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Punctuated decline of human cooperation

Nicholas Sabin1,2,3 ✉, David Klinowski4 ✉ & Felix Reed-Tsochas2,3 ✉

Human cooperation is dynamic and often declines even under favourable 
conditions1–4. Many prevailing theories explain the decrease of cooperation in  
terms of strategic behaviour or learning, framed as evidence of rational behaviour  
or progression towards rationality5–9. Here we show that a key source of long-term 
decline derives from deviations from rational behaviour that systematically vary over 
time. We analyse a natural social dilemma in the field—that is, group lending in Sierra 
Leone—tracking cooperative dynamics over a five-year period. Borrowers enter a 
joint-liability contract, structured so that if the group loan is not repaid in full, all 
members lose access to future credit10. This produces a threshold social dilemma with 
incentives to free-ride11,12. The dataset includes 47,931 group payments made by 7,108 
borrowers, augmented with a two-stage cluster sample of semi-structured interviews. 
We find a statistically robust pattern of punctuated decline driven by behavioural 
mechanisms13. Cooperation rates start out high but gradually decline due to decreases 
in group members’ cooperative motivation and effort. Sharp rebounds occur when 
loans are restarted and clients resensitized to their cooperative responsibilities, even 
though the group membership and dilemma structure are largely unchanged. This 
pattern persists over the five-year observation window, but with each successive 
restart the subsequent decline is more rapid. The findings have direct implications  
for preventing behavioural decline in cooperative programmes and institutions.

Human cooperation is widespread but fragile, with long-term outcomes 
ranging from sustained cooperation to collapse1,3,14. Extensive research 
has identified factors that make cooperation more likely, such as the 
ability to communicate2,15, selective interaction16,17, observability of 
contributions or reputation18–20, and the opportunity to punish21,22. 
However, a question that remains disputed is why, even under favour-
able conditions, cooperation is dynamic and prone to decline4,23,24.

It is now widely accepted that humans have heterogenous coopera-
tive behaviours, with some effectively characterized as unconditionally 
self-interested, others unconditionally cooperative, and a majority as 
conditionally cooperative25–27. However, explanations diverge as to why 
groups consisting of such actor types often start out cooperating but 
decline over time. Most theories based on strategic behaviour (such as 
backward induction5,7 or calculated enticement6,28) and learning (such 
as social learning8,29 or confusion followed by error reduction9,28,30,31) 
suggest that decline arises either from rational behaviour itself or from 
the progression towards rationality. An alternative line of thought is 
that behavioural mechanisms are a key source of the decline in coop-
eration. Behavioural in this sense refers to psychologically realistic 
explanations typically associated with deviations from unbounded 
rationality, pure self-interest and complete self-control13,32. Although 
numerous behavioural biases have been identified in the cooperative 
context33–37, the extent to which systematic behavioural deviations 
shape long-term dynamics in social dilemmas remains unclear.

Here we analyse a social dilemma in a field setting that systematically 
tracks cooperative behaviour over a five-year period. The empirical 
context is group lending in Sierra Leone. Borrowers enter a joint-liability 
contract such that if the group loan is not repaid in full, all group 

members are held financially responsible and lose access to future 
credit10,38. The formal expectation is that “on each repayment date, 
each group member will need to immediately pay for any members that 
are late with their repayments” (from the policy manual of the lending 
institution). In practice, group members do compensate for each other 
and apply informal sanctions to enforce cooperation, such as social 
pressure, embarrassment and ostracism38. This structure produces a 
threshold social dilemma with multiple equilibria11. The cooperative 
conflict lies in the incentive for each member to personally contrib-
ute as little as possible while maintaining provision of the collective 
good—joint access to progressively larger amounts of credit. Groups 
typically consist of five members. The quantitative dataset includes 
47,931 group-level payments made by 1,589 groups with a total of 7,108 
members. The statistical analysis of this dataset is augmented with a 
qualitative analysis of 73 in-depth interviews.

The setting and research design offer several unique benefits. The 
first is long-term stability: group members face the same dilemma on a 
monthly basis for up to five years in the dataset. The loan structure and 
group membership are largely stable. Much empirical research on coop-
eration is conducted in laboratory settings on a timescale of minutes or 
hours16. Over the span of years, behaviour may undergo substantially 
different dynamics. The second benefit is outcome measurement: a 
common challenge of research in natural settings is inconsistencies in 
outcome measurement39. Here, participants face high-stakes financial 
and social tradeoffs that are integral to their daily lives, but the eco-
nomic incentives and cooperative outcomes remain well-defined. We 
are able to define two objective measures of cooperation: the financial 
contribution rate and the cooperative effort rate, both of which enable 
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robust interpretation of statistical patterns. The third is cooperative 
mechanisms: the structure of the lending environment is particularly 
well-suited for discriminating between potential mechanisms under-
lying the longitudinal patterns. For example, the same group may go 
through multiple loan cycles in sequence. This provides groups with 
the chance to ‘play the game’ again. Restarts, as well as other features 
of the data, provide powerful tools for discriminating between alter-
native causal explanations28,40. The fourth is in-depth interview data: 
the quantitative data are augmented with detailed descriptions of 
the cooperative dynamics in the clients’ own words, substantiating 
the underlying mechanisms. We used a two-stage cluster sampling 
design to select a representative sample of clients41. We also included a 
purposive sample of clients and staff to cross-validate and strengthen 
the internal validity of the findings42.

We find that cooperation is prone to decline, but when viewed on a 
longer timescale the pattern is clearly non-monotonic and reflects a 
dynamic process of punctuated decline. Sharp rebounds occur when 
loans are restarted and clients are resensitized to their cooperative 
responsibilities and long-term implications, even though the group 
membership and dilemma structure are largely unchanged. The com-
bined quantitative and qualitative analyses show that the primary cause 
of the systematic dynamics are behavioural mechanisms, where decays 
in effort and the motivation to cooperate over time lead to individual 
and collective inefficiency; that is, partially repaying a loan but still 
losing access to future credit. Our analysis argues against learning, 
strategic behaviour and changes in financial ability as causal expla-
nations in this context. Instead, group members show shifts in their 
cooperative behaviour, which are directly referred to in interviews 
as becoming ‘lethargic’, ‘relaxed’ and ‘tired of paying’. This produces 
an increased tendency to partially free-ride and often pushes groups 
towards collective failure.

Accounting for the effects of behavioural mechanisms over time can 
reshape our expectations for long-term cooperation in specific ways. 
We show that behavioural decline can be pervasive and persistent for 
up to five years even in a favourable cooperative setting. For example, 
groups that have successfully sustained cooperation over multiple 
loan cycles are still at risk of unravelling due to a decline in cooperative 
effort. Cooperation can be consistently—but temporarily—revitalized 
by ostensibly minor behavioural cues that do not alter the underly-
ing social dilemma. The size of the immediate impact of a restart on 
cooperation rates increases over five years; however, the sustained 
impact of each restart is increasingly short-lived. As groups habituate 
to the behavioural cues, the rate of cooperative decline accelerates 
after each restart.

We analyse data from a microfinance institution in Sierra Leone that 
focuses on group lending. The joint-liability groups are formed through 
a self-selection process. However, members of the same group cannot 
be direct kin; that is, parents, spouses or siblings. Of the members, 
73.3% are female. All members of the group receive an equal share of the 
loan. These amounts are substantial to the financial lives of the clients. 
Typically, a borrower’s monthly repayment is approximately 25% of 
their expected monthly profits. Before all loan disbursements, group 
members formally undergo joint liability orientation by the institution 
to ensure that the clients understand the collective consequences. If 
the group does not repay the loan in full, all members lose access to 
future credit. Accordingly, the institution does not track or distinguish 
individual-level repayment contributions.

The group lending structure corresponds to a threshold social 
dilemma, in which the provision of a collective good is non-linear and 
occurs only when aggregate contributions reach a specified level2,12. 
In a threshold dilemma, individuals have an incentive to contribute if 
they believe their contribution will be pivotal to producing the collec-
tive good. Both zero-contribution and collective provision constitute 
equilibria, with the latter being Pareto superior11,43. The conflict between 
opportunistic behaviour and the collective interest arises when the 

threshold can be met with less than full contributions from all of its 
members. Individuals maximize their payoff by contributing less than 
their fair share while still benefiting from the good: a behaviour referred 
to as partial free-riding or cheap riding11. Over repeated interactions, 
this distributional conflict can undermine cooperation and ultimately 
lead to the collapse of the collective good. In-depth interviews with 
clients and staff confirm that participant understanding and practi-
cal implementation of group lending in the field appropriately cor-
responds to this cooperative framework (refer to the Methods and 
Supplementary Information for further theoretical background and 
empirical evidence).

