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 A B S T R A C T

While many of the world’s poor consume inadequate calories with low nutritional value, there has been little 
work on how this may shape their behaviors and productivity. Using lab-in-the-field and field experiments 
in the context of a floriculture plant in Ethiopia, this study investigates the effects of a nutrition support 
program on behavioral outcomes—stress, prosociality, cooperation, and attention—and productivity. We find 
that nutrition support relieves stress and decreases prosociality, exhibiting a pattern of hedonic adaptation 
over time. We do not find evidence for improvements in labor productivity.
1. Introduction

While many of the world’s poor consume inadequate calories with 
low nutritional value, there has been little work on how this may shape 
their behaviors. Existing associational studies suggest a potential link 
between poor nutrition and behavioral outcomes, such as difficulties 
in emotion regulation, increased costs of cooperation, diminished cog-
nitive function, and impaired attention (Benton and Donohoe, 1999; 
Danziger et al., 2011; Dean et al., 2018; US Army Institute of Envi-
ronmental Medicine, 1987). Although some limited laboratory-based 
research hint at a causal relationship, it is not clear if the results are 
generalizable in the field (Gilliot et al., 2007).

Recent studies have primarily focused on the causal impact of
poverty on behavioral and mental outcomes, which subsequently affect 
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economic outcomes such as productivity and labor supply (Haushofer 
and Fehr, 2014; Ridley et al., 2020; Schilbach et al., 2016). However, 
there remains a significant gap in understanding the underlying mecha-
nisms through which poverty affects behavioral and mental outcomes. 
This paper aims to address this gap by specifically investigating the 
direct and causal impact of nutrition, a prevalent deprivation associated 
with poverty, on behavioral outcomes.

Also, although the positive relationship between nutrition and la-
bor productivity is supported by a longstanding and large theoretical 
literature on nutrition-based poverty traps (Yellen, 1957; Mazumdar, 
1959; Stiglitz, 1974; Reynolds, 1976; Bliss and Stern, 1982; Dasgupta 
and Ray, 1986, 1987; Dasgupta, 1993), empirical evidence on this link
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is sparse and mixed.1 Moreover, most empirical studies that examine 
this relationship were conducted at least two decades ago, calling into 
question the external validity of existing evidence in current times, 
especially after rapid nutritional change in the past few decades (Black 
et al., 2013).

In this study, we directly address the limitations of the previous 
studies. We examine the effect of nutrition on labor productivity and 
physical function in the context of a floriculture farm in Ethiopia. 
Specifically, this paper investigates the impacts of a nutrition support 
program that randomly provides nutritious filling breakfasts of about 
500 calories with rich micronutrients to floriculture manual workers for 
ten weeks. To explain the mechanisms underlying this relationship, we 
assess the extent to which nutrition affects workers’ stress, prosociality, 
cooperation, and attention.

This study tests the hypothesis that improved nutrition affects pro-
ductivity not only through physical capacity but also via psychological 
and behavioral channels. As outlined in Fig.  1, the theory of change 
posits that increased access to nutrient-rich food can reduce stress 
and improve prosociality, cooperation, and attention—traits that are 
relevant for productivity in labor-intensive team environments like 
floriculture. These behavioral mechanisms are supported by evidence 
linking nutrition to cognitive and emotional function and social behav-
ior (Benton and Donohoe, 1999; Carvalho et al., 2016; Haushofer and 
Fehr, 2014). Tasks such as cultivating, harvesting, sorting, and packing 
roses required sustained attention and team coordination, especially in 
shared greenhouse and packhouse spaces.

We hypothesize that better-nourished workers may exhibit greater 
intrinsic motivation, lower stress, or more prosocial conduct, all of 
which could enhance productivity. Our analysis therefore examines a 
range of intermediate outcomes, both behavioral and physical, along-
side final labor productivity measures. The flower plantation setting 
is well-suited for this research insofar as it provides a unique oppor-
tunity to provide targeted nutrition interventions and measure high-
frequency productivity data as well as behavioral outcomes through lab 
experiments.

