes outcomes
by conditions in the human and computer version, while Fig. 3 then visualizes the temporal

development of treatment differences across rounds and different outcome indicators.
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Fig. 2: Group- and individual-level behavior is more sustainable in ecolabel conditions. A,B: Group-level measures. (A)
Share of forests alive at the end of a round averaged across groups per round and ecolabel condition (horizontal lines) and
Restricted Mean survival Time (RMST, vertical lines). RMST values reflect average survival durations (Rounds Alive) up to
round 10; the ratio between the gray (No Eco) and red (Monetary) and green (Symbolic) vertical lines reflects the protection
factor (PF) yielded by ecolabels, which ranges from 1.20 to 1.23, indicating an increase in forest survival time by 20-23%
(Supplementary Results 1.1). (B) Number of trees left averaged across groups per round and ecolabel condition, groups that
depleted their forest have 0 trees left. C, D: Individual-level measures. (C) Average number of trees withdrawn in round 1. (D)
Average number of trees withdrawn per round and ecolabel condition. A and B use Cousineau-Morey within-groups confidence

intervals, D uses Cousineau-Morey within-subjects confidence intervals, all figures use 90% Cls.



Both ecolabel conditions increase resource longevity at the group and individual levels
compared to the NoEco condition (Fig. 2A, RMST Analysis below, Table 1). Restricted Mean
Survival Time (RMST) analyses at the group level show that both ecolabel conditions
significantly delay forest depletion relative to NoEco (Supplementary Results 1.1): Forests
survive on average 1.70 rounds longer in the Symbolic condition (RMST-ratio=1.23, 95%-
CI[1.04,1.46], p=0.018) and 1.45 rounds longer in the Monetary condition (RMST-ratio=1.20,
95%-CI[1.001,1.434], p=0.0498). Thus, both ecolabels increase expected forest survival,
reflecting a protection level between 20-23% (ratio between vertical lines Fig. 2A). Similarly,
groups in both ecolabel treatments preserve more trees, compared to the NoEco treatment,
throughout most of the game (Fig. 2B; rounds 1-8, Mann-Whitney-U test (MWU)
Puncorrected<0.05 for all but one comparison; Fig. 3; Supplementary Table S1; for BH-corrected

results see Supplementary Results 1).

Differences in sustainable outcomes emerge from the beginning. In round 1 (Fig. 2C), before
participants received any information about others, participants withdraw fewer trees under
both ecolabels than under NoEco (Means: mnokco=12.71, msymbolic=10.73 & MMonetary=10.11;
MW UnoEco-symbolic P<0.01, MWUNoEco-Monetary P<0.01, MW Usymbolic-Monetary p=0.32). This early
round difference is important because the initial behavior strongly predicts subsequent
decisions and outcomes as shown later. Additionally, given our dynamic setup, early-round
behavior is more comparable across groups, whereas later-round behavior is history- and state-

dependent (i.e. on near-depleted forests).

As the game progresses, group dynamics diverge: the most unsustainable group depletes its
forest as early as round 3, whereas fully sustainable groups maintain it at the initial level.
Because unsustainable groups drop out early, later rounds over-represent sustainable groups.
To avoid this survivor bias, we first restrict the comparisons to rounds 1-3, in which all groups
are still active. Here, participants withdraw fewer trees in both ecolabel conditions than in
NoEco (Fig. 2D; means across first 3 rounds: mnoeco=12.49, Msymbolic=11.07 & mmonetary=10.88;
Kruskal-Wallis Test: x2¢;05(2)=41.91, p<0.01; MWUnNoEco-Symbolic P<0.01, MW UNoEco-Monetary
p<0.01, MW Usymbolic-Monetary p=0.75). Consequently, by the end of round 3, forests under both
ecolabel conditions had significantly more trees left (Fig. 2B, mnoEco=30.25, msymbolic=47.20 &
MMonetary=49.38; OLS-regression F-test=4.68, p=0.01; pnoEco-Symbolic=0.02, tNoEco-Symbolic=2.46;
PNoEco-Monetary<0.01, tNoEco-Monetary=2.81; Psymbolic-Monetary=0.75, tsymbolic-Monetary=0.32). Figure 3

summarizes these effects across rounds and measures.



These early differences set groups on diverging trajectories, and because unsustainable groups
deplete their forest and exit the game, the composition of surviving groups shifts toward
sustainable groups as rounds progress. This attrition produces a distinctive and predictable
pattern across outcome measures. First, groups in the label conditions kept extracting
sustainably from living forests for more rounds, resulting in higher cumulative trees withdrawn
and earnings per participant under both labels (Table 1, Fig. 3). This reflects longer resource
availability, not higher per-round extraction. Second, per-round extraction is mostly different
in the early rounds and converge as unsustainable NoEco groups deplete their forest; averaging
across all rounds, the difference is accordingly marginal (Supplementary Results 2: OLS
clustered by group and individual: F=1.87; BNoEco-symbolic =-0.54, p=0.053; BNoEco-Monetary=-0.43,
p=0.15), because this average pools rounds with very different surviving populations. Third,
by the final rounds the surviving groups in every condition are predominantly sustainable, and
end-game defection compresses differences further: seven of the eight forests depleted during
round 10 were in label conditions, and when excluding final-round depletions, depletion rates
are 0.60 under NoEco versus 0.35 and 0.38 under Symbolic and Monetary. End-of-game trees
remaining (Avg. Trees Left) and forest survival (Share Forests Alive) therefore no longer differ
from NoEco (Table 1A), even though both labels significantly extend resource longevity and

preserve more trees through most of the game (Figs. 2 and 3).



A: Part1 B: Part2
Variable Human Rounds (SE) Computer Rounds (SE)
:  NoEco Symbolic Monetary *  NoEco Symbolic Monetary
), (S) ™M) : ™) S) ™M)
Round 1 12.71 10.73 10.11 14%* 11.26F 10.55%
Withdrawal (0.55) (0.43) (0.34) : (0.58) (0.43) (0.33)
pns: 0.00 pym: 0.00 psv :0.32 pns: 0.00 pnm: 0.00 psa :0.08
Rounds 3.71 6.80 6.87 3.90 6.49 6.57
Sustainable (0.34) (0.33) (0.33) : (0.38) (0.40) (0.38)
PNs:0.00 pne: 0.00 psa:0.85 pn-s: 0.00 pam: 0.00 psa:0.83
Total Trees 80.05 97.10 94.67 T 5994k 77.11%** 80.30%**
withdrawn (4.38) (3.09) (3.28) (25D (2.33) (2.51)
per person pn-s: 0.00 pny: 0.01 psa:0.71 : pn-s: 0.00 pys: 0.00 psas:0.16
Avg. Num. 7.45 9.15 8.90 T 6.33%x 7L 8.11%**
Rounds (0.59) (0.36) (0.44) (031 (0.29) (0.28)
Alive pn-s:0.04 prw: 0.08 psa :0.78 : pr-s: 0.00 p.as: 0.00 psa :0.61
Avg. Trees 6.20 11.15 11.95 5.25 8.78 6.90*
Left (2.86) (4.48) (445 T (2.02) (1.42) (1.26)
pns: 0.47 pym: 0.31 psam :0.89 . pn-s: 0.00 pym: 0.00 psas:0.38
Share 0.35 0.45 0.48 i 0.19% 0.45 0.40
Forests Alive (0.11) (0.11) (0.11) r (0.04) (0.06) (0.05)
pns: 0.75 pym: 0.62 psm 21.00 . pn-s: 0.00 pys: 0.00 psas:0.67

Table 1: Overview of Outcome variables by Condition. (A) Outcome variables by ecolabel condition in Part 1, in which
participants interact with other humans. (B) Outcome variables by ecolabel condition in Part 2, in which participants interact
with three computer players; hence group outcomes are driven only by individual choices of the player. For each variable, the
first row shows the mean and the standard errors in brackets. The second row (blue/white background) shows the exact p-
values from Mann-Whitney U tests comparing the ecolabel conditions, with blue indicating significant differences between
ecolabels and the NoEco control, with significant results highlighted in bold for p < 0.05. In (B), stars indicate statistically
significant differences between the human and computer rounds within an ecolabel condition (Wilcoxon signed-rank test).
Note that Avg. Num. Rounds Alive refers to rounds in which participants could decide. Regressions with interaction effects
between condition and game version can be found in Supplementary Results 3. For rows 4, 5, 6 (last 3 variables) analyses for
human rounds at group level (N=61). P-values abbreviations in second rows: pn.s: NoEco vs. Symbolic; pn-m: NoEco vs.

Monetary; ps-m: Symbolic vs. Monetary. T p <0.10, *p<0.05, **p<0.01, ***p<0.001

Ecolabel effects are robust across rounds and outcome measures

Fig. 3 summarizes the differences between NoEco and each ecolabel condition by round, across
measures including economic and resource outcomes (uncorrected p-values; BH-corrected

results in Supplementary Results 1.2; see legend). In both game versions, ecolabel conditions
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show lower initial extractions, and more sustainable rounds and greater resource preservation
(trees left and forests alive) during the middle of the game. In the human rounds, differences
of the resource outcomes narrow toward round 10. In the computer rounds, where peer behavior
is standardized, both labels result in more trees left at the end and a higher share of forests alive
than NoEco (Table 1B; Fig. 3). For example, on average participants leave significantly
different amounts of trees alive (MNoEco=5.25, Msymbolic=8.78 & MMonetary=0.9, both p<0.01).
The ecolabel effects on early extraction, sustainable rounds, resource longevity, and total trees
withdrawn are consistent across the human and computer rounds (Fig. 3; Table 1 &

Supplementary Results 3).

