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Abstract
In this Registered Report, we investigated the impact of a poverty alleviation program on cognitive performance. We analyzed data from a randomized controlled trial conducted on low-income, high-risk individuals in Liberia where a random half of the participants (n=251) received a $200 lump-sum unconditional cash transfer - equivalent approximately to 300% of their monthly income - while the other half (n= 222) did not. We tested both the short-term (2-5 weeks) and the long-term (12-13 months) impact of the treatment while administeringvia several executive function measures. Our main analysis revealed that The observed effect sizes of cash transfers have a positive, non-significant effect on cognitive performance both(b = 0.13 for the short (b = 0.13)- and b = 0.08 for the long -term (b = 0.08), but these observed effects are) were roughly four times smaller than suggested by prior non-randomized research suggested, and . Bayesian analyses revealed that the overall evidence supporting the existence of these effects is inconclusive (BFshort-term = 1.21, BFlong-term= 0.56). The. A multiverse analysis showed that neither alternative analytical specifications nor alternatively processed datasetsalternative processing of the dataset changed the results consistently change the results, but the tasks we use to assess.  However cognitive performance matter.varied between the executive function measures, suggesting that cash transfers may affect the subcomponents of executive function differently.
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Introduction 
A variety of studies show that living in financial scarcity has a negative impact on cognitive functioning 1–6 and that decreased cognitive functioning deteriorateslimits the economic opportunities of the poor 7–9. If so, impaired cognitive performance is one important pathway through which the self-reinforcing cycles of poverty are expressedperpetuated 10. This study’s central question is whether the vicious cycleconcerns to what extent such a pathway of deprived cognition exists, and whether it can be broken in adulthood. To do so, we analyse pre-existing data from a cash transfer-based poverty alleviation program 11. Extending the previous work of Blattman et. al.,11 who showed that a mixed unconditional cash transfer and behavioral therapy program can reduce crime and violence, in the present work we aim to test experimentally whether the cash treatment can improve cognitive performance of the poor in the short- and the long-term. 
The idea that unconditional cash transfers cancould enhance cognitive functioning seemed to be radicalwas considered unlikely even a few years ago.[footnoteRef:2] In recent years, however, a growing literature has brought evidence that poverty has an impact onimpacts cognitive performance. In their seminal paper, Mani, Mullainathan, Shafir, and Zhao 3 revealedshowed that farmers achievedachieve lower scores on measures of fluid intelligence and cognitive control before the harvest, when poor, compared with after the harvest, when rich. Although Wicherts and Scholten 12 raised concerns about the robustness of the results, these findings generated interest in the scientific and policy -making community, as they suggestedsuggest that the poor wereare not inherently less capable because of inherent traits, but because ofrather exhibit such outcomes due to the context of poverty. Carvalho, Meier and Wang 13 did not find differences in cognitive performance between randomly assigned participants receiving online surveys before and after payday in a US context. However, reanalyzing the same dataset controlling for the distance of the cognitive measurements from payday, Mani, Mullainathan, Shafir and Zhao 14 found supporting evidence for the effect. In a more recent study, Kaur, Mullainathan, SchillbachSchilbach and Oh 15 randomized the timing of income receipt to revealtest its effectseffect on the average productivity inamongst manufacturing workers in India. They found that on cash-rich days, the average number of mistakes decreased among the poorer workers. Ong, Theseira, and Iyh 16 also showed that a one-off, unanticipated debt-relief program improved the performance of the recipients on a cognitive control task compared to their performance before the debt relief.  [2: Indeed when the present study was originally designed in 2009, the authors did not expect an effect on cognitive performance. Cognitive functioning was assessed to obtain an exhaustive list of baseline measures. ] 

These results suggest that positive financial shocks can enhance the cognitive performance of the poor, at least in the short-term. ButHowever none of these studies have notdirectly experimentally varied wealth, and they leave open the question openof whether poverty alleviation programs could have enduring, long-term impacts. If the effects of extra cash on cognition dissipate quickly, it also raises the policy question regarding whether such programs are a useful means to help the poor break out of poverty by changing cognitive functioning.. Measuring the short- and long-term effect of cash transfers could also help theory formationformulate and improvedistinguish competing theories of change, improving our understanding of the key mechanisms through which of the many possible paths is the effect of cash transfers expressedexpress themselves 17. 
There are several potential pathways through which poverty can impair cognitive performance in the short-term. The contextcircumstance of poverty may tax cognitive capacity by introducing scarcity-related concerns or increased anxiety and stress 3,15,18–20. Furthermore, individuals living in poverty are often sleep-deprived 21,22, and experience more pain 23, conflict 11 and acute hunger 24,25 which can also diminish their cognitive performance. YetOn the other hand, some effects of poverty may only harm cognitive performance over a longer time frame. DeprivedDiminished access to differentinputs and resources, such as education, physical and& mental health care 20,26 orand high quality nutrition 27,28, havehas the potential to create enduring changeschange in cognitive functioning particularly when experienced during childhoodearly life. 