The longitudinal structure of group lending has key similarities to 
that of laboratory experiments involving repeated social dilemmas. 
After a loan is disbursed, it is scheduled for monthly group repayments, 
analogous to rounds in the laboratory16. If a group repays its loan in 
full, it may qualify for another loan cycle. Eligibility is on the basis of 
payment amount and timeliness throughout the previous cycle. Before 
receiving the next loan and resuming group payments, groups are 
formally resensitized by the staff of the lending institution to their 
cooperative responsibilities and the collective implications of joint 
liability. Importantly, group loan membership is largely stable across 
cycles and the joint-liability structure remains the same.

We model a group’s cooperative behaviour using two dependent 
measures: (1) the financial contribution rate and (2) the cooperative 
effort rate. The measures are complementary ways of capturing a 
group’s cooperative outcomes; they are informative in their own right 
and jointly strengthen construct validity. The financial contribution 
rate is the percentage of the monthly scheduled amount paid by the 
group within 30 days. If groups are unable to make the full monthly 
payment on time, they may make partial payments. By contrast, the 
cooperative effort rate is based on the timeliness of the group’s pre-
liminary payment, which may be partial or full. The two measures are 
highly correlated, but the second has the advantage of confirming that 
the longitudinal patterns are not driven by systematic variation in group 
members’ financial ability to pay (refer to Extended Data Figs. 1 and 2 for 
distributions of these variables over time). Hereafter, if not specified, 
the term cooperation rates refers to both the financial contribution 
rate and cooperative effort rate (refer to Extended Data Table 1 for 
descriptive statistics).

Long-term dynamics of cooperation
The empirical results show a pattern of punctuated decline occur-
ring systematically over the five-year period. Figure 1 shows aggregate 
trends overlaid on the full dataset. Cooperation rates start out high in 
the first round and gradually decay until the final round of the first loan 
cycle. After a restart, the rates rebound in the first round of the second 
cycle, but again commence a period of gradual decay. The pattern 
repeats over all loan cycles. As expected, the patterns of the financial 
contribution and cooperative effort rates are substantively similar. Not 
only do the cooperation rates decline across rounds within a loan cycle, 
but there is also significant decline across loan cycles, with each loan 
cycle having lower average cooperative behaviour than the previous 
cycle. Table 1 presents results that are based on group fixed-effects 
panel regressions. They confirm that the decline within and across loan 
cycles is statistically significant for both the financial contribution and 
cooperative effort rates.

When interpreting the longitudinal trends, it is important to con-
sider that after each cycle the lending institution selectively excludes 
low-performing groups from subsequent loans. In the dataset, 1,589 
groups received at least one loan cycle, but only 197 groups received 
five loan cycles. Successful groups may choose not to proceed to the 
next cycle, but more often the source of cycle-to-cycle attrition is the 
removal of groups with substantially delayed or incomplete repayment. 
Supplementary Table 1 provides a breakdown of group continuation 
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status and different sources of attrition across loan cycles. The pattern 
of increasingly pronounced decline across loan cycles in Fig. 1 is more 
striking given that failing groups are excluded from subsequent loans.

It is therefore crucial to examine how cross-cycle patterns look when 
controlling for selective attrition. We conducted equivalent analyses 
on subsets of data with fixed sample sizes; that is, no attrition. In Fig. 2 
we plot average cooperation rates for fixed samples of groups that 
survive at least a given number of cycles. For example, the top panel 
restricts the sample to all groups that survived at least one cycle and 

continued to cycle 2, the panel below restricts the sample to all groups 
that survived at least two cycles and continued to cycle 3 and so on. In 
general, even a fixed subset of successful groups that survive five cycles 
shows a pattern of punctuated decline (see Table 1 for statistical results).

The restart effect
To estimate the size of the rebound in cooperation rates follow-
ing a restart, we compare the average round-over-round change in 
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Fig. 1 | Punctuated decline of cooperation in group lending over five years. 
Average cooperation gradually declines over time but sharply rebounds  
when loans are restarted and members resensitized to their cooperative 
responsibilities. The rate of decline accelerates after each restart. a,c Total 
sample: n = 31,199 monthly measures of group cooperation, based on 47,931 
partial or full payments, nested in 1,589 groups comprising 7,108 borrowers. 
Rounds denote monthly scheduled group loan repayments. Each thin line 
represents the cooperation rate of a single group over time (vertical jitter = 2). 
The bold lines indicate the mean cooperation rate for the total sample. a,b, The 
financial contribution rate is the percentage of the scheduled group payment 

amount received within 30 days. c,d, The cooperative effort rate is based on  
the number of days overdue before a group records any attempt at partial or 
full payment. b,d, Single groups plotted separately in each subpanel (1–8) to 
illustrate variation in underlying group-level behaviour. Vertical dotted lines 
denote the first round of a loan cycle. a–d, Sample size decreases over loan 
cycles (Methods). The colour of the lines indicates whether the group continues 
to the next cycle or whether it is the group’s last observable cycle in the dataset. 
The pattern of punctuated decline is statistically robust to the attrition of 
groups.
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cooperation rates across all rounds of a given cycle to the change in 
cooperation rates between the last round of the cycle and the first 
round of the following cycle, restricting the sample to groups that go 
through the given restart (Fig. 3). On average, cooperation rates decline 
round-over-round within loan cycles even when excluding groups that 
do not continue (financial contribution rate = –0.64%, P < 0.0001; coop-
erative effort rate = –0.97%, P < 0.0001) (Extended Data Table 2). In 
contrast to average decline, restarts lead to a substantial immediate 
increase in cooperation rates, with an average restart effect (across all 
four restarts) of 4.24% for the financial contribution rate (P < 0.0001) 
and 2.87% for the cooperative effort rate (P < 0.0001) (Extended Data 
Table 2). The effects are robust to the inclusion of controls and are, 
in fact, larger when controls are included (Extended Data Fig. 3 and 
Supplementary Table 2).

Persistence and the rate of decline
Here we test statistically which features of the punctuated pattern of 
decline are persistent and which change systematically. First, the risk 
of cooperative failure is pervasive and persistent, as the percentage 
of groups whose cooperation rates collapse to zero grows within a 
cycle and across all cycles (P < 0.0001 for both round and cycle coef-
ficients with the outcome indicator that the group contributes zero in 
the round; Extended Data Figs. 1 and 2). Second, the size of the restart 
effect noticeably increases with each restart for both cooperation rates 
(Extended Data Table 2 and Supplementary Tables 2–4). Third, follow-
ing each restart, the average financial contribution rate resets to similar 
levels statistically, whereas the average cooperative effort rate tends 
to reset to slightly lower levels following each restart (Supplementary 
Table 5). Fourth, the average rate of decline within cycles is negative and 
accelerates after each restart. This is shown in Table 2, which estimates 
a significant negative interaction effect between rounds and cycles on 
cooperation rates (P < 0.0001 for both cooperation rates) for both the 
full sample and the subset of groups that participate in five loan cycles.