The main ecolabel effects are consistent throughout and the reversals shown in Fig. 3 do not
contradict the ecolabel effects. Under the Monetary label, extraction exceeds NoEco in the final
human round, this reversal reflects the end-game effect described in the next section. In the
computer rounds, per-round extraction in the labels conditions exceeds that of NoEco in several
middle rounds. This reflects a selection effect, i.e. the selfish have already depleted the forest,
among surviving NoEco participants. Many participants that are still active have reduced
extraction after experiencing that over-extraction accelerates depletion as the conditional-
cooperator computer player reciprocates unsustainable behavior. They extract more
conservatively, even below the 10-tree benchmark, than participants in the label conditions,
who withdrew closer to the sustainable benchmark from round 1 onward (Supplementary

Results 4, Fig. S3D).
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A: Human rounds
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B: Computer rounds
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Negative effect of Labels . . . . Positive effect of Labels

<.001 <01 <05 <10 ns. <10 <05 <01 <.001

no variance

Fig. 3 Ecolabel effects across outcomes, rounds and game versions. Each cell reports a two-sided Mann-Whitney U test
comparing the NoEco condition with one ecolabel condition in a single round. Rows are the six outcome measures; columns
are rounds 1-10. Panel A shows Part 1, in which participants play with three other humans; Panel B shows Part 2, in which
they play with computerized players. The left block compares NoEco with Symbolic, the right block NoEco with Monetary;
the comparison of Symbolic and Monetary is presented in Supplementary Results 1.2. The first 2 rows describe individual
behavior (n = 80 NoEco, 80 Symbolic, 84 Monetary). Variables: Fewer trees withdrawn is the trees withdrawn in that round,
restricted to forests still alive at the start of the round. Rounds Sustainable (cumulative) is each participant's running counter
of rounds in which they withdrew ten trees or fewer. The three middle rows describe the state of the forest and are measured
at the group level in Part 1, one observation per group (n = 20, 20, 21); in Part 2 each participant plays with computerized
players and constitutes their own group. Trees left is the standing counter, Forests Alive is the share of forests not yet depleted,
and Rounds alive (cumulative) is the number of rounds the forest has survived up to and including that round. The final row
is the economic outcome: Money earned (cumulative) is each participant's cumulative payoff, which includes the bonus paid
in the Monetary condition and stops accruing once the forest is exhausted. Shading intensity gives the p-value (from p <0.10
to p <0.001). Blue indicates that the difference runs in the positive direction for that measure (labels have a positive effect),
orange that it runs in the opposite direction. Gray cells could not be tested because the measure had no variance at that point:
no forest had yet been exhausted in rounds 1-2 (Forests Alive) or rounds 1-3 (Rounds Alive). P-values are uncorrected, see

Supplementary Results 1.2 for BH-corrected figures including the ecolabel comparisons.
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Symbolic and Monetary ecolabels show similar main outcomes

Both types of ecolabels improve environmental and economic outcomes relative to the NoEco
condition. Comparing the Monetary and the Symbolic condition, we find no significant
differences for economic and environmental outcomes, i.e. forest longevity and first round
behavior (Fig. 2, Table 1, Supplementary Results 1.2). However, we do observe higher total
payouts in the Monetary ecolabel condition (MNoEe=80.05, MmMsymbolic=97.10 &
MMonetary=109.93; Supplementary Results 1.2) which is mechanically driven by the per-tree
multiplier, rather than a difference in the number of trees withdrawn (Table 1: Total Trees
withdrawn per person). Overall, the purely symbolic ecolabel performs similar on the main

outcomes at no financial cost.

Notably, the two label conditions differ in the final round among groups where forests are still
alive until the end. In round 10, participants in Monetary withdraw significantly more trees
than those in Symbolic (Fig. 2D, mnorco=10.875 (N=32), msympolic=12.846 (N=52) &
MMonetary=15.769 (N=52); Kruskal-Wallis Test: x2;.5(2)=14.33, p<0.01; MWUSsymbolic-Monetary
p<0.01; MWUNoEco-symbolic p=0.09; MW UNoEco-Monetary p<0.01; this also holds when looking at
the last active round per group prior to forest depletion: mnorco=12.74 (N=80), msymbolic=12.85
(N=80) & mmonetary=15.39 (N=84); Kruskal-Wallis Test: X205 (2)=11.54, p<0.01;
MW Usymbolic-Monetary P<0.01; MW UnoEco-Symbolic pP=0.66; MW UNoEco-Monetary P<0.01). This end-
round effect suggests that earlier cooperative behavior in the Monetary condition is at least
partially motivated by monetary incentives, and stronger monetary incentives may be
associated with reduced cooperation in later rounds. This comparison of the two labels is
consistent with prior findings showing that i) sustainability is possible despite greed’ and ii)
extrinsic incentives can crowd out intrinsic motivation, particularly in ethical decision making

and coordination contexts®®:3%,

Treatment effects persist with computerized players

To test whether the ecolabel effects depend on interacting with human peers, we use the
computer rounds in the second part of our experiment. Here, each participant interacts with
three computerized players implementing three withdrawal strategies commonly observed in
human play (see Methods). This version complements the human rounds in two ways. Peer
behavior is standardized: every participant faces the three preprogrammed strategies, so

differences in outcomes reflect participants' own choices and the preprogrammed responses to

13



them, rather than the composition of their group. Moreover, each participant's forest is
independent, since choices neither affect nor are observed by other human players. Replacing
the human group members with computer players removes the scope for explanations based on
concern for human peers, reputation, social approval and other-regarding preferences, that

could otherwise drive the observed effects®.

The main treatment effects persist in the computer rounds. In addition, and unlike the human
rounds, sustainable outcomes differ throughout until the end of the game (forest alive, trees
left, see Table 1B and Fig. 3): 19% of NoEco forests survive to the end, compared with 45%
under Symbolic and 40% under Monetary (both p<0.01, Table 1B, Fig. 3). The overall level
differences between game versions are also by construction: group withdrawals are higher in
the computer rounds because the preprogrammed strategies withdraw more in combination
(Round 1: 40 plus own extraction) than three human players do on average (33.5). Accordingly,
no fully sustainable groups remain in the computer rounds. Participants’ own withdrawals are
only modestly higher (Table 1, row 1). However, the ecolabel effects do not differ substantially
between game versions, indicated by an absence of treatment by game-version interaction
(Supplementary Results 3). The persistence of the ecolabel effects when human players are
removed suggests that the mechanism through which ecolabels operate goes beyond social
preferences. We therefore examine two components of the proposed coordination mechanism:
(1) that ecolabels improve initial coordination on sustainable behavior, and (2) that this

coordination is then sustained through conditional cooperation.

Ecolabels facilitate initial coordination

The first-round results are consistent with the presence of ecolabels shaping initial coordination.
In round 1, both ecolabels lead to reduced withdrawals in the first round compared to NoEco
(Fig. 2C), despite the sustainable benchmark being clearly communicated in each condition
(“10 trees is considered sustainable”). Further, we find that in the ecolabel conditions, a larger
share adheres to the sustainable behavior benchmark of up to 10 trees (Fig. 4A) or exactly 10
trees (Fig. 4B; round 1: NoEco=42.5%, Symbolic=76.25% & Monetary=82.1%; Kruskal-
Wallis Test: X24j05(2)=33.49, p<0.01; MW UnoEco-symbolic P<0.01, MW UNoEco-Monetary p<0.01,
MW Usymbolic-Monetary  p>0.3).  Within-group variance in round 1 withdrawals are also
significantly smaller in both ecolabels than in NoEco (variance ratio test: NoEco vs_Symbolic:

F(79,79)=1.60, p=0.04; NoEco vs Monetary: F(79,83)=2.46, p<0.01). These first-round
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patterns also appear in the computer rounds (Supplementary Results 6.1) again emphasizing a

mechanism beyond social preferences, signaling or status-seeking.

Conditional cooperation sustains initial coordination

Because ecolabel conditions significantly enhance sustainable withdrawals in round 1, we next
examine how participants’ subsequent behavior responds to their own and their group
members’ prior sustainable behavior. Across conditions, many participants show a pattern
consistent with conditional cooperation: for every additional group member who withdrew
sustainably in the previous round, a participant’s odds of withdrawing sustainably increase
(Odds ratio (OR)=1.28, 95%-CI[1.08,1.51], p<0.01, Supplementary Results 8.2). This
association is even stronger when considering the number of group members who have been

sustainable in all previous rounds (OR =1.96, 95%-CI[1.54,2.47], p<0.01).
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Fig. 4: Evidence for standards and conditional cooperation. (A) shows the proportion of sustainable players (i.e.
withdrawing up to 10 trees) per round and ecolabel condition. (B) shows the proportion of players withdrawing exactly 10 trees
per round and ecolabel. In both (A) and (B), there are significantly fewer sustainable players in the NoEco condition (see
Supplementary Results 5 for computer rounds). (C) shows the proportion of players being sustainable in round 2 as a function
of the number of other group members who were sustainable in round 1, reflecting players’ early-game behavioral reactions to
other group members’ round-1 behavior. Players are separated by whether they were initially sustainable (green; N=191) or
initially unsustainable (black; N=53). A and B use Cousineau-Morey within-subjects confidence intervals. All shaded areas

represent 90% confidence intervals. Supplementary Results 5 replicates this figure in computer rounds.
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Since the initially sustainable participants constitute a majority of the sample (191 initially
sustainable vs. 53 initially unsustainable more details in Supplementary Results 8), their
responses largely determine the aggregate dynamics. Initially sustainable participants showed
significantly different withdrawal patterns from participants that were initially unsustainable
after feedback about the number of sustainable group members at the beginning of round 2
(Fig. 4C; Table S10; interaction OR = 4.71, p < 0.001). Specifically, among the initially
sustainable participants, the probability of sustainable withdrawal in round 2 increases with the
number of sustainable group members in round 1 (Fig. 4C; initially sustainable participants
only; OR=2.18, 95%-CI[1.34,3.54], p<0.01, Supplementary Results 8.2). By contrast,
participants who did not behave sustainably in round 1 reduce their cooperation as most others
cooperate (Fig. 4C; initially unsustainable only; OR = 0.46, p = 0.022). Thus, initially
sustainable participants showed a pattern consistent with conditional cooperation, while

initially unsustainable participants showed a pattern more consistent with freeriding>*.

The same pattern of reactivity to group behaviors unfolds when conditioning on the number of
trees remaining at the start of round 2 instead of the number of sustainable others
(Supplementary Fig. S5C). Because of this conditionality, early withdrawals are consequential
for later outcomes. Groups in which all members act sustainably in round 1 survive 9.78 rounds
on average. For each additional tree withdrawn above the sustainable threshold (>10) in round
1, forests survive approximately 0.2 rounds less (OLS, t=-3.54, p<0.01), and the odds of
eventual depletion rise by 11% (logistic regression, OR=1.11, 95%-CI[1.01,1.23], p=0.04;
Table S5). Across groups, a greater number of initially sustainable members is associated with
more rounds alive (OLS, t=3.82, p<0.01) and directionally with lower estimated odds of
eventual forest depletion (OR=0.52, 95%-CI[0.24,1.09], p=0.08). Full analyses and

replications in the computer rounds are reported in Supplementary Results 6.2, Tables S4-S6.

As a descriptive complement to these analyses, we classify participants according to strategy
types as done in previous studies on social dilemma (e.g. defectors, conditional cooperators,
unconditional cooperators). Most participants are classified as conditional cooperators 69.26%,
followed by 24.18% that are unconditional cooperators (UC) and 6.56% that are unconditional
defectors (UD), Supplementary Fig. S6). The resulting distribution of types predicts long-term
outcomes in the expected direction (Supplementary Table S9): groups with at least one

unconditional defector (UD; always withdrawing >10 trees) survive an average of 2.9 fewer
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rounds (mean rounds alive= 6.29, t=4.16, p<0.01) compared to groups without this type of

player, emphasizing that group composition affects how conditional cooperators behave®!.