In the present study, we tested whether alleviating poverty influences cognitive functioning on a poor and vulnerable population: street youth in Monrovia, Liberia. The study participants, all men between the ages of 18 and 35, had weekly cash earnings of around $17 mainly from temporary, low-skilled work. A quarter were homeless in the two weeks preceding the intervention, and they slept hungry on average 1.3 days a week. We used data from a randomized controlled field experiment also described in detail in Blattman et al.11, and testtesting the effect of a $200 lump-sum unconditional cash transfer (equivalent to roughly 300% of the participants’ monthly income) on the cognitive performance of the participants 2-5 weeks and again 12-13 months after the cash transfer intervention. We also aimed to explore the role of potential mechanisms (e.g. worrying, sleep deprivation, mental-health, hunger, recent conflicts) in driving the impact of the cash treatment. 
We extend previous findings onalong several pointsdimensions. First, testing the effect of cash transfers in a randomized controlled study allowedallows us to provide a clearer, and less biased estimation onof the treatment effects compared to previously published studies using pre-post and related designs 12. SecondIn addition, our study design enabled us to test both the short- and long-term effect of unconditional cash transfers on cognitive performance., as well as to start to examine various potential pathways of impact. 
Methods
The Stage 1 protocol for this Registered Report was accepted on 15th February 2022. The protocol, as accepted via PCI Registered Report, can be found at https://osf.io/k56yv. This research was approved by the Institutional Review Board at Yale University (IRB-0912006068) and complies with all relevant ethical regulations. 
In the present Registered Report, we re-analyzed the randomized controlled trial also described in Blattman et al.11. The present paper focuses on the effect of the cash intervention on cognitive functioning.  At the time of the design (2009) and the original publication of Blattman et al. (2017), the authors specifically did not hypothesize any change in cognitive function, and hence excluded it from their preregistration, and focusedfocusing their paper instead on how therapy and unconditional cash transfers should affectaffected criminal and violentantisocial behavior. Cognitive functions were assessed to obtain an exhaustive list of baseline measures. The treatment effects on cognitive functioning werehave not previously been analysed and published beyond thea preliminary analyses onsummary of a small subset of outcomes (see Blattmann et al., 2017, Appendix D7).
Participants and data collection 
The study aimed to recruit 1,000 high-risk, low-income males. The Network for Empowerment and Progressive Initiatives (NEPI) — a Liberian non profit organization with a strong reputation in the local neighborhoods of Monrovia and with connections to the local leaders — coordinated the recruitment process. Many recruiters had graduated from previous NEPI programs and had backgrounds similar to the target population -:  criminal involvement, and/or former membership of armed groups especially during multiple civil conflicts in the country. NEPI staff involved in the interventions did not participate in the recruitment process. 
Recruiters identified and visited the five residential neighborhoods of Monrovia with the highestespecially high levels of criminality and violence, each with a population around 100,000. They looked for vulnerable participants with evident signs of homelessness and substance abuse, and approached potential participants directly on the street. To avoid spillover effects and people highly associated with one anotherwithin social networks, recruiters were instructed to approach only one in every seven potential participants. That way, 10roughly10,000 precarious casesmarginalised potential beneficiaries were detectedobserved, from which only 1,500 men were invited to participate in the experiment. Next, recruiters explained the psychosocial intervention and study. The cash grants were never mentioned at this pointstage. From the initial 1,500 recruited men, 501 withdrew from the study due to lack of interest. As a result, the final sample offor the 4four treatment arms (including those not analyzed in the present study) consisted of 999 poor young males with an average age of 25 years (Figure 1).

The process of the study
Relevant toFor purposes of the present research, the study had two mutually exclusive treatment arms: no treatment[footnoteRef:3] and treatment with the cash transfers. Note however, that in the original study11, there were two additional treatment groups (treatment with a cognitive behavior-informed therapy (CBT) and treatment with CBT followed by the cash transfer) which we do not analyze in the present paper. As the data collection of the different arms were interconnected, here we briefly discuss the study process for all treatment arms (Figure 1).  [3: Most individuals in the no treatment group received US$10 as a consolation prize. This was true for the 899 participants in Phases 2 and 3 but not the 100 individuals in Phase 1.] 
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Figure 1. Consort diagram. Survey response rates are calculated as the difference between the total number of respondents at baseline and the number of respondents "unfound" at each endline, all divided by the number of respondents at baseline.