Behavioural mechanisms
To deepen our understanding of the mechanisms underlying the 
statistical patterns, we call on a distinct type of data: 73 in-depth 

semi-structured interviews totalling 56 hours, which were conducted 
by the research team contemporaneously with the collection of the 
quantitative data. Interviewees were drawn from a representative 
sample of joint liability groups, which allowed us to assess the relative 
frequency of specific behaviours; this was complemented with a pur-
posive sample of further group members and staff, which allowed us to 

Table 1 | Cooperation rates over time in group lending

Financial contribution rate Cooperative effort rate

All groups Five-cycle 
groups

All groups Five-cycle 
groups

(1) (2) (3) (4)

Round –2.191 –1.223 –2.921 –2.162

(0.097) (0.148) (0.101) (0.179)

[P < 0.0001] [P < 0.0001] [P < 0.0001] [P < 0.0001]

Cycle –4.682 –4.911 –6.382 –6.750

(0.806) (1.133) (0.874) (1.281)

[P < 0.0001] [P < 0.0001] [P < 0.0001] [P < 0.0001]

Number of 
groups

1,589 197 1,589 197

Number of 
observations

31,199 8,006 31,199 8,006

R2 0.2916 0.2165 0.4108 0.3295

Coefficient estimates from ordinary least squares regressions estimating the group’s financial 
contribution and cooperative effort rates in the round. The samples in columns 1 and 3 
comprise all groups, whereas those in columns 2 and 4 comprise the subset of groups that 
received five cycles. Regressors are round and loan cycles. All regressions control for loan 
officer, loan size, loan duration, calendar year fixed effects, rainy season fixed effects and 
group fixed effects. Standard errors clustered at the group level in parentheses, and P values 
from two-sided t-tests of the coefficient estimates in brackets.
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Fig. 2 | Longitudinal cooperation rates in group lending with subsets for 
loan cycle survival. Each panel removes the effect of group attrition over loan 
cycles by plotting the financial contribution (on the basis of financial amount) 
and cooperative effort (on the basis of timeliness) rates for groups that survived 
a specified number of cycles. The longitudinal patterns are robust to group 
attrition; this indicates that when failing groups are removed from the analysis, 
successful groups on average also feature a pattern of gradual decay and 
rebound (refer to Table 1 for statistical results). Subsets are based on all groups 
that survived a given cycle and continue to the next cycle. Subsample sizes per 
panel are denoted as n = number of groups and N = total observations: n1 = 1,026, 
N1 = 6,494; n2 = 741, N2 = 9,636; n3 = 462, N3 = 9,858; n4 = 197, N4 = 5,998; n5 = 53, 
N5 = 2,094. The vertical red dashed lines indicate the first round of a new loan 
cycle. Error ribbons denote ± s.e.m.
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cross-validate descriptions and increase internal validity (Fig. 4a). The 
interviews provided illuminating accounts of clients’ perceptions, moti-
vations, and direct experiences of cooperation and defection. Extended 
Data Table 3 and Supplementary Tables 6 and 7 provide anonymized 
identifiers and descriptive statistics of the interview sample (Fig. 4b; 
refer to the Methods, Extended Data Tables 4–6 and Supplementary 
Information for details on the data collection and analysis process, 
the semi-structured interview protocol, tables of coded cooperative 
behaviour and extended quotes).

The qualitative analysis produced four insights into the mecha-
nisms underlying group outcomes regarding: (1) diversity of coop-
erative motivation; (2) prevalence of distributional conflict and partial 
free-riding; (3) behavioural changes over time; and (4) heterogeneity 
in patterns of defection. We summarize the main findings here and 
provide representative quotes of the reported behaviours.

First, we found that borrowers reported diverse motives for con-
tributing to the group loan (Fig. 4c and Extended Data Table 4). Con-
sistent with the theoretical framing as a threshold social dilemma in 
which one’s contribution may be viewed as pivotal to producing the 
collective good, cooperation was motivated by both self-interest and 
other-regarding interests. However, borrowers strongly distinguished 
between what is seen as paying one’s own share versus paying another 
member’s share and expressed a different range of motivations for 
each. Motivations reported for paying one’s own share were broad 
and diverse, including economic self-interest and other-regarding 
concerns. For example, one borrower described why she pays her own 
share as “I want more money. I want so that they will give me more loans. 
I don’t have anybody who can give money to me” (client interview G21.
C41), whereas another client emphasized her fear of public shame: “I 
am always afraid of embarrassment because this is happening several 
times with our [neighbours]” (client interview G5.C8). Most frequently, 
borrowers reported other-regarding motives related to solidarity for 

paying their own share, for example: “Because if I don’t pay, our mem-
bers of the group undergo the same constraints. So I don’t want them to 
strain” (client interview G2.C4). By comparison, we found that motiva-
tions reported for paying another member’s share were comparatively 
narrow, focusing almost exclusively on prosociality and obligations, 
as emphasized in this client’s description, “We love ourselves … If any 
one of us has a job to do which is very difficult, we meet, we call, we 
mobilize ourselves and assist each other” (client interview G14.C26).

Second, distributional conflict and partial free-riding were com-
mon. A consistent theme in borrowers’ reports was that distributional 
conflict was widespread and persistent. Even groups that achieved full 
on-time repayments at the group level often relied on social enforce-
ment or internal compensation for defecting members. Systematically 
coding for the presence of behaviour corresponding to defection in 
each group, we found that full free-riding behaviour was rare in this 
setting (that is, an individual defecting throughout the entire loan 
cycle), but that partial free-riding behaviour was common, reported to 
have occurred by at least one member in 91.4% of interviewed groups 
(Extended Data Table 5). Detailed accounts indicated that repeatedly 
navigating the distributional conflict within groups was central to their 
collective outcomes. For example, “[Ramatu] failed to pay … That is the 
problem with traitors. They hardly give out money … And she came with 
this money today. And she pleads to me, says ‘Please [Hawa], forgive 
me’” (client interview G5.C8). We saw that clients consistently distin-
guished between the willingness to contribute and genuine inability to 
pay. Often group members were able to personally assess the reasons 
for defection: “ … we stay in the same market area. So we are able to 
know those whose business are going very fast and those whose busi-
ness they are not moving very fast” (client interview G14.C28).

Third, behavioural changes occur over time: the interviews show that 
decline in group outcomes was often driven by a reduction in coopera-
tive motivation and effort, reducing the likelihood of contributing one’s 
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Fig. 3 | Sequential restart effects on cooperation rates for continuing 
groups. Cooperation rates decline round-over-round on average within loan 
cycles, but increase on average at restarts even when groups are stable. a,b, For 
any given restart number, the average change within a cycle is calculated as  
the within-group round-over-round difference in cooperation rates, averaged 
across all rounds in the loan cycle preceding the given restart and across all 
groups. The average change at the restart is calculated as the difference in 
cooperation rates between the final round of the preceding loan cycle and the 
first round of the following loan cycle. Both averages are based on subsamples 

that are restricted to groups that go through a given restart to estimate effect 
sizes without attrition of groups. Subsample sizes: n, number of groups that  
go through a given restart; N, round-over-round total observations within  
cycle and at restart for a given restart. Error bars denote the mean ± s.e. a, The 
financial contribution rate is the percentage of the scheduled group payment 
amount received within 30 days. b, The cooperative effort rate is based on the 
number of days overdue before a group records any attempt at partial or full 
payment.
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own share, as well as compensating for another member. Members were 
described as becoming ‘relaxed’ (client interview G2.C3), ‘stubborn’ 
(client interview G18.C36), and ‘tired of paying’ (client interview G12.
C21). Client G17.C34 emphasized the change in behaviour over time as 
“Even this second cycle, we didn’t at the initial stage, we didn’t have any 
problem … The last two months, people have become very lethargic 
to pay this money.” Both first- and third-person accounts indicated 
that as time passed members became more likely to allocate their own 
potential monthly repayment towards self-interested uses at the cost 
of burdening the group, “What she did here is, she kept all this money 
and made use of it in a different situation” (client interview G19.C38; 
G4.C6; G7.C11; G9.C17). The decline in motivation to contribute to the 
group exhibited reduced regard for others as well as reduced regard for 
long-term self-interest. For example, some interviews revealed emo-
tional responses to weakening social relationships: “I feel disappointed 
about it” (client interview G27.C54), “[previously] a sisterly friend” 
(client interview G30.C57). Others illustrated members’ deteriorating 
regard for long-term interests: “They rather prefer to buy dress, cloth 
dress, so that just to decorate their body. They live in world of fashion” 
(client interview G25.C50). Describing the shift in behaviour, “I think 
they are not responsible. They show irresponsibility in their mind” 
(client interview G32.C59). Furthermore, the evidence attests that 
clients were attuned to the behavioural choices of their group members 
and suggests that awareness of a shift in behaviour may have further 
undermined the cooperative motivation of the remaining contributors, 
compatible with a psychology of conditional cooperation3.

The qualitative data also convey borrowers’ attempts at prevent-
ing decline in cooperative motivation and effort within their groups. 
Reports underscored the role of repetition in counteracting decay, with 
some borrowers reiterating the long-term financial consequences, for 
example, “I continue to say we must work very hard to pay this money, 
otherwise they will not give us another loan” (client interview G35.C64), 
and others drawing on more emotional and prosocial sentiments, for 
example, “We have sympathy to each other. We normally encourage 

each other … ” (client interview G17.C35). Similarly, the lending insti-
tution used loan restarts as an opportunity to potentially reanimate 
motivation, reminding borrowers of financial consequences and their 
social commitments. As one staff member described, “They begin to 
drag their feet … So we [resensitize] them … and that will, like, give 
them a rethink that, ‘Oh, I should stop this … ’ So they will catch up 
again” (staff interview 7).