Ecolabels shift strategy types and facilitate conditional cooperation

The distribution of these types differs across treatments. We find shifted distributions of
strategic types in both ecolabel conditions compared to NoEco (y2(4)=22.38, Fisher's exact
p<0.01), reflected by an increased number of unconditional cooperators (mnoeco=11.25% vs
Msymbolic=37.5% & MMonetary=23.8%; ¥2(2) = 15.04, p<0.01) and fewer unconditional defectors
(MNoEco=13.75% vs Msymbolic=2.5% & MMonetary=3.57%; ¥2(2)=10.13, p<0.01) while the number
of conditional cooperators differs only marginally (¥2(2) =4.91, p=0.09). Finally, treatments
differ in how participants react to other participants’ behavior. While the conditionality effects
above are pooled across ecolabel conditions, adding the label conditions, shows an interaction
effect and different patterns of conditionality for the label conditions compared to the NoEco
condition. This difference becomes clear when restricting the analysis to the early rounds
(where more labels are present) and/or to participants for whom conditional cooperation rather
than free riding is the relevant response (i.e. that were sustainable in round 1; Fig. 4C). The
association between the number of sustainable group members and subsequent sustainable
behavior is only positive in both ecolabel conditions (Rounds 2-4: Symbolic: OR=2.14, 95%-
CI[1.14,4.01], p=0.02; Monetary: OR=2.57, 95%-CI[1.35,4.87], p<0.01; but not in NoEco:
OR=0.88, 95%-CI[0.56,1.38], p=0.58; Supplementary Results 8.2). These results suggest that
ecolabels affect both the visibility and prevalence of sustainable behavior by communicating
others’ behavior more clearly. Rather than demonstrating that ecolabels create cooperators, the
pattern indicates that they seem to reduce the likelihood of free-riding by making sustainable

behavior a more salient standard to match.

Environmental attitude, Symbolic labels, attention and behavior

Individual and group-level environmental attitudes are consistently positively associated with
sustainable behavior across the experiment, reflecting the relevance of donative motives for
individual decision making®-86. Participants and groups with stronger pro-environmental
attitude (1-item; 5-point Likert-scale; “I find the environment...”; see Methods) withdraw
fewer trees in round 1 (f=-0.765, p=0.04), remain alive for more rounds (f=0.499, p<0.01),
and leave more trees at the end (=2.30, p<0.01; Supplementary Results 9).
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When differentiating between ecolabel conditions, we only observe a significant correlation
and an interaction effect between the Symbolic ecolabel condition and environmental attitudes.
In the Symbolic ecolabel condition, stronger environmental attitudes are associated with the
number of rounds alive (interaction: Bsymbotic=1.21, psymbolic<0.01) and the total number of trees
withdrawn (interaction: Bsymbolic=9.76, psymbolic=0.01; Supplementary Table S11). We observe
no significant interactions and no significant independent association (correlations split by
condition) under the NoEco (p>0.5) and Monetary condition (p>0.5). Follow-up analyses for
both game versions separately and a replication with group-averaged environmental attitudes

are presented in Supplementary Results 9.

Analyses of eye-tracking data (recorded for a subset of 100 participants; Supplementary
Results 10) suggest that ecolabels can also increase the salience of incentives. Specifically,
participants in the Monetary condition allocate a larger share of their attention to payoffs
compared to the Symbolic condition. This effect is consistent across two different analyses that
ensure that all groups are included in the analyses: (1) before any of the groups deplete the
forest (first 3 rounds; attention to points earned: Bround1-3=0.110, pround1-3=0.005) and (2) in the
last 3 rounds before forest depletion for each group (attention to points earned:
BLas3Rounds=0.114, prLast3rounds<0.01). This effect is enhanced for attention to the participants
own earnings in the early rounds (attention to own points: Broundi-3=0.071, proundi-3=0.01;
BLas3Rounds=0.07, PLas3Rounds=0.11; see all comparisons also to the NoEco in Supplementary
Results 10). Taken together, the attitude and attention findings provide secondary evidence for
how ecolabels might work: the correlations between environmental attitudes and sustainable
behavior and the attentional evidence suggest that symbolic ecolabels reinforce intrinsic
environmentally-oriented motivation, while the monetary ecolabel can crowd these out and

instead shift attention toward individual financial incentives.
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3. Discussion

Our findings from “The Social Forest Game” highlight the underexplored potential of ecolabels
as coordination devices. We show that ecolabels foster longer forest survival (Fig. 2), lower
initial resource extraction (Fig. 2 & 3) and more coordinated early behavior (Fig. 4). These
patterns are consistent with ecolabels enhancing the salience of a sustainable benchmark and,
consequently, helping groups coordinate on the sustainable equilibria, rather than selfish ones.
Once labels are in place and can be observed, they can provide additional information about
others’ previous behavior, thereby likely reducing strategic uncertainty, especially in early
rounds. The collective sustainable equilibria are then more likely to be maintained through
conditional cooperation (Fig. 4C). Together, these findings support our hypothesis that
ecolabels earned for sustainable behavior improve outcomes across both environmental and

economic measures. This pattern is broadly consistent across measures and game versions

(Fig.3).

Remarkably, a purely symbolic label (“Symbolic”) which carried no monetary reward,
produces comparable outcomes to those of the monetary label (“Monetary”). If financial
motives dominated, the Monetary ecolabel would consistently outperform the Symbolic one.
Instead, both ecolabels yield similar effects across behavioral and environmental outcomes,
which is consistent with ecolabels operating by signaling salient behavioral standards.
Importantly, we find that the effects of ecolabels also persist in the computer rounds, where
participants’ choices neither affect the outcomes of, nor are observed by, human peers.
Ecolabel effects are already present in the first round, before participants had received feedback
about others’ behavior or label status. This comparison reduces the likelihood that ecolabels

work mostly based on social or status concerns.

While we find only minor differences between the labels in outcomes, one part of the
underlying mechanisms seems to differ. The differences between the Symbolic and the
Monetary label found in our study aligns with prior theory and evidence on intrinsic and
extrinsic motivation®”. Symbolic labels strengthen the attitude-behavior link: pro-
environmental attitudes predict more sustainable choices and outcomes only in the Symbolic

t°2 and

condition®. These findings are compatible with the Focus Theory of Normative Conduc
the Norm Activation Model®***, which suggest that symbolic ecolabels make environmental

norms both psychologically accessible and situationally salient. In contrast, participants in the
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Monetary condition allocate more attention towards payoff information and withdraw more

trees in the final rounds than participants in the Symbolic condition.

Our results connect economic and psychological theories, underscoring the interdisciplinary
relevance. Ecolabels can provide a focal point® and facilitate conditionality®, thereby helping
groups solve the coordination problem inherent in dynamic common-pool settings. At the same
time, by aligning norms and attention, ecolabels help bridge the value-action gap via the value-
belief-norm pathway that underlies pro-environmental behavior”®. On the other hand, we show
that adding monetary incentives to ecolabels, can bias attention and motives towards payouts
and in course lead to crowding out effects undercutting the norm activation®®*°. More broadly,
the findings are compatible with labels operating through the multiple influences identified by
Van Lange et al. (2013)'3: (1) psychological influence, i.e. by making a sustainable standard
salient affecting initial behavior; (2) dynamic-interaction influence, i.e. by providing visible
and continuous information about the sustainable behavior of peers; and (3) structural influence

i.e. by altering material incentives (Monetary label).

The strength of this coordination depends on who is coordinating. Participants who behaved
sustainably in round 1 become more likely to remain sustainable as more of their group did so.
On the flip side, those who did not behave sustainably in round 1 become less likely to behave
sustainably as several others behave sustainably, free-riding on others’ restraint rather than
reciprocating (Fig. 4C). The ecolabels make sustainable behavior more visible for either group
and their effectiveness can depend on the distributions of types within a group. Here, ecolabels
can have two positive effects. First, in our sample, initially sustainable participants predominate
(78.3% are sustainable in round 1). The distribution of types in both ecolabel conditions contain
a higher share of unconditional cooperators and a reduced share of unconditional defectors,
hence increasing the chance to observe more sustainable behavior. Second, among initially
sustainable participants, the association between others’ sustainable behavior and subsequent
own sustainable behavior is positive, whereas this association is not present or reversed in the
NoEco condition. This indicates that without a visible standard and clear indication of others’
adherence, even willing cooperators might behave more selfishly. Without labels, over-
harvesting is visible in the state of the forest, while other’s restraint is difficult to infer.
Ecolabels supply this missing signal of (at least partial) restraint. Our results also suggest when
labels should work best: they are most promising where many actors are willing to cooperate

conditionally but fail to coordinate.
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While the effects of ecolabels are consistent, in the hypothesized direction, and clear across all
measures in the computer rounds, two end-state outcomes in the human rounds, trees left (and
hence trees planted) and the share of forests depleted, show no significant differences across
conditions. These are the outcomes most affected by well-documented end-game effects in

finitely repeated games *7-°

, in which participants extract more in the final rounds. In our data,
this falls disproportionately on the ecolabel conditions, whose forests are the ones still alive to
be depleted: seven of the eight forests depleted in round 10 were in the label conditions, and
Monetary participants withdrew significantly more than Symbolic or NoEco participants in the
final round. Together with attrition (unsustainable groups deplete the forest early, leaving
predominantly sustainable groups by the end), this accounts for the end-state convergence in
the human rounds. The realized end-state consequence is moreover only one of two
sustainability-relevant outcomes that our design captures. The other is resource persistence,
reflecting whether the shared resource survives continued extraction. This is arguably the more
important outcome, as it defines a commons dilemma and is the criterion by which institutions
are judged in the commons literature®!%, It also matters beyond the model: depletion is
irreversible, and delaying it preserves options for recovery, adaptation, or institutional and
technological change!®. On this outcome ecolabels have clear effects: forests survive
significantly longer under both labels. We therefore interpret the results as evidence that
ecolabels improved resource persistence and early sustainable behavior within the
experimental commons dilemma, rather than as a demonstration of a direct real-world

environmental effect.

Several limitations apply. We relied on a student sample which might differ in strategic
decision making from firms or other resource users but has the advantage of having more
experimental control. To get broader insights into the underlying processes, future work could
elicit beliefs or expectations about other’s strategies directly. We chose to not elicit them
directly since this might interfere with choices in our dynamic and multi-round setting!%%193,
Additionally, we find consistent results across subject pools at two different universities and
countries. Further, as discussed in the methods, the known fixed horizon differs from several
real resource management settings, but allows for more control and removes complexity. In
addition, our paradigm also yields an equilibrium-selection problem mimicking studies with
probabilistic ending periods. Finally, given the mixed field evidence of labels, one should be

careful with taking the effect sizes too literal, as the effect might differ by salience of the
21



settings (such as observability or relevance of the labels) and other context factors (such as

salience of environmental consequences, subject pool, strength of the label signal).