After being recruited and before being assigned to any of the conditions, participants answered a baseline survey. Next, participants were asked to draw chips blindly from a pouch which determined whether they were assigned to participating or not in therapy. Crucially, participants analyzed in the present study (receiving no therapy,) were not engaged further until the assignment of cash treatments.[footnoteRef:4] 10-11 weeks after the baseline survey, all participants were invited to a public draw in groups of 50 where the lump-sum US$200 grants were randomly drawn by a nonprofit organization (Global Communities). Instead of computerized randomization, personal draws by hand were used in order to maximize trust and transparency among the participants. Four follow-up surveys were conducted 2 and 5 weeks, and then 12 and 13 months after the cash randomization by a nonprofit research organization (Innovations for Poverty Action). As a result of the one-shot physical randomization procedure, 22 percent of the overall participants were assigned to the control arm (n = 222), and 25 percent into the cash only arm (n  =251) (as well as 28 percent into therapy only (n = 277), and 25 percent into the joint treatment arm (n = 249). Note that the therapy only and joint treatment arms are not analyzed in the present study. As reported in detail in Blattman et al. 11, the treatment is largely balanced along the covariates reported below. [4:  For those in the therapy group the 8-week long therapy started one week after the random assignment. The Sustainable Transformation of Youth in Liberia, a cognitive behavioral therapy informed program, was a psychological treatment and aimed to have a lasting effect on the participants' life in two main domains. First, it tried to encourage future orientation instead of present-biased behavior. Second, it aimed to help participants self-identify as a normal society member by exercising behavioral patterns which are characteristic of mainstream identity. ] 

The phases of implementation
WeThe authors implemented the study in three phases. For safety and procedural reasons, we first conducted a pilot phase with 100 men in a peri-urban part of Monrovia. Data from participants in the pilot phase were later compiled with the participants recruited later. Few changes to the intervention or protocols were required, and so a largely similar second phase of recruitment and treatment started half a year after the pilot study, with a geographical extension of the recruitment in the central areas of Monrovia. During that phase, 398 participants were recruited. The third phase of implementation followed 9 months later, and consisted of a recruitment of 501 men from three different areas of Bushrod Island.
The treatment: unconditional cash transfers
Individuals in the cash transfer treatment condition received US$200 in a single lump-sum by lottery - about 300% of monthly income for the target population[footnoteRef:5].   [5:  During the preparation of the project, we interviewed a group of local individuals about the start-up cost of a small enterprise estimating the range between $75 and $125. We also assumed that people have other spending pressures and precautionary saving motives. That, combined with our budget constraints is how the $200 was determined.] 

A compensation of US$10 was given for participants in the control condition. The winners were briefly advised on how to keep this money safe. However, the cash transfers were unconditional and the final decision on how they would use the money was at the participants’ discretion.
Baseline and Follow-up surveys 
The follow-up surveys were administered verbally by trained enumerators. Each participant was asked to participate in five surveys. Once they agreed with the study terms, participants completed a baseline survey. The remaining four surveys took place 2 and 5 weeks (short-term), and then 12 and 13 months (long-term) after the cash distribution [footnoteRef:6]. As the administration of multiple measurements at relatively short intervals havehas been argued to decrease noise and increase precision for key outcomes 29, the authors collected two data points both for the short-term and the long-term follow-ups. That is, the 2 and 5 weeks, and the 12 and 13 months follow-up surveys intended to measure the same underlying phenomenon, respectively.. Accordingly, similarly to Blattman et al.11, we merged the responses for the 2 and 5 weeks as well as for the 12 and 13 months surveys in our analyses by taking the average of the corresponding results.  [6:  Note, that in the pilot phase, instead of the 2 and 5 week surveys, there was only a 3 week survey. The exact average time for conducting the surveys after the grants were 2.2, 5.7, 55.4, and 61.1 weeks.
] 

 Each survey session included a roughly 90 minutes-long questionnaire, delivered verbally.  It included measures such as antisocial behavior, psychological state, time preferences, social identity, and self-control, among others. The survey was followed by a roughly 45-minute session of games and tests including also the executive function measures. The response time measures were administered using a stopwatch, as in the context of the study it was not feasible to collect data using computerized means.  The questions and the, games, and tests were always administered in the same order. The average earnings from the survey and games were roughly equivalent to a half-day wage. In the current paper, we only focus on and analyze the results of the cognitive performance tests, described below. .  As described in detail in Blattman et al. (2017, Appendix A3), the authors collected at least five close contacts and all known addresses of the participants and spent on average three to four days locating respondents per survey to minimize attrition rates. The attrition rate of the overall endline survey was 7.6 percent after one year, which is common in field experiments in developing countries e.g., 30. Most importantly, the response rates in all treatment arms were within 0.4 percent of the control group, while the joint significance tests including all baseline covariates yielded p = 0.328, suggesting that the attrition was unsystematic to theacorss treatments. 
Cognitive performance assessment
The detailed task materials for each task are available at the OSF page of the projectthe Appendix. 