Fourth, heterogeneity in patterns of defection: the qualitative data 
suggest a common tendency for cooperative motivation and effort 
to decay gradually over the months of repeated payments, yet also 
include considerable individual heterogeneity—from participants who 
maintained full cooperation for years to those who rapidly shifted to 
defection and never contributed again. Extended Data Table 6 shows 
the underlying heterogeneity in the severity of individual defection 
behaviour and the frequency of different cooperative patterns in each 
group. The most common pattern is intermittent defection—which is 
reported in 62.9% of interviewed groups—where members defected 
in at least one round, but later contributed in a subsequent round of 
the loan cycle. In these groups we observe an increasing likelihood of 
individuals burdening the group over time, but with the defectors still 
attempting to maintain access to the collective good. More abrupt shifts 
in cooperation are also present: 17.1% of groups featured walk-away 
defections, in which members defected for more than one round with-
out returning to contribute, whereas the other members continued to 
contribute, primarily out of regard for the remaining members or a 
sense of obligation (for example, G3.C5; G11.C20; G23.C46; G28.C55). 
In some cases, we found walk-away defections prompting a cascade of 
defections or producing full collapse, “with each one [defecting] after 
the other one” (client interview G25.C50), potentially exacerbated by 
additional mechanisms for non-cooperation, such as social contagion 
or financial reassessment. We found 8.6% of groups had a cascade of 
escalating defections; and 2.9% of groups exhibited full collapse, in 
which all members ultimately defected. Refer to the Supplementary 
Information for full coding criteria.

Alternative explanations
Our leading explanation is that the long-term pattern of punctuated 
decline documented here is driven by the behavioural mechanisms 
of cooperative motivation and effort decay. We now summarize the 
evidence in relation to the three most relevant alternative explanations: 
structural or social learning, strategic decline and systematic change 
in financial ability. Note that our argument is not that such alternative 
mechanisms do not have a role in other cooperative contexts. Instead, 
the evidence suggests that these alternatives are not the primary driv-
ers of behaviour in our setting.

Learning explanations typically refer to either learning the rules and 
payoff structure9,28,30,31, or the cooperativeness of other players in one’s 
group8,29. Initial cooperation results from confusion or uncertainty and 
is followed by decline as participants learn the consequences, update 
their beliefs or reduce their errors. This could also be extended in the 
group-lending context to include learning the enforcement conse-
quences of defection. However, the substantial rebounds in coopera-
tion following restarts, and the risk of cooperative failure years after a 
group receives a first loan, when loan structure and group membership 
are predominately stable over loan cycles (Figs. 1–3, Table 1, Extended 
Data Figs. 1–3, Extended Data Table 2 and Supplementary Tables 2–4), 
argue against cumulative mechanisms, which should generally progress 
as the group continues.

Explanations of strategic decline are based on forward-looking 
individuals who intend to maximize their private return over an 
expected horizon. Relevant examples include backward induction or 
endgame effects5,7 and strategic enticement, that is, the use of early 
cooperation as a calculated attempt to induce norms of reciprocity 
despite plans to defect later and maximize overall individual payoff6,28.  

Table 2 | Rate of decay in cooperation rates after restarts in 
group lending

Financial contribution rate Cooperative effort rate

All groups Five-cycle 
groups

All groups Five-cycle 
groups

(1) (2) (3) (4)

Round –1.363 1.685 –2.252 1.401

(0.167) (0.351) (0.180) (0.381)

[P < 0.0001] [P < 0.0001] [P < 0.0001] [P = 0.0003]

Cycle –3.262 –1.454 –5.236 –2.514

(0.775) (0.934) (0.877) (1.209)

[P < 0.0001] [P = 0.1211] [P < 0.0001] [P = 0.0389]

Round × cycle –0.308 –0.772 –0.249 –0.946

(0.063) (0.110) (0.063) (0.106)

[P < 0.0001] [P < 0.0001] [P < 0.0001] [P < 0.0001]

Number of 
groups

1,589 197 1,589 197

Number of 
observations

31,199 8,006 31,199 8,006

R2 0.2934 0.2349 0.4117 0.3457

Coefficient estimates from ordinary least squares regressions estimating the group’s financial 
contribution and cooperative effort rates in the round. The sample consists of all groups in 
the columns labelled ‘All groups’, and groups that received five cycles in columns labelled 
‘Five-cycle groups’. Regressors are round, loan cycle and round × loan cycle interactions. All 
regressions control for loan officer, loan size, loan duration, calendar year fixed effects, rainy 
season fixed effects and group fixed effects. Standard errors clustered at the group level in 
parentheses, and P values from two-sided t-tests of the coefficient estimates in brackets.
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Here, several pieces of evidence suggest that these are not the main 
drivers of our results. First, the lending institution has no set limit on 
the number of loan cycles. At the time of data collection, the maximum 
number of cycles completed by any group was eight—notably more  
than when most groups experience a collapse in cooperation.  
Second, the structure of group lending as a threshold dilemma does not 
favour strategic decline within a loan cycle. Rather, the incentives are 
to defect immediately in full after receiving one’s share of the loan or to 
avoid delayed defection that causes the group to not reach provision, 
avoiding one’s contributions going to waste44. Empirically, delayed 
decline in cooperation often results in loss of access to future credit 
and inefficient outcomes (Fig. 1, Extended Data Figs. 1 and 2, Extended 
Data Table 5 and Supplementary Table 1).

The final class of alternative explanations, specific to group lend-
ing, is based on systematic change in the borrowers’ financial ability 
to pay. Within loan cycles, the decline could be driven by a progressive 
reduction in available cash or the gradual accumulation of exogenous 
shocks to the members’ businesses45,46. Across loan cycles, it is plau-
sible that as loan amounts increase, they become more difficult to 

repay45,47. Although clients are often faced with economic constraints, 
four different types of evidence indicate that they are not the cause of 
the longitudinal patterns. First, organizational policies specify that 
a group loan is to be rescheduled by the microfinance institution if 
the loan officers judge the group to have genuinely encountered an 
inability to repay. Furthermore, the microfinance institution requires 
that groups keep a portion of their original loan in a savings account 
to use in case of inability to pay. This is rarely accessed by defaulting 
groups, indicating unwillingness rather than inability to pay. Second, 
client interviews demonstrate that groups are often able to overcome 
genuine financial difficulty, for example, a house fire (client interview 
G22.C43), unexpected medical bills (client interview G9.C16), slow 
business (client interviews G5.C8, G1.C1) or theft (client interview 
G7.C11), but consistently struggle to repay when a member’s behav-
iour becomes uncooperative (for example, client interviews G12.C22; 
G27.C54; G35.C64). Third, our statistical analysis shows that decline 
within a loan cycle is not monotonic. Cooperation often increases 
in the final rounds of a loan cycle (Supplementary Table 8), indicat-
ing behavioural motivations rather than a strict decline in financial 

Stage 1: groups

Random sampling

Stage 2: clients Cross-clients Lending staff
hierarchy

Total population

Purposive sampling

n = 35 groups n = 35 clients n = 29 clients n = 9 staffN = 1,589 groups
(7,108 clients)
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Fig. 4 | Interview data on cooperative dynamics in group lending. Semi-
structured interviews (n = 73; totalling 56 h) were conducted with group 
lending clients and staff to understand the cooperative process in their own 
words. a, Sampling methodology schematic: two-stage cluster sampling  
with a purposive enhancement. Random sampling from the target population 
(Methods) was used to produce a representative sample of clients. A purposive 
sample of clients from the randomly selected groups and staff from multiple 
levels of the lending institution hierarchy was added to cross-validate and 
enhance the internal validity of the findings. b, Group and individual 
characteristics of the client interview sample. Loan amounts and monthly  
sales are per group member in millions of Sierra Leonean leones (SLL). c, Clients 

report heterogenous motivations for cooperating in group lending and 
strongly distinguish paying one’s own share from compensating for another 
member. The interview data indicate that members often attempt to partially 
free-ride, thereby heightening group reliance on a narrower set of motivations 
to reach the collective threshold. Thematic analysis indicates that cooperative 
decline is often driven by reduced motivation over time to pay one’s own 
contribution and to compensate for another member. Refer to the Methods  
for details on the analysis process, Extended Data Tables 4–6 for coded 
cooperative behaviour, and the Supplementary Information for the interview 
protocol, codified themes and extended direct quotes.
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ability over rounds. Furthermore, statistical models include group-level 
controls for variation in ability to recover from economic shocks as 
group fixed-effects or as covariates (for example, average monthly 
sales, business diversity and geographic region), temporal controls 
for seasonal weather shocks and other idiosyncratic adverse events by 
year, and cycle controls for progressive changes in borrowers’ finan-
cial situation in terms of loan amount and duration (Tables 1 and 2, 
Extended Data Table 2, Supplementary Tables 2–5 and 9). Fourth, the 
construction of the cooperative effort rate as an alternative outcome 
variable to financial contribution, applied to the entire quantitative 
dataset, minimizes the role of financial liquidity by considering time-
liness of any partial payment, no matter how small. The longitudinal 
patterns and statistical tests largely replicate across outcome measures 
(Figs. 1–3, Tables 1 and 2, Extended Data Figs. 1 and 2, Extended Data  
Table 2, and Supplementary Tables 2–4 and 8–9).