Our findings carry policy implications: in markets where individual actors exert substantial
environmental impact but face strategic uncertainty, ecolabels can help to resolve that
uncertainty and steer standards towards sustainability. Future work could further explore
whether ecolabels can work effectively as a scalable and politically viable instrument for
advancing the goals of the EU Climate Law and the Paris Agreement. Importantly, the
Symbolic ecolabel produces comparable effects to those of the Monetary, despite not providing
a 25%-increase in payments, while also not showing the crowding out effects. The purely
symbolic label requires no subsidy, no transfer, and no payment infrastructure; it requires only
a rule for what counts as sustainable, and a way of displaying who meets it. In our experiment,
labels were awarded truthfully and at no cost. Real-world effectiveness, however, will hinge
on certification credibility, monitoring frequency, and appropriately chosen thresholds. These
issues merit further investigation?, especially as field evidence on consumer effects of
ecolabels is mixed, ecolabels can be misused for greenwashing!', overload the consumer!%,
or fulfil very low standards®®. Here, the emerging European large-scale policies to increase
transparency and labelling for sustainable practices, such as the Digital Product Passport and

the CSDDD, can serve as case studies and springboards for widespread labelling policies.

Both of these policy instruments target producers rather than consumers. Here, the standard-
setting and coordination effect could matter significantly as producer decisions carry greater
environmental impact and signaling power than individual choices?-”-7:1%, The mechanisms
discussed may therefore translate to firms as well as households and prosumers!?’. Like
participants in our game, actors operating in the same market face strategic uncertainty about
competitors' willingness to adopt sustainable practices and what sustainable practices are
relevant for consumers and policymakers. A credible, visible standard can reduce this
uncertainty in the same way it does in our experiment: it defines what counts as sustainable
and reveals if others are adhering to it. We do not claim to capture the full complexity of
organizational decision-making; certification choices by firms are also driven by strategic
motives such as legitimacy, costs, differentiation, and market access®”-1%%19, Yet, firms often
adopt standards for symbolic and conformity reasons rather than purely material ones, so the
coordination and standard-setting channel that we isolate may be one ingredient of why

labelling regimes gain traction in markets'!?, Households and prosumers, in turn, may be the
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most direct analogue of our setting: their environmentally consequential choices, such as home-
energy investments, i) combine private returns with collective effects, ii) are made by
individuals rather than organizations, and iii) are known to respond to labels and disclosure!!!~
13 'Where such choices become visible to peers, as with rooftop solar, the same interplay of
standards and observability that drives coordination in our experiment, could operate at the

local scale.

By demonstrating that ecolabels can promote sustainable behavior even without financial
incentives, our results broaden the potential role of labeling beyond influencing isolated
consumer choices. Well-designed ecolabels can serve as standard-setting mechanisms and
catalysts of sustainability transitions which can complement other cooperation interventions
including communication, monitoring and sanctioning. Where actors face strategic uncertainty
about others’ willingness to adopt sustainable behavior, credible and observable labels can help
groups coordinate quickly on sustainable behavior. The real-world effectiveness will depend
on several factors (verification, realistic thresholds, or contexts), but labels can provide a
comparatively accessible and scalable complement to other approaches required for climate

mitigation and resource management.
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4. Methods

Laboratory participants (N=244; 100 with eye-tracking in Konstanz; 144 in Amsterdam) made
decisions with real monetary and environmental consequences in the “Social Forest Game”
(Fig. 1). We pre-registered a target of about 48 participants per ecolabel condition (AsPredicted
#120226) and did not specify an a-priori power analysis. Data collection at two sites increased
the final sample size to 244 participants (Symbolic n=80, Monetary n=84, NoEco n=80). Since
participants made decisions in groups of four, the sample size differs across levels of analysis:
individual vs group and human vs computer rounds. At the individual level, the sample offers
a minimum detectable effect of d=0.4 (o = .05, power = .80), while at the group-level (groups
of 20, 21 and 20 per condition) the analysis is less sensitive for the main Mann-Whitney U
tests, with a minimum detectable effect of d=0.82. To check that pooling across sites did not
introduce systematic differences, we tested condition by site interactions and found no relevant
differences (Supplementary Results 11). In both locations, each session involved 8 to 20
participants and lasted around 50 minutes on average. Even though choices were made
anonymously, we chose to have at least 8 people per session to ensure that participants did not
know with certainty who was in their group. Participants received around 13.50 Euros on
average. The experiment was coded in zTree5.1!!4, Data were analyzed using Stata'!> and R!S,
We received ethics approval prior to conducting the study from the Economics and Business

Ethics Committee (EBEC) at the University of Amsterdam.

The Social Forest Game

In the “Social Forest Game”, participants acted in groups of four, with roles framed as producer
decisions. Each group was initially endowed with a common forest of 100 trees. In each round,
each participant decided how many trees to withdraw, choosing between 0 and 20. Each
withdrawn tree yielded €0.10 in profit. If at least one tree remained after all group members’
withdrawals in a round, the forest regrew: 40 trees were added to the remaining trees for the
next round. We chose a constant regrowth rate to set a clear sustainable benchmark, and to
lower the computational difficulties for the participants, as opposed to prior studies that used
stochastic regrowth rates to model environmental uncertainties”. Note that this might make
sustainable choices also in the condition without ecolabel more salient, which might have
reduced our effects. If no trees remained, the forest would be depleted permanently, and no

profit was generated for that round and the game ended.
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The decision repeated for up to ten rounds, or until the forest was depleted. We chose a finitely
repeated design deliberately, because the resulting end-game behavior is diagnostic of players'
motives, which is central to our research question. In our game, leaving trees in the final rounds
reveals an intention to donate real trees, since no strategic reason for future extraction remains.
In an indefinitely repeated game, trees left in any given round could instead reflect preservation
for later profit, so donative and strategic motives could not be separated. A known final round
also keeps the sustainable benchmark clearly computable for participants, whereas
probabilistic continuation would confound continuation beliefs with treatment effects and add
complexity to an already dynamic task. A finitely repeated common-pool resource game
normally has a unique non-cooperative equilibrium, while cooperation can be sustained under
indefinite repetition. We parametrized our game to admit multiple equilibria, both cooperative
and non-cooperative, so that its predictions are qualitatively similar to those of an indefinitely

repeated game while preserving the inferential leverage that a known final round provides.

At the end of the experiment, profits accumulated across rounds were paid to the subjects. All
trees remaining after 10 rounds were aggregated across groups and we planted a total of 209
trees (through onetreeplanted.org) for the main experiment and the pilot. Every 10 in-game

trees corresponded to one real tree, which costs approximately €1.

Ecolabel treatments

The game was implemented under three between-subjects ecolabel conditions: NoEco,
Symbolic, and Monetary. In NoEco, participants could not obtain ecolabels but were clearly
instructed that a withdrawal of 10 trees or less is considered sustainable (see instructions and
all other materials on OSF). In the Symbolic and Monetary conditions, participants received an
ecolabel if they withdrew 10 or fewer trees per round. Withdrawing more than 10 trees
permanently removed the ecolabel. The Symbolic ecolabel did not affect profits per tree. In
contrast, while maintaining the Monetary ecolabel, profits increased by 25%. This 25%-
increase was based on existing ecolabels thresholds*® and pilot participants’ support for this
multiplier as reasonable. The participant’s own ecolabel status and the number of producers

holding ecolabels in the group were shown on the decision screen.

Experimental Procedure
Each experimental session consisted of three parts. In Part 1, each participant played up to ten

rounds of the “Social Forest Game” with three other human participants. In Part 2, participants
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played up to ten rounds of the same game, this time with three computerized players. In Part 3,
participants answered a questionnaire including Likert-scale measures of environmental
attitudes and demographics (OSF). More specifically, for our analyses we used the following
statement which was rated on a 5-point Likert scale (from “not important” to “very important”):
“I find the environment...”. All other questionnaires can be found on the OSF. Note that we
additionally recorded eye movements for 100 subjects (Tobii EyeX, see Supplementary Results
10).

Computerized Players

The computerized players in Part 2 replicated strategies commonly used by human subjects in
our pilot study (N=36). Specifically, each group contained one sustainable computer player
(withdrawing 5 to 10 trees per round), one selfish computer player (withdrawing 11 to 20 trees
per round), and one conditional sustainable computer player who adapted withdrawals based
on the human participant’s withdrawal choice in the previous round (withdrawing 5 to 20 trees
per round). In the pilot, 39% were classified as selfish types (starting by withdrawing more
than 10 trees and continuing to do so for additional rounds), 30.5% behaved sustainably (never
withdrawing more than 10 trees), and the remaining 30.5% were conditional cooperators
(withdrawing between 5-20 trees depending on others’ behavior during a given round).
Participants were told that the computerized players’ strategies were modeled after real human
behavior observed in an earlier experiment (including the month of that earlier experiment).
This design preserved participants’ expectations about others’ behavior in their group while
removing the direct influence of human peers™.

Data availability

All data and code used for the analyses are available on the project’s OSF page.
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Supplementary Results

1. Forest longevity and consistency across rounds

1.1 Restricted Mean Survival Time (RMST) Analysis

To quantify the protective effect of ecolabels on forest survival, we introduce a Protection
Factor (PFso) - an analogue of the LDso concept in toxicology - defined as the ratio of median
survival times, PFso = Tsowith ecolabel) / T50(without ecolabe). Median survival times (Tso) were
estimated at the group level for the human rounds from Kaplan—Meier curves that account for
right-censoring. Median survival was 7 rounds for NoEco, whereas in both ecolabel conditions
it was approximately 10 rounds, as fewer than half of the forests were lost before the end of
the 10-round game (Ts0>10). These results imply a PFs0>1.43 for each ecolabel, reflecting a

43% increase in forest survival length.

Given that medians in the ecolabel conditions were not reliably reached, the restricted mean
survival time (RMST) ratio provides a more informative and stable measure. It serves as a
continuous analogue to PFso, capturing proportional changes in overall survival rather than
only at the 50% threshold. Specifically, RMST is a non-parametric time-to-event measure that
estimates the average survival time within a fixed observation window (here, T = 10 rounds)
by integrating the Kaplan—Meier survival curve'>. RMST thus provides a robust, censoring-

adjusted estimate of how interventions shift the entire survival distribution.

RMST analyses showed that forests in the NoEco condition survived on average 7.5 rounds
(95%-CI[6.3, 8.6]) out of 10. The Monetary ecolabel extended average survival to 8.9 rounds
(difference=1.45, RMST-ratio=1.20, p=0.05), and the Symbolic label to 9.2 rounds
(difference=1.70, RMST-ratio=1.23, p=0.018). Pooling both ecolabel conditions yielded a
mean survival of 9.0 rounds, 1.6 rounds longer than NoEco (RMST-ratio=1.21, p=0.014).