The arrow taskstask (attention, inhibition, switching)31: Three versions of the arrow task were developed. In each version, participants were visually presented with a series of 32 black or white arrows pointing up or down in an oral setting. Both the number of incorrect answers and the total time of completion were recorded. In the arrows attention task, participants were asked to state verbally the direction of arrows presented to them on a piece of paper. Performance on this task can signalsignals a baseline ability to maintain attention, interpret symbols, and follow directions. In the arrows inhibition task, participants were again presented with rows of arrows, and had to report verbally the opposite direction to what they were actually seeing. To complete the task successfully, one needs to inhibit the more common or prepotent response (actual direction) and produce a less common response. In the arrows switching task, participants were told to report verbally the actual direction of the arrow if the arrow was white, and report the opposite direction if the arrow was black. The successful completion of the task requires the maintenance of attention, the ability to switch between goals, and the inhibition of prepotent responses. 
Digit span taskstask (forward and backward): Working memory capacity was assessed by an oral digit span task. The instructor read out loudaloud two setssequences of digits (one at a time) in random order with a short break between the digits. Participants were asked to repeat verbally the digits either in the same (forward-digits) or the reverse order (backwards-digits). In case at least one of the two sets of digits were correctly repeated by the participant, the instructor continued reading longer- sets of digits up to a maximum of nine digits. That is, the total number of repeated digits was dependent on the performance of the participant (minimum 2, maximum 16). In order to avoid learning effects, the digit sequences were different in the surveys conducted close in time (2-weeks versus 5-weeks, and 12-months versus 13-months). The number of correctly repeated digits werewas recorded bothseparately for the forward and backward digit tasks. 
Maze task (response time and accuracy): Participants were asked to complete 3three mazes with increasing difficulty in the maze task. After completing a pilot trial, they had 2, 2, and 3 minutes to complete each of them. Both the completion time of the three mazes and the number of correctly completed mazes were recorded. Although the maze task also can signal theis related to cognitive ability of the participants, as it is not a standardized measure of a specific cognitive function, it was only included in the multiverse analysis section. 

Hypotheses and Data Analysis Strategy

Overview
In the primary analyses, we tested the two confirmatory hypotheses outlined below. The data analysis closely followed the steps detailed in the Stage 1 protocol (available at https://osf.io/k56yv). Following the protocol, the conclusions of the paper are based on the outcome of these primary analyses. 
Hypothesis 1: We hypothesize that participants receiving unconditional lump-sum cash-transfers show better cognitive performance in the short-term compared to participants in the no treatment group (2-5 weeks)
Hypothesis 2: We hypothesize that participants receiving unconditional lump-sum cash-transfers show better cognitive performance in the long-term compared to participants in the no treatment group (12-13 months).  
Furthermore, we also planned to conduct two exploratory analyses: (1) a multiverse analysis to reveal the robustness and sensitivity of the results to different analytical choices (see more about the“Robustness tests: multiverse analysis in the robustness section)approach”) and (2) a mediation analysis to understand the driving mechanism behind the observed effects in the primary analysis. The mediation analysis was planned for those cases where the primary analysis revealed strong support (BF >10) for the effect. Accordingly, we conducted a multiverse analysis, however, in line with the stage 1 protocol, we did not conduct a mediation analysis, as we have; however we did not end up conducting this analysis because we found no strong support for the effects in the primary analyses. 
Only the summary of the results of the multiverse analysis are reported in the main text, discussing which analytical choices and variables lead to different or samewhich inferences as compared to the main analyses. The detailed results are published in the Appendix. 
Statistical framework
The statistical inferences were based on Bayes Factors (BF). BFs indicate the relative evidence for two competing theories on the basis of the collected data 32. We followed the modified recommendations of Lee and Wagenmakers 33 on the threshold of good enough evidence. BF values above 10 and below 1/10 were regarded as strong evidence for the alternative and the null hypothesis, respectively. If the data did not reach these thresholds, we claimedconcluded that we did not have strong evidence for either of the hypotheses, and we interpreted the BF values using their original definition, asnamely the strength of relative evidence between the hypotheses.

Calculation of Bayes Factors
We modeled the predictions of the hypotheses by using a half-Cauchy distribution with a mode of zero and with the scale factor of 0.34 34. Previous studies testing the effect of cash transfers applied various designs and cognitive function measures that were different from the measures used in the present paper. Consequently, instead of using one measure from a specific paper to estimate the expected effect size (scale factor) for the BF calculation, we conducted a mini meta-analysis on previously published field studies providing causal evidence on the effect of poverty on cognitive functions, where variance of real money was captured involving significant uncertainty14. The analysis code of the meta-analysis is available at the OSF page of the project (https://osf.io/qymaz/). The result of the meta-analysis involving five measures from two studies 3,16 showed a standardized effect size of b =0.34, after adjusting for the effect of publication bias. Accordingly, when calculating the BF, we used 0.34 as the scale factor of the half-Cauchy distribution modeling the effect of cash transfers on cognitive function measures. 