Discussion
By examining a long-term repeated social dilemma with meaningful 
stakes in the field, and by eliciting first-person accounts of motivations 
through interviews, this study departs from a broad interdisciplinary 
literature on human cooperation that is frequently based on short-term 
laboratory experiments. Despite great differences in stakes and time-
scale, we observe a pattern of punctuated decline in cooperation that 
aligns with findings from decades of experimental research6,7,28,36,40,48,49. 
As far as we are aware, this is the first study to analyse the cooperative 
restart effect in a natural social dilemma.

Although there is strong empirical evidence for a decline in coopera-
tive behaviour over time, there is an active debate about understand-
ing this phenomenon from a theoretical perspective with regard to 
different potential mechanisms. This study proposes that dynamic 
behavioural deviations can be a fundamental driver of punctuated 
decline. An advantage of the group lending context is that it excludes 
standard explanations predicated on increasingly rational or strategic 
behaviour as the key sources of decline5,7,9,28,30,31. Our findings align with 
growing evidence that a majority of humans are conditional coopera-
tors who are susceptible to behavioural biases3,26,29,36,50. However, we 
suggest that predictable changes in psychological states may have a 
larger role than currently recognized and should be considered as key 
drivers of cooperative decline. Rather than a stable disposition towards 
cooperation or defection, we find that cooperative motivation and 
effort naturally decay, intensifying the tendency to undercontribute 
over time and heightening the risk of group collapse. This observation 
is consistent with similar psychological processes known to produce 
internally inconsistent choices over time, such as a decline in goal 
persistence due to changes in motivational states51,52 or habituation 
to salient behavioural cues34,53,54. Future research would benefit from 
elucidating the underlying psychological processes in more controlled 
settings and from exploring the role of behavioural decay and its inter-
action with other cooperative mechanisms across diverse empirical  
contexts.

The dominant approach to modelling social dilemmas to date has 
been as a prisoner’s dilemma, or its generalization, the linear public 
goods game15,55. However, it has been argued that many cooperative 
dilemmas in practice involve a common project whose provision is 
‘all or nothing’ and are better conceptualized as a threshold public 
good game43,56–58. In such situations, it is often clear what is each group 
member’s fair-share contribution. Our finding that group members 
report distinct motivations for contributing towards their own share 
versus contributing towards someone else’s share emphasizes the value 
of using threshold games to model cooperation. If some motivations, 
such as those more prosocial in nature, are more prone to natural decay 
than others, such as those more self-interested in nature, this may be a 
crucial feature to help to model and explain the decline in cooperation 
over the long term.

Incorporating behavioural dynamics into models of collective action 
may be essential for explaining why cooperation falters even under 
structurally favourable conditions. For institutions reliant on long-term 
cooperation, the findings suggest a class of solutions aimed at mitigat-
ing behavioural decay, such as contribution automation, strategic 
resets, intrinsic motivation enhancement or habit formation34,59–61. 
We hope our study spurs further research on the role of behavioural 
decay in cooperation and leads to the development of solutions for 
better combatting or circumventing this human tendency.
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Methods

Ethical approval
This research was approved by the Central University Research Ethics 
Committee (CUREC) at the University of Oxford (reference no. SSD/
CUREC1A/10-099). The approval included the collection process and 
analysis of administrative microfinance data and primary data from 
human participants collected through semi-structured interviews. 
The research was performed in accordance with all relevant guidelines 
and regulations outlined by CUREC. Informed consent was obtained 
from all participants. The microfinance institution and its clients are 
de-identified as per the data use agreement.

Empirical background
The microfinance institution was founded in 2002 and had a client 
base of approximately 18,000 borrowers at the time of data collec-
tion. In Sierra Leone, 68% of the population was estimated to be living 
below the national poverty line62. The organization offers small loans 
to low-income clients with the goal of local poverty alleviation. Group 
lending is a standard arrangement in developing countries, where 
potential clients seeking a loan enter into a joint liability contract63. 
An organization’s motivation for this arrangement is that potential 
clients often lack sufficient financial collateral, but a group contract 
may provide a form of social collateral64. Past research has noted that 
this lending structure creates a natural social dilemma38,65,66. More 
specifically, the group lending structure can be conceptualized as 
a threshold social dilemma, as the collective good—access to future 
credit—is provided only when full repayment is reached2,11,12.

Potential group lending clients are instructed to select group mem-
bers that they know and trust67. Furthermore, loan officers ensure that 
each member meets basic eligibility criteria. Each client is required 
to have their own micro-business capable of meeting the minimum 
loan repayments.

Typical micro-business examples include petty trading, food ser-
vices, barbershops, tailoring and motorbike taxi services. The loan 
amount ranges from 200,000 to 2,250,000 SLL per member per loan 
(at the time of data collection, the nominal exchange rate was US $1 
= 4,300 SLL). All loans have the same fixed interest rate: 2% per month. 
Scheduled loan duration ranges from six to twelve months. Group size 
in the dataset ranges from two to six members, with an average of 4.36 
members. Consistent with the organization’s objective to promote 
financial inclusion, 73.3% of the clients are female.

Eligibility for a subsequent loan cycle depends on a group’s repay-
ment performance in the previous cycle. Full repayment is required, but 
timeliness of payments throughout the whole loan cycle also influences 
the decision. The institution incentivizes better group repayment with 
greater potential increases in the subsequent loan amounts. Groups 
that repay in full and on time receive the standard maximum loan 
increase for the next cycle. If the loan is paid in full, but with delayed 
payment(s), the group may be assigned a lesser loan increase, no loan 
increase or no loan renewal, on the basis of the frequency and sever-
ity of the delayed payment(s). The outcome is the same for all group 
members. Decisions regarding loan renewal and amount are made 
jointly by the group’s loan officer and loan portfolio manager. Varia-
tion in subsequent loan amounts implies that a single provision point 
for the collective good is a theoretical simplification of the full set of 
potential group outcomes. However, the core distributional conflict 
and individual incentive to contribute as little of one’s own resources 
as possible while reaching each provision point remains consistent.

Group loan enforcement operates in two phases: (1) internal enforce-
ment of active loans and (2) institutional enforcement of delinquent 
loans. Group members are responsible for enforcing on each other 
during the active phase. Members use a variety of positive and negative 
enforcement mechanisms, such as encouragement, social pressure, 
embarrassment and ostracism. Past empirical research in this context 

has shown that natural variation in the social and spatial structure of 
joint-liability groups has a critical role in the ability and willingness to 
apply such social sanctions38. During this phase, the collective good 
is still achievable; that is, access to future credit. After approximately 
30 days of delayed payment, enforcement gradually shifts to the insti-
tutional phase. In this phase, the possibility of qualifying for a subse-
quent loan rapidly declines. The loan is classified as inactive, and the 
institution initiates formal recovery procedures—typically involving 
debt collectors and legal threats. These efforts generally continue for at 
least a year until the group repays or the organization officially records 
the loan as a write-off and ceases efforts at collection. In the ‘Modelling’ 
section below, we define cooperative outcome measures using a 30-day 
window to capture meaningful behaviour attributable to internal group 
dynamics, distinct from institutional debt recovery efforts.