Jointly, these results reflect an overall protection factor of PFso > 1.2.
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Table S1. MWU tests for the effect of ecolabel on Trees left by

round
NoEco vs Symbolic NoEco vs Monetary
ROlll’ld Zyuncorrected Puncorrected Pcorrected Zyuncorrected Puncorrected Pcorrected
1 -2.065 0.039 0.065 -3.069 <0.01 0.011
2 -2.682 <0.01 0.057 -3.165 <0.01 0.011
3 -2.301 0.021 0.057 -2.665 <0.01 0.011
4 -2.210 0.027 0.057 -2.591 <0.01 0.012
5 -1.791 0.073 0.090 -2.676 <0.01 0.011
6 -2.001 0.045 0.065 -2.787 <0.01 0.011
7 -2.189 0.029 0.057 -2.917 <0.01 0.011
8 -2.368 0.018 0.057 -2.690 <0.01 0.011
9 —1.746 0.081 0.090 -1.984 0.047 0.053

Table S1. Pairwise Mann—Whitney U tests comparing the no ecolabel condition (NoEco) with Symbolic and
Monetary ecolabel conditions on Trees Left at the end of each round (comparison at group level: NoEco: N=20, Symbolic:
N=20, Monetary: N=21). The Benjamini-Hochberg correction was applied separately for the columns with corrected p-values

(NoEco vs Symbolic; NoEco vs Monetary). Round 10 was excluded due to end game effects and non-significance.

1.2 Consistency across rounds

Figures S1 and S2 show the consistency of the treatment effects across the whole game (Fig. 3
in main text), now including the comparisons between the two ecolabels. For each outcome
and the three pairwise condition contrasts, we ran a Mann-Whitney U test in every round and
display the resulting grid of tests, separately for the human and computer rounds. Figure S1

reports uncorrected p-values and Figure S2 the Benjamini-Hochberg-corrected equivalents.

The pattern seems rather consistent throughout than driven by particular rounds: both ecolabels
differ from NoEco on most outcomes across most of the game. The third block comparing the
two ecolabels with each other, reveals mostly insignificant effect throughout both panels,
indicating that the two ecolabel conditions rarely differ from each other in any round on any
outcome. One difference is the money earned which stems from the monetary ecolabels

Increasing earnings per tree, i.e. 25%-increase while ecolabel is maintained.
9
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Fig. S2 Consistency of ecolabel effects across rounds (uncorrected), full Figure 3. Each cell reports a pairwise

Mann—Whitney U test comparing two conditions on one outcome in one round. Rows are the six outcomes (trees withdrawn,
reverse-coded so that blue always indicates the more sustainable outcome; cumulative rounds sustainable; trees left; % forests
alive; cumulative rounds alive; cumulative money earned); columns are rounds 1-10. Panel A shows the human rounds, Panel
B the computer rounds. The three blocks give the three pairwise contrasts: NoEco vs Symbolic, NoEco vs Monetary, and
Symbolic vs Monetary. Color indicates the direction and strength of the effect, with blue favoring the second-named condition
(for the third block, blue = Monetary) and orange the first; grey cells indicate no variance in the outcome, so no test could be
run. Tests on group-level outcomes use one observation per group (NoEco N = 20, Symbolic N = 20, Monetary N = 21). p-

values are uncorrected.
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Fig. S3 Adaptation of Figure S1 with p-values adjusted with the Benjamini-Hochberg correction applied

within each “strip”, i.e. across rounds within a given outcome and contrast. The correction family is the number of tests run in
y

that strip, so strips containing no-variance cells are corrected over fewer than ten comparisons (in % forests alive over 8, in

cumulative rounds alive over 7).
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2. Effect of ecolabels on the number of trees withdrawn

For all of the regression analyses, we account for non-independence of repeated observations
by estimating robust standard errors clustered at the individual level (for analyses involving
repeated measures across rounds) or at the group level (for analyses aggregated by group),

which is explained in the respective table descriptions.

Table S2. Consistent Effects of Ecolabels across different round inclusions

Predictor Round =1 Round <3 Round <7 Round <10
Symbolic EcoLabel -1.988%** -1.425% -0.903* -0.544+
(vs. NoEco) (0.772) (0.574) (0.382) (0.281)
Monetary EcoLabel -2.605%** -1.607** -1.060** -0.430
(vs. NoEco) (0.741) (0.548) (0.384) (0.302)
Constant 12.713%** 12.492 %% 12.02]%** 11.945%**

(0.668) (0.404) (0.279) (0.234)
F 6.07** 4.84%* 4.20% 1.87
R? 0.072 0.03 0.013 0.003
N (Subjects) 244 (244) 732 (244) 1584 (244) 2076 (244)

Table S2. OLS Regression Results for Trees Withdrawn across rounds. Each column reports a separate
regression estimating the effect of ecolabels for a different subset of rounds (1, 1-3, 1-7, 1-10). The dependent variable is
number of trees withdrawn. Each separate OLS regression with two-way clustered robust standard errors by subject and group.

F-statistics test the joint significance of Ecolabel predictors. T p <.10,* p <.05,** p <.01,*** p <.001.
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3. Ecolabels exert similar effects on behavior across game versions
To test whether the effects of ecolabels differ between the human and computer-versions of the
game, we estimated linear regression models including interaction terms between ecolabels and
game version for each dependent variable. As shown in Table S3, none of the interaction terms
are statistically significant (all p > 0.1), indicating overall similar results across the two game
type conditions.

Table S3: Effects of ecolabels across game versions: OLS regressions with ecolabel by
game version interactions

Predictor % Depleted Round 1 Rounds Avg. Trees  Total Trees Rﬁ:fas
Forests Withdrawn  Sustainable Left Withdrawn Alive
Tntercept 0.65%** 12.71%%* 3. 71%%* 6.20%** 80.05%** 7.45%%*
(0.05) (0.45) (0.36) (1.81) (3.12) (0.27)
Symbolic -0.10 —1.99%* 3.09%** 4957 17.05%%* 1.70%**
Ecolabel (0.08) (0.64) (0.51) (2.55) (4.41) (0.38)
Monetary -0.13+ —2.61%** 3.16%** 5.75% 14.62%%* 1.45%%*
Ecolabel (0.08) (0.63) (0.51) (2.52) (4.35) (0.38)
Computer 0.16* 1.29* 0.19 -0.95 —20.11%** —1.13%*
Rounds (0.08) (0.64) (0.51) (2.55) (4.41) (0.38)
Symbolic x -0.16 -0.75 -0.50 —1.43 0.13 -0.13
Computer (0.11) (0.97) (0.73) (3.61) (6.23) (0.53)
Monetary x -0.09 —0.85 -0.49 —4.10 5.74 0.33
Computer (0.11) (0.90) (0.72) (3.57) (6.16) (0.53)
F 4.01%* 11.05%%* 17.07%%* 2.34* 18.81%%** 15.01%%*
R? 0.04 0.10 0.15 0.02 0.16 0.13
N(Subjects) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244)

Table S3. OLS regression estimates including interaction term for key outcome measures. Coefficients are
unstandardized OLS estimates. Standard errors are in parentheses and clustered by subject. “Symbolic” and “Monetary”
Ecolabel are dummy variables (No Ecolabel = baseline). “Computer Rounds” = 1 for computerized game version. Interaction

terms test for treatment heterogeneity. T p <.10,* p <.05,** p <.01,*** p <.001.

Despite only marginal differences in first round withdrawal, the individual groups in round 1
in the computer version (including the 3 computerized participants) withdrew on average
significantly more trees than groups (4 human participants) in the human rounds
(m_comp=51.91, SD=4.33, m_human=44.66, SD=9.73, t(243)=-13.27, p<0.01). This explains

part of the level differences found between the game versions.
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4. Main results from human rounds (Fig. 2) replicate in computer rounds

Group-level measures

Share Forests Alive by Round and Ecolabel Computer B Trees Left by Round and Ecolabel Computer
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Fig. S3. Analyses of Computer Rounds following the approach reported for Fig. 2 in the main text. Top panels:
Group-level measures. (A) Share of forests alive averaged across groups per round and ecolabel condition in computer rounds.
(B) Number of trees left averaged across groups per round and ecolabel condition in computer rounds. Bottom panels:
Individual-level measures. (C) Average trees withdrawn in computer round 1. (D) Average number of trees withdrawn per
round and ecolabel condition in computer rounds. A, B and D use Cousineau-Morey within-subjects confidence intervals,

shaded areas indicate 90% confidence intervals.
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5. Benchmark adherence and sustainability standard across the game

A Human Rounds B Computer Rounds
Share of Players Sustainable by Round and Ecolabel Share of Players Sustainable by Round and Ecolabel Computer
.
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Fig. S4. Sustainable behavior in human and computer versions. A,B: Share of players behaving sustainably
(withdrawing 10 trees or fewer) conditional on forest survival by round and ecolabel condition. (A) Human version. (B)
Computer version. C,D: Share of players withdrawing exactly 10 Trees conditional on forest survival by round and ecolabel
condition. (C) Human version. (D) Computer version. All graphs are for remaining players, i.e. players whose forest is depleted

are excluded. All figures show Cousineau-Morey within-subjects 90% confidence intervals.
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6. Coordinating effect of ecolabels and predictive power of early behavior

replicate in computer rounds

6.1 Initial coordination in computer rounds

The coordinating effect of ecolabels observed in human rounds replicates in computer rounds.
In the computer rounds, compared to the NoEco condition, participants in both ecolabel
treatments withdraw significantly fewer trees in the first round (Fig. S3C), and a higher share
of them adhere to the sustainable behavior of withdrawing 10 or fewer trees (Supplementary
Results 5, Fig. S4) or exactly 10 trees (Fig. S4D, NoEco=33.75%, Symbolic=77.5% and
Monetary=80.95%; Kruskal-Wallis Test: ¥2(2)ties=48.57, p<0.001; MWUSymbolic vs Monetary
p>0.3, MWUnoEco vs Symbotic P<0.001, MWUnoEco vs Monetary p<0.001). The variances in the
number of trees withdrawn in the first round are also significantly smaller in the two ecolabel
treatments than in the NoEco condition (variance ratio test: Symbolic vs. NoEco:

F(79,79)=1.79, ptwo-sidea=0.01; Monetary vs. NoEco: F(79,83)=2.96, ptwo-sidea<0.001).