To assess the robustness of our conclusions to the applied scale factors of the models of H1 and H2, we report Robustness Regions for each Bayes factor with two extreme priors (b = 0.09, b = 1.57), with theusing half of the smallest effect size and twice of the largest effect size from the mini-meta analysis described below.
Bayes Factor Design Analysis
To estimate the correct and misleading rate of evidence of the proposed study, we We conducted a Bayesian Factor Design Analysis using the BFDA packages in R 34. The BFDA (BFDA) which is an alternative of theto frequentist power analyses which enablesenabling researchers to estimate the informativeness of the study in a Bayesian framework.
 To do so, we used the BFDA package in R 35. For each model in our primary analyses, we conducted 10,000 simulations. Our calculations were carried out with the assumptions that alternative hypotheses are true. For the simulations, we used the effect sizes and the sample sizes detailed below. In case the sample sizes were not matched between the comparison groups, to provide a conservative estimate, we used the sample size of the smaller group to calculate our estimations. The long-term rates of correct evidence were calculated as the proportion of iterations where strong evidence (BF > 10) was found for the existence of the effect. The long-term rates of misleading evidence were computed as the proportion of iterations where the evidence strongly supported the null hypothesis (BF < 10). 
We found that given that, assuming the alternative hypotheses are true, and with the parameters detailed above, the model provides correct inference in 82% and inconclusive results in 18% of the simulations for H1 and H2, while we would makeit makes incorrect inferences only in less than 0.01% of the cases. Although our design is not optimized to reliably detect thea null effect, we calculated the rate of misleading evidence also withunder the assumption that the null hypothesis is true for each of our hypotheses. The results showed the rates of misleading evidence were < 1% for both of the hypotheses. The analysis code of BFDA analysis is available at the OSF page of the project (https://osf.io/qymaz/). 
Primary analyses
Dependent variable
We used an executive function index as the dependent variable in the primary analysis. The executive function index was a calculated for each participant by summing the standardized (z-scored) values of the following measures: accuracy scores (number of correctly repeated digits) in the forward and backward digit span tasks; response time (average logarithmized completion time, reversed scoring) in the arrow switching and arrow inhibition tasks; and accuracy (number of incorrect answers, reversed scoring) in the arrow switching and arrow inhibition tasks. Finally, we standardized the executive function index to make it comparable with other results.
To ensure that we did not include executive function measures with ceiling and floor effects, in the Stage 1 report, we planned to exclude any of the measures from the calculation of the executive function index and hence from the primary analysis where more than 60% of the individuals achieve either a perfect scoringscore or zero correct answers in theany given test. However, we did not find evidence for a ceiling or floor effect, so we kept all the measures. 
Specification of the models
To test hypothesis 1 and 2, we focused on the comparison of the cash only (n = 251) and the no treatment arms (n = 222), and conducted an intention-to-treat Bayesian regression analysis in the short-term and in the long-term phasephases separately.
The parameters of the models are specified below: 
Yij = τ1Cashi + λXi + γj + εij, 
where Y is the outcome variable, ‘Cash’ is a dummy for the random assignment to the treatment involving Cash transfer, X is a vector of control characteristics, and γ is the fixed effect for each randomization block. In different specifications of the model, the outcome variable, Y, is the result of the executive function index 2-5 weeks, or 12-13 month after the intervention. The control characteristics, X, included the same variables as Blattman et al.:  age, married or partnered, number of children in the household, years of schooling, having any disability, peer- excombatant being ex-combatant, weekly cash earnings, savingsavings stock, working hours, selling drugs, using marijuana daily, using hard drugs daily, and committing theft in the past 2two weeks. To control for outliers, we winsorized the continuous variables at the 99th percentile. Furthermore, we excluded eight participants from the control and three individuals from the cash treatment condition who did not achieve at least an 80% success rate in the arrow attention test. Not being able to finish the arrow attention test can signal a general inability or lack of motivation to produce meaningful results in any of the additional cognitive function measures. Missing values were imputed at the median level.
Calculation of BFs
We modeled the predictions of the hypotheses by using a half-Cauchy distribution with a mode of zero and with the scale factor explained below 35. Previous studies testing the effect of cash transfers applied various designs and cognitive function measures that were different from the measures used in the present paper. Consequently, instead of using one measure from a specific paper to estimate the expected effect size (scale factor) for the BF calculation, we conducted a mini meta-analysis on previously published field studies providing causal evidence on the effect of poverty on cognitive functions, where variance of real money was captured involving significant uncertainty14. The analysis code of the meta-analysis is available at the OSF page of the project (https://osf.io/qymaz/). The result of the meta-analysis involving 5 measures from two studies 3,16 showed a standardized effect size of b =0.34, after adjusting for the effect of publication bias. Accordingly, when calculating the BF, we will use 0.34 as the scale factor of the half-Cauchy distribution modeling the effect of cash transfers on cognitive function measures. As detailed above, to further ensure the robustness of our results to the applied scale factors, we will report Robustness Regions for each hypothesis in the primary analyses.