Quantitative materials and methods
Quantitative data collection. The data were collected by the micro-
finance organization between 2005 and 2011. During the initial group 
approval process, the organization records personal, demographic 
and financial information for each member of the group. After loan 
disbursement, the organization records group-level repayment in terms 
of date and amount. The repayments are self-organized by the group 
but must be registered at the local branch office. It is not required that 
all members be present when making a group payment. The microfi-
nance organization provided consent for the analysis and publication 
of the administrative data in accordance with the data-use agreement, 
indicating that the research team may disclose and/or publish data 
such that “the data shall be anonymized and/or aggregated so that no 
reference is made to individuals’ names, applying to both [microfinance 
institution] clients and staff.”

For each scheduled repayment the organization records whether 
the payment was made in a single payment or in partial payments on 
different dates. For example, consider a group that has a scheduled 
monthly payment of 300,000 SLL due on 6 June 2010. If the group is 
unable to repay by the due date, the group might pay 100,000 SLL on 8 
June 2010 and the remaining balance of 200,000 SLL on 20 June 2010.

Once a loan is disbursed, group membership is fixed throughout 
the duration of the loan cycle. When proceeding to a new loan cycle, 
there may be minor changes in group membership. The most common 
change is the removal of a defecting member. Across all loan cycles, 81% 
of groups maintained the same group size, 18% reduced the group by 
one or more members, and fewer than 1% of groups increased group 
membership across cycles. Note that the potential exclusion of a group 
member from the next loan cycle is an internal group decision. The 
lending institution only approves a subsequent loan cycle at the group 
level, that is, it does not differentiate how much each individual contrib-
uted to repayment (refer to Extended Data Table 7 and Supplementary 
Table 10 for a more detailed breakdown of group size over loan cycles). 
The average days elapsed since repayment of the last round in the previ-
ous cycle to disbursement of the next loan is 24.7 days.

The statistical analysis and figure generation were conducted using 
STATA v.18.5, including package Markstat v.2.1, and the software R 
v.4.2.3. The dataset was cleaned so that loan cycles are not truncated 
midway by the data window, that is, both the initial disbursement and 
final scheduled payment fall within September 2005 to January 2011. We 
include a further four-month data collection buffer (until May 2011) to 
allow for delayed repayments that were originally scheduled during the 
data window. The maximum number of cycles completed by any group 
at this organization was eight cycles at the time of data collection. How-
ever, the sample size decreases with each cycle, with few groups having 
taken more than five cycles (53 out of 1,589 groups). For this study, the 
dataset is limited to the first five loan cycles with a sample size useful 
for statistical analysis. The resulting cleaned dataset includes 7,108 
borrowers involved in 31,199 scheduled group repayments. Including 
partial payments, the dataset consists of 47,931 repayment transactions. 



Extended Data Table 1 provides a summary of descriptive statistics of 
the quantitative dataset.

Modelling approach. A group’s cooperative behaviour is modelled 
using two measures: the financial contribution rate (FCR) and the co-
operative effort rate (CER). We model the FCR as the percentage of the 
monthly scheduled amount paid by the group within 30 days:

y
o
s

= (1)
icr

icr
FCR

where oicr is the observed payment amount of group i in round r of cycle 
c, and sicr is the scheduled payment amount for the associated group, 
round and cycle. Repayment activity may continue to be recorded by 
the lending institution beyond 30 days. We apply the 30-day boundary 
to construct a regular time interval that captures variation in a group’s 
internal cooperative behaviour rather than institutional efforts at debt 
recovery.

Most measures of economic cooperation in a field setting will reflect 
some degree of an individual’s financial ability to contribute; however, 
it is important in this context to confirm that changes in repayment are 
not driven by changes in clients’ financial ability to repay, that is, not a 
systematic reduction in financial liquidity over rounds. We constructed 
the CER to further increase our confidence in measuring cooperative 
behaviour. If a group is willing to cooperate but experiencing a finan-
cial difficulty, it may make a smaller partial payment. The measure is 
based on the number of days overdue before the group makes its first 
partial or full payment for each month. The organization accepts any 
minimal partial payment. The data show that partial payments as small 
as 5% of the monthly amount due were recorded by the organization. 
The timeliness of the first partial payment reflects a group’s effort in 
signalling their repayment intentions, rather than their ability to pay 
the full amount. The CER is calculated as:

y
d

= 1 −
30
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where dicr  is the days overdue for the first partial payment bounded 
from 0 to 30 for group i in round r of cycle c. The CER can be interpreted 
as follows: if a group makes at least some partial payment by the sched-
uled due date, the group effort rate equals 100; if the group’s first pay-
ment is 15 days overdue, the group effort rate equals 50; if no payment 
is made within 30 days, partial or full, the group effort rate equals 0. 
In combination, the FCR (based on amount paid) and the CER (based 
on timeliness) offer greater insight to a group’s cooperative behaviour.

Loan durations in the dataset are 6, 8, 10 or 12 months. For plotting 
purposes, the rounds of loans with different durations were rescaled 
to the minimum duration. For example, for a 12-month loan, the first 
and second payments are grouped as round 1; the third and fourth pay-
ments are grouped as round 2; and so on. A consistent base makes it 
visually easier to compare cooperation rates for the aggregated dataset. 
Importantly, we do not use rescaled rounds in the regression models 
when statistically testing longitudinal trends.

Econometric models. To model longitudinal cooperative behaviour, 
we estimate group fixed-effects regressions of the form:

y β β c β r β c r α X γ μ= + + + × + + ′ + (3)irc i irc irc0 1 2 3

where yirc is the cooperation rate of group i in round r  of cycle c, αi is a 
group fixed effect, X ′irc is a set of controls and μirc is the error term. We 
also run regressions that are identical to equation (3) except that they 
treat cycle as a fixed effect rather than a continuous variable.

To estimate the size of the restart effect, we estimate group fixed- 
effects regressions that compare round-to-round changes in coopera-
tion rates across all rounds of a cycle to the change in cooperation rates 
between the last round of a cycle and the first round of the subsequent 

cycle, including observations only from groups that participate in 
both cycles:

y β β n λ α X γ μΔ = + + + + ′ + (4)irt irt t i irt irt0 1

where yΔ irt  is the change in the cooperation rate from round r − 1 to 
round r  for group i in restart number t; n is an indicator that the obser-
vation corresponds to a restart change (that is, a change from the last 
round of a cycle to the first round of the subsequent cycle); λ t is a restart 
number fixed effect; αi is a group fixed effect; X ′irt is a set of controls; 
and μirt is the error term. Observations corresponding to restart num-
ber 1, for example, comprise all round-to-round changes in cycle 1 plus 
the change from the last round of cycle 1 to the first round of cycle 2.

We also fit random-effects panel regression models to examine the 
group factors (for example, group size, proportion female, monthly 
sales, business type diversity) and loan factors (for example, loan 
amount, loan officer, seasonal variation) correlated with cooperation 
rates (Supplementary Table 9). Columns ‘average cycle 1’ estimate a 
simple ordinary least squares regression:

y β X β μ= + ′ + (5)i i i0

where yi is group i’s average contribution or effort rate in cycle 1 and 
X ′i  is a vector of group and loan characteristics of group i in cycle 1 (spe-
cifically, group size, female proportion, proportion married, average 
number of children, average monthly sales, the s.d. of the monthly 
sales, average business equity size, s.d. of business equity, index of 
business diversity within the group, proportion of group members 
engaged in petty business, an indicator that at least a member of the 
group is engaged in service business type, loan size, rainy season and 
microfinance institution branch controls). For observations with miss-
ing covariate data, values were imputed using mean substitution. The 
‘RE all rounds’ columns in Supplementary Table  9 estimate the 
random-effects panel equation:

y β β r δ β r δ α X γ μ= + + + × + + ′ + (6)irc c c i irc irc0 1 2

where yirc is the contribution or effort rate of group i in round r  of cycle 
c; δc is a cycle fixed effect; αi is a group random effect; and all of the 
other terms are as defined above.

Consistently for the different specifications, greater group size is sig-
nificantly associated with lower contribution and effort rates, whereas 
the proportion of female individuals in the group is significantly associ-
ated with higher effort rates. Perhaps counterintuitively, larger average 
monthly sales are significantly associated with lower contribution and 
effort rates. We do not interpret these correlations as causal, as it is 
possible that the microfinance institution uses these variables when 
deciding whether and what kind of loan to give to the group.

Qualitative materials and methods
Qualitative data overview. We conducted 73 in-depth semi-structured 
interviews: 64 interviews with group lending clients and 9 interviews 
with members of the lending institution staff. On average, client inter-
views lasted 39 min and staff interviews lasted 1 h and 34 min. Interview 
time totalled approximately 56 h. The interviews were conducted by 
the principal investigator between 5 April 2011 and 6 June 2011, con-
temporaneous to the collection of the quantitative data.