6.2 Early withdrawal behavior predicts long-term outcomes

We test now whether round 1 behavior predicts behavior in later rounds, which is reflective of
the effect of coordination to maintain similar behaviors across groups. Table S4 shows the
regression results of game outcomes simply based on Round 1 behavior for both human and
the computer version, while the main text refers to Table S5. In the human version, every
additional tree withdrawn in Round 1 corresponds to surviving 0.17 rounds fewer (simple
regression, R2=0.10, t=-3.90; Table S4 column (1)). This translates to an increase in the odds
of forest depletion by 12% for every additional tree withdrawn in Round 1 (logistic regression,
OR=1.12 R?=0.036, z=2.70; Table S4 column (2)). Participants that behave sustainably by
cutting down 10 or fewer trees survive on average 8.86 rounds. These results replicate well in
computer rounds: every additional tree withdrawn correlates with surviving 0.39 rounds fewer
(OLS regression R?=0.38, t=-12.51; Table S4 column (3)). This in turn translates to an increase
in the odds of depletion by 53.2% for every additional tree withdrawn in Round 1 (logistic
regression, OR = 1.532, R?=0.196, z=4.56; Table S4 column (4)). Participants cutting down

10 trees survive on average 8.55 rounds in the computer rounds.
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Table S4. Predictive Regression: Rounds Alive and Forest Depletion at end of the
game on Round 1 withdrawal

Human Computer
(1) 2) 3) 4
OLS Rounds Log Forest OLS Rounds Log Forest
Alive Depletes Alive Depletes
b/se OR/se b/se OR/se
Round 1 0,175 112%% 0.39% 1.53%
withdrawal
(0.04) (0.04) (0.03) (0.14)
Constant 10.39%** 0.37%* 12.08%** 0.02%**
(0.39) (0.15) (0.39) (.02)
R? 0.1 0.04 0.38 0.20
Observations 244 244 244 244

Table S4. Predictive Regressions of number of rounds alive and likelihood of forest depletion on number of

trees withdrawn in round 1. Coefficients are presented with standard errors in parentheses. OLS regressions estimate the

number of rounds survived; logistic regressions estimate the odds of depletion, reported are odds ratios. These regressions

correspond to any level of trees whereas in the main text we report the values for results above 10 trees withdrawn. Standard

errors are clustered at the group level for human rounds. T p <.10,* p <.05,** p <.01,*** p <.001.

Table S5. Predictive Regression: Rounds Alive and Forest Depletion at end of the

game on whether Round 1 withdrawal was above 10

Human Computer
(1) 2) 3) 4
OLS Rounds Log Forest OLS Rounds Log Forest
Alive Depletes Alive Depletes
b/se OR/se b/se OR/se
VRV‘i’t‘flr(‘l‘rialwal -0.196%** 111 20,447 1.61%*
above 10 (0.04) (0.006) (0.04) (0.20)
Constant 10.8%** 0.4+ 12.78%** 0.01***
(0.47) (0.20) (0.46) (0.01)
R? 0.10 0.02 0.38 0.17
Observations 244 244 244 244

Table SS. Predictive Regressions of number of rounds alive and likelihood of forest depletion on number of

trees withdrawn above 10 in round 1. Coefficients are presented with standard errors in parentheses. OLS regressions

estimate the number of rounds survived; logistic regressions estimate the odds of depletion, reported are odds ratios. These

regressions correspond to level of trees withdrawn above 10 trees withdrawn i.e. 10 trees as baseline, with everyone

withdrawing up to and including 10 trees coded as baseline. Standard errors are clustered at the group level for human rounds.
Tp<.10,* p<.05** p <.01,¥** p<.001.
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Table S6. Predictive Regression: Rounds Alive and Forest Depletion at end of the
game on the number of sustainable group members in Round 1

Human
(1) 2)
OLS Rounds Alive Log Forest Depletes
b/se OR/se
Number of sustainable group 1.06%** 0.527
members in Round 1 (0.28) (0.20)
Constant 5.18%** 11.25F
(1.04) (14.99)
R? 0.24 0.06
Observations 244 244
Clusters/Groups 61 61

Table S6. Predictive Regressions of number of rounds alive and likelihood of forest depletion on number of
sustainable group members in round 1. Coefficients are presented with standard errors in parentheses. OLS regressions

estimate the number of rounds survived; logistic regressions estimate the odds of depletion, reported are odd ratios. Standard
errors are clustered at the group level. T p <.10,* p <.05,** p <.01,*** p <.001.
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7. Conditionality

7.1. Conditionality on number of sustainable group members

Table S7 shows the estimates of round-specific logistic regressions predicting whether
participants behave sustainably, based on the number of group members who behaved
sustainably in the previous round. The model includes a lagged peer behavior term and the
analysis in the table is conducted for each round separately. Round 1 is excluded as there cannot
be any lagged information. Sustainable behavior is a binary outcome (with 1 indicating 10 or
fewer trees withdrawn). Peer sustainability refers to the number of other group members (0-3)
who were sustainable in the previous round. We additionally estimated a mixed-effects logistic
regression pooling all rounds (Rounds 2—10), with random intercepts for participants to account
for repeated decisions and robust standard errors clustered at the individual level and an
additional time trend as predictor (Round). Results indicate that each additional sustainable
group member in the previous round increases the log-odds of behaving sustainably in the
current round by 0.31 (SE=0.12,z=2.61, p =.009), corresponding to a 37% increase in odds
(OR = 1.37, 95%-CI[1.08, 1.73]).

Table S7 Dependent Variable: Sustainable behavior in current round

Round Odds Ratio Std. Err. Zyncorrected _Puncorrected Pcorrected N
1 - - - - - -
2 1.720 0.293 3.18 0.001 0.005 244
3 1.678 0.278 3.13 0.002 0.005 244
4 1.693 0.265 3.37 0.001 0.005 240
5 1.581 0.293 2.47 0.014 0.025 212
6 1.259 0.234 1.24 0.216 0.278 204
7 0.982 0.185 -0.10 0.924 0.963 196
8 1.009 0.195 0.05 0.963 0.963 180
9 0.782 0.138 -1.40 0.162 0.243 176
10 0.568 0.130 -2.47 0.014 0.025 136

Table S7. Effect of lagged sustainable peer behavior on individual sustainability across rounds.
Logistic regression estimating the effect of the number of sustainable peers in the previous round on the likelihood of
sustainable behavior by the individual in each round of the game. Reported are the odds ratios, standard errors, z-values,
uncorrected and Benjamini—-Hochberg—corrected p-values. Round 1 is omitted as there is no lagged peer behavior. Sample size

(N) indicates the number of individuals included in each round. Significant Odds Ratios are bold.

Table S8 shows the estimates of round-specific logistic regressions predicting whether
participants who have behaved sustainably in all previous rounds are more likely to continue

doing so when more group members also behave sustainably. The analysis is conducted
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separately for each round (Rounds 2-10); Round 1 is excluded as it lacks lag information.

Sustainable behavior is a binary outcome (where 1 means that 10 or fewer trees withdrawn).

To assess the overall effect across the game, we additionally estimated a pooled logistic
regression including all rounds (Rounds 2—-10) with robust standard errors clustered at the
individual level and a time-trend predictor (Round). A mixed-effects specification was not used
here because the model failed to converge (non-concave likelihood surface), likely due to the
reduced within-subject variance. The simpler clustered logit thus provides a stable and
conservative estimate of the pooled relationship. Results show that each additional sustainable
group member in the previous round increases the log-odds of continuing sustainable behavior
by 0.67 (SE =0.12, z= 5.84, p <.001), corresponding to a 96% increase in odds (OR = 1.96,
95%-CI[1.54, 2.47]). The negative coefficient for Round (b = —0.09, p = .001) indicates that
even consistently sustainable players are somewhat less likely to maintain sustainable behavior

as the game progresses.

Table S8 Dependent Variable: Continue sustainable behavior in current round

Round Odds Ratio Std. Err. Zyncorrected _Puncorrected Pcorrected N
1 - - - - -
2 2.262 0.417 4.42 0.000 0.000 244
3 2.184 0.345 4.94 0.000 0.000 244
4 2.635 0.437 5.84 0.000 0.000 240
5 2.415 0.394 5.40 0.000 0.000 212
6 1.931 0.295 4.31 0.000 0.000 204
7 1.778 0.280 3.65 0.000 0.000 196
8 1.801 0.294 3.60 0.000 0.000 180
9 1.517 0.235 2.69 0.007 0.008 176

10 1.125 0.205 0.65 0.517 0.517 136

Table S8. Effect of continued sustainable peer behavior on individual’s continuation of sustainable behavior
across rounds. Logistic regression estimating the effect of an additional group members sustainable behavior in all the
previous rounds on the likelihood of continued sustainable behavior in the current round. Reported are the odds ratios, standard
errors, z-values, uncorrected and Benjamini-Hochberg—corrected p-values. Round 1 is omitted due to missing lagged peer

behavior. Sample size (N) indicates the number of individuals included in each round. Significant Odds Ratios are bold.

Fig. S5 illustrates how sustainable behavior at the beginning of the game depends on both peer
behavior and the forest’s ecological state. Panel A shows that the share of sustainable players
in Round 2 increases with the number of sustainable group members in Round 1, indicating

positive conditional cooperation from the beginning of the game. Panel B (also Figure 4C in
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main text) separates this relationship by players’ initial behavior and reveals the heterogeneity
underlying aggregate dynamics: participants who behaved sustainably in Round 1 become
substantially more likely to maintain sustainable behavior when surrounded by other
sustainable peers, whereas initially unsustainable players tend to remain unsustainable
regardless of group composition or rather become even more unsustainable. Fig. S5C shows
that sustainability in Round 2 also depends on the forest size, players in groups with more trees
left after Round 1 (i.e., healthier forests) are more likely to behave sustainably. Together these

results provide additional evidence for the condition cooperation discussed in the main text.
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Fig. S5. Conditional sustainability by group behavior and forest state. (A) Share of sustainable players in
Round 2 conditional on the number of sustainable group members in Round 1 (aggregated across all conditions). (B) Same
relation as in (A), separated for players who were initially sustainable vs. initially unsustainable in Round 1. (C) Fitted
probability of sustainability conditional on the number of trees left in Round 1, again separated for players who were

initially sustainable vs. initially unsustainable. Shaded areas indicate 90% confidence intervals.
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8. Types and conditionality
8.1. General Conditionality and distributions of Types

In this section, we classify players into behavioral types and inspect how the distribution of
such types relates to outcomes in the game. Following previous research®* and our
preregistration, we consider three types: Unconditional Cooperators (UC) are players who
maintain sustainable behavior (withdraw <10 trees) throughout the entire experiment’.
Unconditional Defectors (UD) are those withdrawing more than 10 trees in each round. The
remaining players, that vary their behavior across the game are classified as Conditional

Cooperators (CC).