Results of the primary analysis
We did not find strong evidence for or against the hypothesis that cash transfer programs have a positive impact on the cognitive performance of the poor. (see Figure 2.). Although the Bayesian regression analyses showed small positive effects, these results were inconclusive both in the short-term (b = 0.130, CI95% = [-0.051, 0.311], S.E. = 0.092, t = 1.412, BFplanned = 1.209, BFsmall prior = 1.951, BFlarge prior = 0.290) and in the long-term  (b = 0.075, CI95% =[-0.102, 0.252], S.E. = 0.090, t = 0.838, BFplanned = 0.563, BFsmall prior = 1.220, BFlarge prior = 0.128). 
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Figure 12. Standardized executive function scores in the Cash and the No treatment group in the short- and the long-term.

Robustness tests: multiverse approach
To assess the robustness of these results, we performed a multiverse analysis which involved “performing all analyses across the whole set of alternatively processed data sets corresponding to a large set of reasonable scenarios” 36. We argue that the addition of a multiverse analysis is useful given that there are several choices (e.g., choosing of the dependent variables, transforming and coding the data and choosing the specific analysis techniques) which can influence the results. The multiverse analysis was explorative by natureexploratory as we did not have specific hypotheses for each analysis. Accordingly, we conducted multiple versions of the Intentintent-to-treat analyses specified in the primary analysis section with 6six alternative analytical specifications (with and without control variables x 3three different priors),  across 14 alternatively processed datasets (2two exclusion criteria x 7seven imputation methodmethods) predicting 14 different cognitive function measures as follows. 
Alternative analytical specifications. We repeated all the analysisanalyses with and without the control variables as specified(age, married or partnered, number of children in the primary analysishousehold, years of schooling, having any disability, peer ex-combatant, weekly cash earnings, savings stock, working hours, selling drugs, using marijuana daily, using hard drugs daily, and committing theft in the past two weeks) and with three different priors: the effect size used in the primary analysis (b = 0.34), as well as the half of the smallest effect size (b =0.09) and twice of the largest effect size (b = 1.57) from the mini meta-analysis described above.  
Alternatively processed datasets. Exclusion criteria for individuals: We repeated all analyses with two different exclusion criteria. First, we winsorized the continuous variables at the 99th percentile while we also excluded all the individuals, who did not achieve at least aan 80% success rate in the arrow attention test.  Second, we applied no exclusion criteria on individuals.
Handling of missing data: We repeated all analyses using the following imputation methods for the outcome variables: 1) imputing the median value;  2) imputing missing dependent variables for the treatment (control) group as the found treatment (control) mean plus (minus) 0.10, 0.25, or 1 SD of the found treatment (control) distribution 37.
Additional cognitive function measures and indexes. To further test the robustness and specificity of the findings in the primary analysis, we conducted the analyses separately for the 6six executive function measures which comprised the executive function index  and 10 newten alternative measures of cognitive function. As a result, the following dependent variables were included in the multiverse analysis: Executive function index; Arrow switching accuracy; Arrow switching RT; Arrow inhibition accuracy; Arrow inhibition RT; Arrow attention accuracy; Arrow attention RT; Arrow tasks RT index; Arrow tasks accuracy index; Digits Forward accuracy; Backward digits accuracy; Digit span index; Maze accuracy; Maze total completion time. The detailed description of the calculation of these measures can be found in the Appendix. 
Summary results of the multiverse analysis
We conducted 2x392 Bayesian intent-to-treat regressions testing the robustness of the short-term and long-term results separately. Our goal was to explore how much the results change due to choices in the data processing and analysis, and furthermore to identify which choices have the strongest effect on the conclusions. The summary statistics for all these 784 results can be found in the Appendix. To facilitate the apprehensioncomprehension of these findings, we created two types of Figures. Figure 1Figures 3 and 35 are descriptive specification curves 3737 that display the distribution of effect size estimates and 95% confidence intervals for each specification, enabling researchers to identify the most consequential analytical decisions. Figure 2Figures 4 and 46 depict the robustness of the Bayes Factors to different priors.
Short-term results
The observation of Figure 13 implies that 78% of specifications lead to positive estimates, but almost all94.7% of the specifications yielded 95% confidence intervals that included zero. The bottom panel of the figure shows see 37 that usee 37 that using alternative analytical specifications (with and without control variables) and alternatively processed datasets (applying exclusion criteria or not, and using 7seven different imputation methods) didn’t yield consistent change in the effect sizes. However, the way the cognitive performance was measured seemed to matter. The effect of cash transfer becomes larger andtransfers was always positive when executive functions arewere assessed with arrow switching accuracy, digits forward accuracy, or digit span index, but become systematically smaller andwas mostly negative when measured by arrow switching RT, backward digits accuracy or maze task accuracy.