The client interviews provide detailed descriptions of the coopera-
tive dynamics in the borrowers’ own words. The staff interviews are 
valuable for understanding the organization policies and their practi-
cal implementation. Collectively, the interview data perform two key 
functions in the study: (1) they help to contextualize the cooperative 
dilemma, to ensure proper understanding of the quantitative pat-
terns and their appropriate interpretation; (2) they provide insight  
to the behavioural mechanisms underlying the longitudinal trends.  
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The qualitative data may be viewed as serving both a ‘confirmatory’ 
function, that is, ensuring that the results are not dependent on a single 
type of data, as well as a ‘complementary’ function, filling the interpre-
tative gaps inherent to the quantitative dataset68.

Sample selection. The sample of clients for interviews was drawn 
from the overall quantitative dataset, using a two-stage cluster ran-
dom sampling, plus a purposive enhancement41. In the first stage of 
the random sampling, we used simple randomization of groups, after 
restricting the population of potential groups based on two criteria:  
(1) we geographically restricted the pool to groups that were admin-
istered at the lending institution’s principal branch. This was imple-
mented for practical efficiency of interview logistics; (2) we restricted 
the pool to groups that had been engaged in borrowing within the last 
six months. This was implemented to reduce recall bias during the 
interviews. This resulted in 35 joint liability groups drawn by simple ran-
domization from the subpopulation. Supplementary Table 6 provides 
descriptive statistics of the client interview sample at the group level.

In the second stage of the random sampling, we selected one mem-
ber per group to be interviewed using simple randomization within the 
group. We then enhanced this sampling design by implementing a purpo-
sive sampling of an additional member from within the randomly selected 
groups. The choice of whether to conduct another interview and with 
which specific member was on the basis of the content provided in the 
first member’s interview, following the researcher’s discretion regarding 
which additional group member’s perspective would provide the most 
valuable information. For example, if the first interviewee indicated that 
a specific member X had been the main source of cooperative disruption 
in the group, member X was selected for a direct interview to hear his or 
her version of the events. The intent of additional within-group interviews 
was to cross-validate the initial interview, collect potentially contradic-
tory data, and understand a complex phenomenon from different points 
of view69. This resulted in 29 further interviews, producing a total of 64 
client interviews. Extended Data Table 3 provides descriptive statistics of 
the client interview sample at the individual level. The two-stage cluster 
random sampling with the additional purposive sampling used here 
promotes both external validity, in the first and second stage through 
the random selection of a representative sample, and internal validity, 
through the triangulation of multiple interviewee perspectives.

Interviews were also conducted with a non-random sample of nine 
staff members of the lending institution—including three loan officers, 
two information and accounting officers, two loan portfolio managers, 
and two executive directors—regarding organization policies, practices 
in the field, and the organization’s record keeping process. Supplemen-
tary Table 7 provides descriptive statistics of the staff interview sample. 
The interview content was instrumental in interpreting the quantitative 
dataset, providing context, and offering cross-validation of borrowers’ 
descriptions of the group dynamics from an external perspective. Fur-
thermore, to assess the generalizability of the cooperative behaviour 
at this lending institution as compared to other organizations in Sierra 
Leone, interviews were conducted with staff at three independent lending 
institutions in Sierra Leone offering group loans. The interviews indicated 
that the organizational practices and group dynamics at the primary 
institution were highly similar to those at the other lending institutions.

Qualitative data collection. Interviews were conducted in-person in  
Sierra Leone by the principal investigator. The interviews were conduct-
ed at a location preferred by each client or staff member to promote 
their ability to speak candidly (for example, in their home or place of 
work). Before each interview was conducted, the research purpose and 
use of the interview data was explained to the client or staff member and 
a physical document of informed consent was reviewed together. All 
participants provided informed consent by signature or thumbprint. 
To safeguard participant confidentiality, personally identifiable infor-
mation was redacted from the interview data.

All client interviews were conducted with a professional translator 
from Sierra Leone present. The translator was independent from the 
lending institution and presented no conflict of interest. Choice of 
interview language was at the preference of the client. The languages 
used by the clients during the interviews were Krio, Temne, and English. 
Extended Data Table 3 includes the language predominately spoken at 
each interview. All staff interviews were conducted in English. During 
all the interviews, field notes were taken by the principal investigator 
and audio was recorded for later transcription and analysis.

Supplementary File 1 provides the semi-structured interview pro-
tocol for clients, an outline that provides a topic structure, a list of 
prompts and example questions to direct the conversation. The value 
of the semi-structured interview format in this context is the ability 
to adapt flexibly to the interviewee responses, to pursue interesting 
topics in greater depth, and uncover unexpected or disconfirming 
evidence70. The interview guide consisted of the following primary 
elements: (1) introductions and informed consent; (2) background/
warmup; (3) group lending verification; (4) social connections within 
group; (5) client perception of the dilemma structure and responsibili-
ties; (6) repayment process; (7) cooperative motivation and incentives; 
(8) free-riding and/or cooperative behaviour; (9) loan enforcement; 
(10) behavioural, financial and structural changes over time; and  
(11) closing.

Accounting for positionality and mitigating biases were central to the 
design and conduct of the interviews70. In this context, the perceived 
dynamic between group lending clients and an external researcher 
shapes the nature of the conversation and requires the practice of reflex-
ivity to promote impartial data. For example, to avoid misinterpretation 
of his role, the interviewer would clarify at the outset of each interview 
that he was not acting on behalf of the lending institution and that the 
discussion would have no effect on the client’s standing with the lending 
institution. To help to build participant comfort, the protocol was struc-
tured to begin with relatively easy questions before progressing to more 
challenging questions regarding group behaviour. If client responses 
appeared to be culturally embedded, the interviewer would further probe 
the topic to ensure that the answers would be appropriately interpreted.

To reduce recall bias, interview questions focused on the current or 
most recent loan cycle. The protocol included probes designed to elicit 
concrete details and examples from the clients. For example, printed 
copies of client and group information, loan characteristics, and repay-
ment data as recorded by the lending institution were brought to each 
interview by the researcher. The researcher familiarized himself with 
this information before each interview. The information could then be 
used during the interviews to reduce social desirability bias if a client 
was misrepresenting their group’s behaviour as overly positive. The 
information also served the benefit of verifying the accuracy of the 
formal repayment data and probing for any systematic inconsistencies 
in the repayment recording process. To further reduce social desirabil-
ity bias, the sampling strategy incorporated additional member(s) of 
the same lending group, describing the same event but from different 
perspectives. We found the third-person accounts valuable as they were 
more open to describing socially undesirable behaviour.

Qualitative data coding and analysis. Audio recordings of the in-
terviews were manually transcribed verbatim by the research team. 
The data were managed and coded using NVivo software (v.14.24.1). 
Pseudonyms are used in the direct quotes to protect client and staff 
confidentiality. Anonymized identifiers for joint-liability members 
were created at the group and client levels. The identifiers (for exam-
ple, G34.C63) consist of a group number (G1–G35) and a unique client 
number (C1–C64). Anonymized identifiers for staff are designated as 
S1–S9. We randomly assigned the staff identifiers across roles to avoid 
compromising confidentiality.

We analysed the transcribed interviews to identify themes and 
concepts concerning clients’ perceptions, motivations, and direct 



experiences of cooperation and defection in the joint liability groups71. 
Codes were primarily derived from existing literature, but also included 
‘open codes,’ adaptable to unexcepted themes and disconfirming evi-
dence72. Codes were organized into preliminary lower- and higher-order 
themes. All authors reviewed the codes and themes to assess their 
relevance. Revisions were made through multiple group discussions, 
following an iterative and reflexive process. The analytic method was 
abductive, recursively iterating between data and existing theory, to 
develop themes that coherently reflect the patterns present in the 
data70,71.

Conceptually, when we refer to cooperative motivation and coop-
erative effort, we draw on a common distinction between motivation  
(as an internal process or psychological force that initiates and sustains 
goal-directed behaviour) and effort (as the observable exertion or 
intensification of mental or physical activity towards that goal)51,73–76. 
The conceptual distinction is informative, as a group member may have 
the motivation to cooperate (for example, strong fear of social embar-
rassment), but may be externally constrained and not able to exhibit 
observable effort (for example, she is sick and unable to contribute). 
In this study, we solicit cooperative motivations directly from clients 
in interviews and analyse their observable behaviour in the lending 
group as a signal of cooperative effort. We are able to analyse coopera-
tive effort both with the interview data, using first-hand accounts of 
group member behaviour, as well as with the quantified measure of 
cooperative effort applied across the entire dataset over time.