Across all conditions, 24.18% of players are classified as UC, 6.56% as UD, and 69.26% as
CC. The distribution of types in each treatment is shown in Fig. S6. The distribution differs
across conditions. In the NoEco condition, fewer players are classified as UC (mnorco=11.25%
VS M Symbolic=37.5% & Mmonetary=23.8%; ¥*(2) = 15.04, p = 0.001) and more as UD (¥*(2) =
10.13, p=0.006), compared to the ecolabel conditions. The share of conditional cooperators

differs marginally across conditions (75.0% / 60.0% / 72.6%; ¥*(2) = 4.91, p = .086).
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Fig. S6. Distribution of behavioral types observed in the game by ecolabel condition. Each bar
represents all players in one condition. The bars are divided into the shares of Unconditional Cooperators

(UC), Conditional Cooperators (CC) and Unconditional Defectors (UD).
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Within and across groups, the distribution of types relates to forest survival and other outcome
measures. Regressing group compositions on outcomes, shows that groups with at least one
UD type player survive an average of 2.9 rounds fewer (mean rounds alive= 6.29, t=4.16,
p<0.01) compared to groups without. On the other hand, groups with at least one UC type
player survive longer by 1.72 rounds (mean rounds alive= 9.128, t=2.63, p<0.01) than groups

without.

Table S9: Mean number of rounds alive per group composition (types) and ecolabel

condition

Mean Rounds Alive ~ Number No Eco Symbolic Monetary Average Average
(Std. Error) in 3) 4) (5) (6) when >=1
N Group in group
Unconditional 0 7(91) 802) 7.75 (1.01) | 7.41 (.62)
Cooperators (UC) 44 12 32 88
8(71) 9 (0.63) 9.57 (.20) 8.77 (:36)
36 24 28 88 9.128
2 - 9.78 (0.15) |9.6(.) 9.71 (.16) (0.23)
36 20 56
3 - 8.5(1.5) 10 (- 9(1)
8 4 12
Conditional 0 - 7(0) - 7()
Cooperators (CC) 4 4
4(-) 9.5(.5) 10 (- 8.25 (1.436)
4 8 4 16
2 6.75 (1.25) | 9.88 (.13) 9.5(.34) 9.06 (41) 8.533
16 32 24 72 (0.29)
3 7.67 (0.88) | 9(.63) 8.25 (.94) 8.22 (49)
36 24 32 92
4 8.167 (1.17) | 8 (2) 9(.82) 8.47 (.65)
24 12 24 60
Unconditional 0 8.545 (.67) | 9.278 (139) | 9.44 (.29) 9.17 (:24)
Defectors (UD) 44 72 72 188
6.7 (1.02) 8(1) 5.67 (1.67) | 6.67 (.72) 6.285
28 8 12 48 (0.67)
2 4() : - 1()
8 8

Table S9. Mean number of rounds alive per group composition and ecolabel condition. The left-most column

shows the three behavioral types. Columns 3-6 show the number of rounds alive averaged across all groups that contain the
specified number of players of the corresponding type, by ecolabel condition. The last column shows the average conditional
on at least one player of that type (UC, CC or UD) is present in a group. Each cell contains the mean number of rounds alive
in bold, the standard error in parentheses and italic, and the number of observations, i.e. the number of participants in a group
with the corresponding group composition. For example, in the first row of the NoEco condition, 44 participants (11 groups,
each with 4 participants) are part of a group with no Unconditional Cooperators (UC), while this holds for 12 participants for
Symbolic and 32 participants in Monetary. Errors in the table are unclustered, while the regressions above use clustered errors

at group level. N indicated as individual subjects.
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A challenge in accurately identifying the players who cooperate conditionally in our
experiment is that their observed behavior may be indistinguishable from that of unconditional
cooperators or defectors: the players might constantly cooperate or defect as they conditionally
respond to others’ constant cooperation or defection. To address the potential underestimation
of conditional cooperators’ prevalence due to this issue, we reason that the lowest observed
shares of UC and UD across the three treatments are the upper bounds for the actual shares of
unconditional cooperators and defectors. Fig. S6 shows that these actual shares are quite small,
and at least 86.25% of participants are conditional cooperators. We conclude that most

participants are conditional cooperators, but ecolabels may affect their behavioral expression.

8.2. Conditionality by Label

Section 8.1 showed that the shares of unconditional cooperators and unconditional defectors
differ across conditions. Table S10 reports logistic regressions of sustainable behavior in the
current round on the number of sustainable group members in the previous round, using human
rounds 2—-10 and dropping rounds after the forest died. Across conditions, the association is
positive (Table S10 Model 1, Fig. 4, OR=1.28, 95%-CI[1.08, 1.51], p=0.004), yet this
association is not uniform and shows a significant negative effect in the NoEco condition. Table
S10 Model 2 shows that the interaction with the label conditions drives the overall positive
associations, and that only in the label conditions participants exhibit clear conditional

cooperation rather than free riding.

The contrast is clearest among participants who were already sustainable in round 1, for whom
conditional cooperation rather than free riding is the relevant response (Model 3; Figure 4C).
The slope on peer sustainability is negative under NoEco (OR=0.71, 95%-CI[0.52, 0.97],
p=0.029) and significantly more positive under both ecolabels (Symbolic, OR=1.83, 95%-
CI[1.14, 2.93], p=0.012; Monetary OR ratio = 2.11, 95%-CI[1.29, 3.47], p=0.003; joint
v*(2)=10.73, p=0.005). Restricting further to the early rounds, where labels are most often
present (Model 4, rounds 2—4), the within-condition slopes are significant in both ecolabel
conditions (Symbolic, OR=2.14, 95%-CI[1.14, 4.00], p=0.018; Monetary, OR=2.57, 95%-
CI[1.36, 4.86], p=0.004) while NoEco remains flat (OR=0.88, 95%-CI[0.56, 1.38], p=0.577;
joint ¥*(2)=9.36, p=0.009).
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Table S10. Conditional sustainability by ecolabel condition

(@) 3 “) (©)) (6)
Predictor All Sust. in R1 Sust. in R1 All All
Rounds 2-10  Rounds 2-10  Rounds 24  Rounds 2-10  Only Round 2
Sustainable group 0.779* 0.707* 0.881 0.684* 0.463*
members (t—1) (0.090) (0.113) (0.200) (0.107) (0.154)
. 2.428+ 0.981 0.733

Symbolic (vs. NoEco) (1.114) (0.508) (0.600)

0.902 0.576 0.374
Monetary (vs. NoEco) (0.431) (0.313) (0.286)
Symbolic x Sust. group 1.155 1.832%* 2.425%
members (0.243) (0.441) (0.952)
Monetary x Sust. group 1.829** 2.111%** 2.914%*
members (0.389) (0.534) (1.156)
First Round 1.656 0.944
Sustainable (0.647) (0.836)
First R. Sust. x Sust. 1.962%** 4.706%**
group members (0.366) (1.952)
Constant 1.412 2.330%* 1.877 0.944 0.857

(0.320) (0.725) (0.763) (0.298) (0.556)
e 8.11%* 10.73%* 9.36%* 87.31%** 64.71%**
N (Subjects) 1,832 (244) 1,501 (191) 570 (191) 1,832 (244) 244(244)

Table S10. Conditional Sustainability by EcoLabel Condition. Logistic regressions predicting sustainable behavior in the current round (1
=10 or fewer trees withdrawn) on the number of other group members who behaved sustainably in the previous round (0-3). Entries are odds
ratios with standard errors in parentheses, clustered by subject. Human rounds only; round 1 is excluded because it has no lag, and rounds
after the forest died are excluded. Columns (3) and (4) restrict the sample to participants who behaved sustainably in round 1. (5) and (6) show
the interaction between number of sustainable group members and initial sustainable behavior. NoEco is the reference condition. { p <.10, *

p<.05, **p<.01, *** p<.001.
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9. Correlations with Environmental Attitudes

9.1 Environmental attitude interaction and behavior

Table S11. Environmental attitude regressions with ecolabel condition interactions on
forest outcomes.

Predictor Rounds Alive Round 1 Trees Left Total Trees Withdrawn
Withdrawn
ey 2 ey 2 ey 2 ey 2
Env. Attitude 0.50%* -0.03 -0.77* -0.55 2.30%* 1.99 4.38% -0.44
(0.18) (0.25) (0.37) (0.62) (0.85) (1.28) (1.84) (2.61)
Comp. -1.05%%* -1.05%** 0.75%** 0.75%** -2.83% -2.83% -18.09***  _18.09***
Rounds (0.18) (0.18) (0.21) (0.21) (1.25) (1.26) (2.52) (2.53)
Sym (vs. 1.57%** -2.20%* 3.617 16.61***
NoEco) (0.30) (4.10) (2.08) (3.20)
Mon (vs. 1.61%** -2.95%%* 3.40 17.43%%*
NoEco) (0.33) (0.63) (2.12) (3.59)
Symbolic x 1.21%** -0.52 2.52 9.76%*
Attitude (0.39) (0.91) (2.27) (3.77)
Monetary x 0.16 0.72 -2.41 1.64
Attitude (0.45) (0.81) (2.19) (4.63)
Constant 8.51%** 7.41%** 11.16%*** 12.88*** 9.80*** 7.49%** 90.67*** 78.96%**
(0.14) (0.26) (0.26) (0.55) (1.14) (4.89) (2.13) (3.38)
F 21.11 16.84 8.25 6.96 6.52 3.69 30.83 22.31
R? 0.063 0.162 0.025 0.113 0.018 0.035 0.100 0.174
N(Subjects) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244)

Table S11. Environmental attitude regressions with ecolabel condition interactions on forest outcomes.

Separate OLS regressions predicting total trees withdrawn, rounds alive, trees withdrawn in Round 1, and trees left alive at

Round 10. Results replicate for Rounds Sustainable and for depletion probability in computer rounds. For each outcome

variable we (1) show the general association with environmental attitude and then (2) the interaction effects across ecolabels.

For (2) Environmental attitude and ecolabel condition (No Eco, Symbolic, Monetary) were included as main effects and

interactions. To increase power for interactions (see®’), the combined dataset was used that includes human and computer

rounds; a factor for game type was included in regressions. Environmental attitudes were mean centered. Robust standard

errors clustered at the participant level are shown in parentheses.t p <.10,* p <.05,** p <.01,*** p <.001.
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9.2 Environmental attitude and Rounds Alive

Tables S12 and S13 are further exploring the main results reported in Table S11. Table S12
explores the robustness of the main effect of environmental attitude. We explore associations
split by game version for (1) individual environmental attitude and (2) group average
environmental attitude. Results hold for other measures discussed above (Table S11). Table
S13 reflects this follow-up, split by ecolabel conditions, with results staying only significant in

the symbolic ecolabel condition.

Table S12a Number of rounds alive on environmental attitudes

(1) (2) (3)
OLS Human OLS Human OLS Computer
Rounds Alive Rounds Alive Rounds Alive
b/se b/se b/se
Individual Environmental 0.44* 0.55%
Attitude (0.21) (0.24)
Group avg. environmental 1.76*
Attitude (0.84)
Constant 8.51%** 8.51%** 7.46%**
(0.28) (0.27) (0.17)
R? 0.02 0.08 0.02
Observations 244 244 244

Table S12. Regressions of number of rounds alive on environmental attitudes. Coefficients are presented with
standard errors in parentheses. OLS regressions estimate the number of rounds alive. (1) number of rounds alive in human
rounds on individual environmental attitudes. (2) number of rounds alive in human rounds on group average environmental
attitudes. (3) number of rounds alive on individual environmental attitudes in computer rounds. For (1) & (2) errors are

clustered at the group level. All environmental attitudes are mean centered. T p <.10,* p <.05,** p <.01,*** p <.001.