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Figure 13. Descriptive specification curve depicting effect size estimates of the treatment (short-term). The dots in the top panel depict standardized effect sizes associated with 392 different specifications, each estimating the effect of cash transfers on cognitive performance 2-5 weeks after the treatment. The regions around the depicted dots show 95% confidence intervals. 
Each row in the bottom panel corresponds to one analytical choice. The dots vertically aligned in the bottom panel indicate show the analytical decisions behind observed estimates when applying the given analytical choice, enabling readers to inspect the variance and magnitude of those estimates. compared to other analytical choices.  The black dot in the upper panel shows the result of primary analysis whileand the black lines in the bottom panel the corresponding specifications.
The visualVisual inspection of Figure 24 suggests that the priors used in our analysis seem to affect the sign and strength of evidence. Using the small prior 100%, while using the planned or small priors, mostprior 98%, of the Bayes Factors are between 10 and 1/10, however using large priors led to strong evidence (BF<1/10) for the null forin 40% of the specifications.
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Figure 24. Robustness of the Bayes Factors to different priors (short-term). The figure shows the Bayes Factors associated with each of the 392 alternative specifications using the planned (0.34; uppermiddle dots), small (0.09; middleupper dots), and large (1.57, lower dots) priors. 

Long-term results  
Figure 35 shows that the estimated standardized effects vary both in the positive (60%) and the negative range (40%), and none of the specifications yielded confidence intervals not including 0. Alternative analytical specifications and alternatively processed datasets do not seem to change the effects consistently. However, similarly to the short-term results, the way the cognitive performance was assessed seemseems to matter. The impact of the cash transfer program was larger (mostly positive) when cognitive performance was assessed with arrow switching accuracy, digits forward accuracy, or digit span index, but was smaller (mostly negative) when measured by arrow inhibition accuracy, maze task accuracy, and maze task RT.
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Figure 35. Descriptive specification curve depicting effect size estimates of the treatment (long-term). The dots in the top panel depict standardized effect sizes associated with 392 different specifications, each estimating the effect of cash transfers on the cognitive performance of the poor 12-13 months after the treatment. The regions around the depicted dots show 95% confidence intervals. Each row in the bottom panel corresponds to one analytical choice. The dots vertically aligned in the bottom panel indicateshow the analytical decisions behind observed estimates when applying the given analytical choice, enabling readers to inspect the variance and magnitude of those estimates. compared to other analytical choices.. The black dot in the upper panel shows the result of the primary analysis whileand the black lines in the bottom panel the corresponding specifications. 
The visualVisual inspection of Figure 46 suggests that the priors used in our analysis seem to affect the sign and strength of evidence. Using the planned orprior 97%, while using the small priors, mostprior 100% of Bayes Factors are between 10 and 1/10, however using large priors led to strong evidence for the null in the majority (72%) of the specifications.
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Figure 46. Robustness of the Bayes Factors to different priors (long-term). The figure shows the Bayes Factors associated with each of the 392 alternative specifications using the planned (0.34; greenmiddle dots), small (0.09; purpleupper dots) and large (1.57, yellowlower dots) priors.

Discussion
In this paper, we tested the effect of a lump-sum unconditional cash program equivalent to three months of income on the cognitive performance of an extremely poor population using data from a randomized controlled field experiment. We observed a small, positive effect on executive functions both for the short (b = 0.13) and the long term (b = 0.08) toward the hypothesized positive direction, but the data provideprovided inconclusive Bayesian evidence to support or reject the effectiveness of the intervention. Notably, the effects found in this study, were roughly four times smaller than effect sizes observed in prior work. Withnon-experimental research. Given the observed effect size, we would have needed a sample of 4750 participants to find strong Bayesian evidence[footnoteRef:7]. [7:  The sample size was calculated using the BFDA parameters detailed above. ] 

ThisThe contrast between our results and those of prior studies could be the consequence of some mix of differences in the research design, sample of participants, administered cognitive function measures, and differences in the treatment. While we cannot conclude with certainty how these differences add up and interact, we can make a few observations which canmay put our findings into context. 
First, while previously published studies used pre-post designs, 3,13,16, here the findings are based on a randomized controlled trial which. Randomized controlled trials in general provides a clearer and provide less biased estimateestimates as  the act of the truerandomization balances both observed and unobserved characteristics of participants, allowing attribution of any differences in outcome between groups to be the effect size. of cash transfers e.g., 38. 