Codified themes and direct quotes are available in the Supplemen-
tary Information, organized according to the following higher-order 
themes: (1) cooperative dilemma structure and client understanding 
in the field; (2) extent and evidence of free-riding; (3) self-reported 
motivations for cooperation; and (4) changes in behaviour over time.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The deidentified group lending data is publicly available at the Open 
Science Framework (https://doi.org/10.17605/OSF.IO/26BFC)77. Source 
data are provided with this paper.

Code availability
Code to reproduce the statistical analysis and figure source data 
are publicly available at the Open Science Framework (https://doi.
org/10.17605/OSF.IO/26BFC)77.
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Extended Data Fig. 1 | Longitudinal distribution of groups by financial 
contribution rate. Each panel plots the fraction of groups whose financial 
contribution rate in a given round is (i) 0 percent, (ii) greater than 0 percent  
and less than 25 percent, (iii) greater than or equal to 25 percent and less than 
50 percent, (iv) greater than or equal to 50 percent and less than 75 percent,  

(v) greater than or equal to 75 percent and less than 100 percent, and  
(vi) 100 percent. Vertical red lines indicate the end of a cycle and start of  
the new cycle. In panel a, the number of groups is 1589 in cycle 1; 1026 in cycle 2; 
741 in cycle 3; 462 in cycle 4; and 197 in cycle 5.



Extended Data Fig. 2 | Longitudinal distribution of groups by cooperative 
effort rate. Each panel plots the fraction of groups whose cooperative effort 
rate in a given round is (i) 0 percent, (ii) greater than 0 percent and less than  
25 percent, (iii) greater than or equal to 25 percent and less than 50 percent,  
(iv) greater than or equal to 50 percent and less than 75 percent, (v) greater than  

or equal to 75 percent and less than 100 percent, and (vi) 100 percent. Vertical  
red lines indicate the end of a cycle and start of the new cycle. In panel a, the 
number of groups is 1589 in cycle 1; 1026 in cycle 2; 741 in cycle 3; 462 in cycle 4; 
and 197 in cycle 5.
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Extended Data Fig. 3 | Sequential restart effects on cooperation rates for 
continuing groups with controls. Cooperation rates decline round-over-
round on average within loan cycles, but increase on average at restarts even 
when groups are stable. a, b For any given restart number, the average change 
within cycle is calculated as the within-group round-over-round difference in 
cooperation rates, averaged across all rounds in the loan cycle preceding the 
given restart and across all groups. The average change at restart is calculated 
as the difference in cooperation rates between the final round of the preceding 
loan cycle and the first round of the following loan cycle. Both averages are 
based on subsamples that are restricted to groups that go through a given 
restart to estimate effect sizes without attrition of groups. Estimates from 

regressions of the round-to-round change in the cooperation rate on an 
indicator that the change corresponds to a restart and group fixed effects, 
controlling for loan size, loan duration, calendar year fixed effects, and rainy 
season fixed effects (Supplementary Table 2). Subsample sizes: n = number of 
groups that go through a given restart, N = round-over-round total observations 
within cycle and at restart for a given restart. Error bars denote ± standard 
errors. a The Financial Contribution Rate is the percentage of the scheduled 
group payment amount received within 30 days. b The Cooperative Effort Rate 
is based on the number of days overdue before a group records any attempt at 
partial or full payment.



Extended Data Table 1 | Descriptive statistics of the group lending quantitative dataset

Notes: Standard deviations in parentheses. aAverage per group member in millions of SLL. bIn months. cProportion of the group members with the corresponding characteristic or engaged in 
the corresponding business type. dAverage per group member. eRainy season indicates the fraction of repayment rounds scheduled for the rainy season in Sierra Leone.
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Extended Data Table 2 | Sequential estimates of the restart effect on cooperation rates, no controls

Notes: Predicted restart effect estimated from OLS regressions of the group’s round-to-round change in the financial contribution rate (Panel a) or cooperative effort rate (Panel b). The sample 
includes observations only from rounds that are part of a restart. For example, “1st cycle & 1st restart” compares the average round-to-round change in cooperation rates for all rounds in cycle 1 
(“Mean round-to-round change”) to the change in cooperation rates between the last round of cycle 1 and the first round of cycle 2, when the sample includes only groups that continue from 
cycle 1 to cycle 2. Regressors are an indicator for the restart round and group fixed effects. Standard errors clustered at the group level in parentheses, and p-values from two-sided t-tests of the 
coefficient estimates in brackets.



Extended Data Table 3 | Interview sample client individual-level descriptive statistics

Notes: aSelf-report at time of the interview. bRecorded prior to the first loan disbursement. cIn millions of SLL. dPrimary interview language at the preference of the client.
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Extended Data Table 4 | Coded evidence of self-reported motivations for cooperation from client interviews

Notes: aMotives to pay one’s own share of the group loan. bMotives to pay for another member’s share of the group loan. cEconomic coding criteria: reports related to financial incentives, e.g. 
future loan access. dDuty/Morality coding criteria: reports related to duty, obligation, morality. eReputation/Embarrassment coding criteria: reports related to social reputation, shame, or 
embarrassment. fSolidarity/Trust coding criteria: reports related to solidarity, trust, prosocial help, inequality aversion. gTotal values calculated as the percent of all interviewed clients reporting 
the motive.



Extended Data Table 5 | Coded evidence of free-riding from client interviews

Notes: aFree-riding coding criteria: Full free-riding within the group by one or more individuals, coded if reported that at least one member received the loan disbursement and then made zero 
contributions; Partial free-riding within the group by one or more individuals, coded if reported that at least one member did not make full contributions, all months, on-time; No free-riding 
by any individuals within the group, coded if reported that all members made full contributions, all months, on-time. bCompensating for free-riders coding criteria: Coded “Yes” if the group 
included a full or partial free-rider and at least one group member reported paying some portion of the given free-rider’s share. Coded “No” if the group included a full or partial free-rider and 
no one in the group reported paying some portion of the given free-rider’s share. Yes/No is not mutually exclusive: a group may have more than one free-rider and compensate for one free-rider, 
but not another. cExcluding of free-riders coding criteria: Coded if reported that at least one full or partial free-rider was allowed to remain in (or be excluded) from the next loan cycle. We 
include the Remained/Excluded information for all groups with free-riders even if it was uncertain at the time of the interview whether the group would advance to a subsequent loan cycle. 
Remained/Excluded is not mutually exclusive: a group may have more than one free-rider and exclude one free-rider, but not another. dTotals are calculated as a percent of all groups. Percents 
for compensating for and excluding of free-riders may total more than 100% as groups may have more than one free-rider and exhibit multiple behaviours dependent on the free-rider.
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Extended Data Table 6 | Heterogeneity of individual contributions and frequency of cooperative patterns from client 
interviews

Notes: aRepayment patterns based on the coding of individual contributions or defections reported in client interviews. Interviews were conducted on a representative sample of 35 
joint-liability groups (consisting of 158 members). The cooperative patterns refer to the group’s current or most recent loan cycle at the time of the interview to minimize recall bias, and were 
cross-validated with secondary interviews and group-level repayment records from the lending institution. bIndividual Coding Criteria: Individual behaviour was characterized as defection  
if the member was reported as unable or unwilling to contribute their share of the loan in a given round (month). More specifically, a member was coded as exhibiting “walk-away defection”  
if the individual defected for more than one round and did not contribute again during the loan cycle. A member was coded as exhibiting “intermittent defection” if the individual defected for 
one or more rounds, but later contributed in a subsequent round of the loan cycle. cGroup Categorization Criteria: A group’s category was determined by aggregating its members’ individual 
patterns of defection to identify its predominate pattern. The categories were defined to capture substantive differences in within-group repayment dynamics. See Supplementary Information 
on Heterogeneity of Cooperative Dynamics for further detail on coding and categorization.



Extended Data Table 7 | Cycle-to-cycle transition frequencies of group size for continuing groups

Notes: Values indicate the proportion of groups that become of a given group size in the subsequent cycle (columns) conditional on the group size in the current cycle (rows). Column N indicates 
the conditional sample size.
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