Table S12b Number of Trees Left Alive after Round 10 on environmental

attitudes
(1) (2) (3)
OLS Human Trees  OLS Human OLS Computer
Left Alive Trees Left Alive Trees Left Alive
b/se b/se b/se
Individual Environmental 2.37* 223+
Attitude (1.16) (1.25)
Group avg. environmental 9.40*
Attitude (4.65)
Constant 7.46 9.80%** 6.98%**
(0.17) (2.29) (0.91)
R? 0.01 0.04 0.01
Observations 244 244 244
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Table S12. Regressions of number of Trees Left Alive after Round 10 on environmental attitudes. Coefficients
are presented with standard errors in parentheses. OLS regressions estimate the number of trees left alive. (1) number of trees
left alive in human rounds on individual environmental attitudes. (2) number of trees left alive in human rounds on group
average environmental attitudes. (3) number of trees left alive on individual environmental attitudes in computer rounds. For
(1) & (2) errors are clustered at the group level. All environmental attitudes are mean centered. T p <.10,* p <.05,** p <
.01,%** p < .001.
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Table S13 Number of rounds alive on environmental attitudes by Ecolabel

(]ZEoCr(l)(liailE(e)il (Individual ittitudgs on SE p-value N
Human Rounds Alive)
No Ecolabel 0.07 0.29 0.804 80
Symbolic 0.90 0.40 0.037 80
Monetary 0.07 0.31 0.832 84
Ecolg‘pel (Group Attitu?ies on Human SE p-value N
Condition .
Rounds Alive)
No Ecolabel 0.36 1.42 0.803 80
Symbolic 3.99 1.20 <0.01 80
Monetary 0.25 1.20 0.838 84
(]?grfcli?gzil (Individual [?Axttitudes'on SE p-value N
Computer Rounds Alive)
No Ecolabel -0.13 037 0.73 80
Symbolic 1.47 0.43 <0.01 80
Monetary 0.19 0.42 0.66 84

Table S13. Regression predicting number of rounds the forest remained alive (out of 10). First block, based

on individual environmental attitudes in human rounds; second block, based group-average environmental attitudes in human

rounds; third block, based on individual environmental attitudes in computer rounds. Results are presented separately by

ecolabel condition. Only the Symbolic ecolabel condition shows a significant positive association. Standard errors are clustered

at the group level for the first two panels (human rounds).
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10.Eye-Tracking results
To examine how ecolabels influence attention, information processing, and environmental
decisions, we use eye-tracking for 100 participants while they made decisions throughout the
experiment. We recorded eye gaze using Tobii EyeX eye-trackers (60 Hz frequency, with
1920x1080 pixel resolution 22” monitors and chinrests at 58 cm distance, see®for equivalent
methods). This additional dataset enables us to investigate whether the different ecolabel
conditions shift the attentional focus and/or information search patterns during the decision
stage of our experiment (see Figure S8). Particularly, we were interested whether participants
acquired information differentially in the Symbolic compared to Monetary ecolabel conditions,
as these could be indicative of the underlying motivational forces that drive behavior decisions

in each ecolabel condition.

A Share time on Points first 3 rounds B Share time on Own Points first 3 rounds

< 4

3
!
3

!

2
!

Share of gaze time
2

Share of gaze time

C Share time on Own Points last 3 rounds D Share time on Points last 3 rounds

3
!
3
!

Share of gaze time

2
Share of gaze time

2
!

B NoEco [ Symbolic [ Monetary

Fig. S7. Eye-tracking results for the allocation of attention by ecolabel condition as share of time focused on
Points Earned. Panels A—B show the share of gaze time in the first 3 rounds directed to (A) Groups Total Points Earned (B)
Own Total Points Earned. Panels C—D show the share of gaze time in the last 3 rounds for each group (i.e. the last 3 rounds
before they depleted the forest) directed to (C) Groups Total Points Earned (D) Own Total Points Earned; in the eye-tracked
sample (N=100; Tobii EyeX, 60 Hz). Bars reflect means across 3 rounds within the first three rounds, or the final 3 rounds

before forest depletion (group-dependent) of the human rounds; error bars indicate 90% Cls.

Figure S7 shows results from the analyses of eye-tracking data, which includes all groups, i.e.
before any of the groups deplete the forest (first 3 rounds) and the last 3 rounds for each group.

We find that participants in the Monetary condition allocated a larger share of their attention
61



to payoffs compared to the Symbolic condition (points earned: Bround1-3=0.110, pround1-3=0.005;
Brast3Rounds=0.114, pLast3Rounds=0.007), especially to own earnings (own points: Bround1-3=0.070,
PRound1-3=0.015;  BrLast3Rounds=0.065, PLaszRounds=0.113). Differences between NoEco and
Symbolic were small and not statistically significant (see Table S14). We regressed the share
of fixation time on each ROI on ecolabel condition using OLS with standard errors clustered

by participant. Results are robust to mixed-effects models with participant random intercepts.

Table S14. Comparison of OLS regressions for fixation-time outcomes first 3 rounds
and last 3 rounds for each group.

Predictor Share Time on Points Share Time on Own Points
First 3 Rounds Last 3 Rounds First 3 Rounds Last 3 Rounds
No-Ecolabel -0.052 0.005 -0.044* 0.004
(0.033) (0.033) (0.022) (0.033)
Monetary 0.110** 0.114%* 0.070* 0.065
(0.038) (0.041) (0.028) (0.041)
Computer -0.110%** -0.069** -0.060%*** -0.026
Rounds (0.019) (0.022) (0.017) (0.019)
Constant 0.280%** 0.187%** 0.173%*%* 0.134%**
(0.028) (0.026) (0.018) (0.027)
R? 0.099 0.052 0.076 0.021
N (Clusters) 594 (99) 594 (99) 534 (99) 517 (99)

Table S14. Comparison of OLS regressions for fixation-time on points / profit ROISs first 3 rounds and last 3
rounds for each group. OLS predicting the share of fixation time spent on different regions of interest (ROIs) by ecolabel
condition. Symbolic ecolabel is the baseline. As preregistered, one participant was excluded due to insufficient data quality.

Standard errors clustered by participant (N = 99). ¥ p <.10, * p <.05, ** p < .01, *** p <.001.

Fig. S8 shows a replica of the participant decision screen. Information order was varied to
create four different treatments in which information was positioned: Information about the
personal or group account was presented on the left or right side of the screen. Information
about the environmental impact (trees withdrawn) or Monetary payoff (points earned) was
presented at the top or bottom. This manipulation allowed us to test whether making
information more salient through screen positioning (left vs. right, top vs. bottom) affected

decisions and controlled for natural order effects.
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Round 2
You Group (You + 3 others)
10 Withdrawn Trees 50
12.5 Points 57.5
yes Ecolabel 3
Trees left in Forest 90
How many trees do you want to withdraw
You can withdraw between 0 and 20 trees

Fig. S8. Illustration of Decision Screen and Eye-tracking results. The participant decision screen, illustrating the
type of information that participants could acquire before making a decision. Note that the location of the personal or group
earnings, environmental impact, and payouts were varied across four conditions to counterbalance acquisition order (which

typically starts in the top left) and potential saliency effects. Further, the NoEco did not include the Ecolabel row.

63



11. Location check
To assess whether pooling participants across locations affected the treatment effects, we tested
condition-by-site interactions for the main dependent variables first-round withdrawals and
forest survival separately for the human and computerized rounds. We found no evidence that
the effect of ecolabel condition differed between sites for the human rounds for first round
withdrawal, (F(2,243)=0.08, p=0.924), or the computerized rounds, (F(2,238)=0.08, p=0.924).
Similarly, condition-by-site interactions were not significant for the number of rounds alive in
either the human rounds, (F(2,55)=0.94, p=0.396), or the computerized rounds,
(F(2,238)=0.73, p=0.485). The descriptive treatment patterns were also similar across sites,
with one exception in rounds alive, providing no clear evidence that pooling across locations

altered the estimated effects of the ecolabel treatments.

Table S15. Location interaction

Trees Withdrawn

Predictor Rounds Alive Trees Left Total Trees Withdrawn
Round 1
6)) (2 6)) () 1 (2) 1 ()

Site 0.379 -0.385 -0.701 -0.802 1.670 -0.245 3.372 -3.010
(Konstanz) (0.262) (0.456) (0.493) (0.988) (1.623) (2.733) (2.702) (4.939)
Comp. Rounds -1.053%** -1.053%** 0.750%%%* 0.750%* -2.828% -2.828%* -18.094%** -18.094%**

(0.181) (0.182) (0.206) (0.206) (1.254) (1.260) (2.515) (2.525)
Sym (vs. 1.177** -2.521%%* 4.583 12.740%**
NoEco) (0.427) (0.943) (2.895) (4.509)
Mon (vs. 1.177** -3.03 1 %** 1.063 14.396**
NoEco) (0.435) (0.821) (2.732) (4.823)
Symbolic x 1.151* 0.396 -0.865 10.932F
Konstanz (0.576) (1.254) (3.868) (5.808)
Monetary x 1.056F 0.059 6.179 7.417
Konstanz (0.612) (1.167) (3.898) (6.585)
Constant 8.353 %% 7.568% %% 11.45]%%* 13.302%%*%* 9.119%** 7.237% %% 89.290%** 80.245%%*

(0.186) (0.336) (0.362) (0.743) (1.441) (1.891) (2.523) (4.337)
i’g; fj‘jbel’ 2.23 0.07 1.93 1.78
F 18.11 16.31 7.52 6.36 3.40 2.49 27.24 22.96
R? 0.0483 0.1481 0.0143 0.1069 0.0101 0.0325 0.0923 0.1692

N (Subjects) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244) 488 (244)

Table S15. Location interaction. OLS regressions of each outcome on experimental site, with and without site X ecolabel interactions. Amsterdam is
the reference site and NoEco the reference condition. Human and computerized rounds are pooled with a Comp. Rounds indicator, giving two
observations per participant; standard errors in parentheses are clustered on the participant. Rounds Alive, Trees Left and Total Trees Withdrawn are
measured at the end of the game (Round 10); Trees Withdrawn is the Round 1 withdrawal. Column (1) reports the site main effect only, column (2)

adds the ecolabel main effects and the site x ecolabel interactions. F-statistics test the joint significance of all predictors. T p < .10, * p < .05, ** p <

01, #*% p < 001,
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