Second, although individuals participating in the study were extremely poor, they were relatively homogeneous and unusual along some of their demographics. This may have influenced the effect in some unknown way: they were all male, from Liberia, between the ages of 18 and 35, and selected to be engaged in high levels of antisocial behavior as well as poor and often homeless. 
Third, we used paper and pencil or verbal versions of three different arrow tests, two different digit span tasks and a maze task to assess changes in cognitive functioning, while previous studies predominantly used computerized forms of cognitive control and intelligence tests. We cannot be sure how the tasks and the way we administered them impacted the results.  3,13,16. 
Fourth, in the present study, participants were provided with a lump-sum cash of $200. It is an open question, how a larger cash treatment or applyinga monthly installmentsinstallment instead of lump-sum money would have impacted the results. Previous results found that monthly installmentspayments vs. lump-sum money hadmay have differential effects on people’s behaviourbehavior 3839., while other studies have suggested that receiving insufficient cash transfers can have negative effects by making individuals needs more salient 40. 
Improper implementation of the treatment, or spillover effects, could have led to suchthe relatively smaller effects, but we do not think that this was the case. Blattman et al.11 found that the same treatment on the same participants had significant effects on several outcomes including crime, violence, lifestyle changes, and self-investment among others, and they found that these treatments combined with cognitive therapy even had significant effects after 10 years 3941. 
As a non-negligible portion of the participants showed signs of substance abuse, it could have also happenedbeen that these people spent the extra cash on substances that had a deleterious effect on their cognition, diminishing the effect of the treatment. However, again, the data do not support this hypothesis. Information on the marijuana and hard drug usage was collected in the 2-5 week and 12-13 month follow-up surveys. As Blattman et al. 1111 reports, neither marijuana nor hard drug usage was significantly affected by the cash treatment neithereither in the short noror in the long term (for detailed results see Table 6, p. 1190, Blattman et al., 2017). Finally, the fact that the cognitive function measures were administered as part of a 90 minutesminute long questionnaire, could have exhausted the participants leading to floor effects. However, our data showed no sign of ceiling or floor effects. In sum, future research needs toshould explore and hopefully reveal how different factors impact the efficiency of poverty alleviation interventions.  
Finally, the multiverse analysis revealedresults suggested that our estimates are robust to alternative analytical specifications, orand to processing the dataset in different ways, however the tasks we use to assess cognitive performance impact not just the magnitude butand even the sign of the investigated effect. was influenced by which executive function measure was applied. When measuring the accuracy withof the arrow switching task, the digits forward taskstask, or using the digit span index, the cash program showed larger, positive estimates consistently both for the short term and for the long term. Using the accuracy scoresscore from the maze task yielded smaller, negative estimates. The results showed a more varying pattern when using the other 8eight executive function measures. These findings suggest that the impact of cash-transfer  transfers on cognitive function may vary by the type of cognitive function assessed. In particular, it is possible that cash positively impacts working memory more robustly than inhibitory control as working memory is assessed in the digit span index and is required for effective execution of the complex arrows-switching task. ThisThe effect of cash on the backward digit span test was negligible or even negative for the short-term, weakening this argument. However this hypothesis iswould be consistent with prior theories which have42 which emphasized the possibility that the impact of increased cash availability on cognitive function wasis derived from a decrease in the need for individuals to attend to and thus be distracted by monetary concerns while performing cognitive tests. This enhanced need to attend to concerns related to money might be conceptualized as an additional working memory demand.  Future work examining the impact of cash transfers on cognition should examine the possibility that specific forms of cognitive control respond more robustly to poverty alleviation in adulthood. 
The question of when, why, and to what extent cash transfers affect cognition is far from being answered, which also reflects the limitations of our study. Future work should further examine how different magnitudes of cash transfers and the way they are distributed (lump sum vs. installments) affect cognitive performance;  how different demographic characteristics (such as the level of  money scarcity, cultural differences, or the strength of one’s social network) and the mode of task administration (online vs. onsite, computer vs. pencil based, oral vs. written) moderate the effect; whether working memory and inhibitory control are affected differently by cash transfers; and whether some specific forms of cognitive control or working memory respond more robustly to poverty alleviation. 
	
Data and Code Availability
A de-identified and masked dataset and all the code used for data management and analysis will be openly available at the project’s OSF page (https://osf.io/qymaz/).
Deviations from the Stage 1 protocol:
We standardized the executive function index to make it’sits results comparable with other results from prior findings and with the results of the multiverse analysis.
We have added the following elements to the analysis code: chunk of code that creates a figure showing the results of the primary analysis; a chunk of code exporting the statistical results to a csv file.
The following elements were part of the Stage 1 protocol, but we have only added them to the anlysisanalysis code during Stage 2: calculation of the proportion of correct answers for each arrow task separately; the calculation of the Pearson correlation between reaction time and accuracy separately for each arrow task; exclusion criteria of individuals to test for the floor and ceiling effect.
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