As pre-registered in Park and Kim (2017), the behavioral outcomes 
we examine include: (1) emotional state and stability (stress); (2) 
prosocial behaviors measured by the dictator game and the ultimatum 
game for the degree of self-interest and fairness, and the trust game for 
the degree of trust and reciprocity2; (3) workers’ level of cooperation 
measured by performance in the length of time the worker spent on 

1 Most existing empirical studies are associational, given the inherent 
challenges posed by the endogeneity of caloric intake and the measurement 
of productivity (Kraut and Muller, 1946; Strauss, 1986; Deolalikar, 1988; 
Croppenstedt and Muller, 2000; Chakrabarty and Grote, 2009). The few
(quasi-)experimental studies that exist, albeit with weaknesses in study de-
sign, find mixed results, making it difficult to generalize whether nutrition 
improves productivity (Immink and Viteri, 1981; Wolgemuth et al., 1982). A 
recent experimental study by Schofield (2018) provides important evidence by 
randomly providing 700 calories per day to low-BMI cycle-rickshaw drivers 
in India for five weeks, finding increased labor supply and income. While 
this study is rigorously designed, the study has several limitations we seek 
to address: (1) the study measures labor supply but not productivity, (2) the 
intervention provided calorie-dense snacks with minimal nutritive value, (3) 
the study had differential and selective attrition between the treatment and 
control groups despite small sample size, and (4) the extent of nutritional 
crowding out is unclear. The literature on religious fasting (Ramadan) suggests 
reduced output growth and productivity (Campante and Yanagizawa-Drott, 
2015; Schofield, 2020). However, using Ramadan fasting as a quasi-experiment 
to study the relationship between nutrition and productivity has limitations, 
as fasting coincides with changes in sleep patterns, work hours, and religious 
practices, making it difficult to isolate the effects of nutrition alone. Lastly, 
while not in the form of regular meals, Thomas et al. (2006) show that 
iron supplements improved labor supply and productivity among men, and 
Hoddinott et al. (2008) find long-term impacts of early childhood nutrition 
supplements on adult economic productivity.
2 
helping other workers during work; and (4) workers’ level of attention 
captured by bean sorting tasks and a search game.3 Physical function is 
measured by gross and fine motor tests and body mass index (BMI). For 
productivity outcomes, we collected the number of flowers each worker 
harvested, sorted, or bunched per day, and recorded daily attendance 
as a measure of labor supply.

We find that the nutrition support program enhances workers’ di-
etary intake in terms of both quality (dietary diversity) and quantity 
(caloric intake). Although partial crowding-out is observed, caloric 
intake increases by 223 calories, and the consumption of eggs, dairy, 
and meat and fish increased among the treatment group, suggesting 
increases in not only caloric intake but also micronutrient consumption.

Regarding behavioral outcomes, we demonstrate that nutrition sup-
port reduces stress levels and diminishes prosociality, but has no effect 
on cooperation and attention. Specifically, stress decreases by 0.23 
standard deviations (SDs) among treated workers, reflecting improved 
emotional state and less emotional fluctuations. Also, the program 
leads to decreased prosociality by 0.06 SDs, as evidenced by reduced 
generosity in the dictator and ultimatum game allocations, and less 
fair offers in the dictator game. Trust levels decrease, with treated 
workers allocating less, and reciprocity increases, with treated workers 
reciprocating more in the trust game. We find no effect on cooperation 
in the lab and evidence for reduced cooperation in the field.

We do not find effects of the nutrition support on physical ability 
or labor productivity. The null effect on productivity is precise, as 
this estimate is bounded to a tight interval around zero, suggesting 
that nutrition may not be the main binding constraint for the average 
worker on the farm.

Our analysis also reveals evidence for hedonic or behavioral adap-
tation, in which effects are pronounced in the first several weeks but 
dissipate over time. Hedonic adaptation is most prominent in the results 
on emotional state. This trend is also evident across various other 
outcomes such as prosociality and productivity outcomes, underscoring 
the importance of considering longer-term impacts of nutrition over 
time.

This study contributes to the literature on two fronts. First, we docu-
ment the effect of nutrition on behavioral and psychological outcomes, 
which is a promising yet less developed area of research in behavioral 
and development economics. We also add to the growing literature 
on poverty and mental outcomes, exploring nutrition as a potential 
underlying mechanism. In this paper, we show that nutrition plays a 
significant causal role in emotional well-being and prosocial behaviors. 
To the best of our knowledge, ours is the first to credibly investigate 
the effects of nutrition on these behavioral outcomes.

Secondly, this study provides causal evidence on the relationship 
between nutrition and labor productivity. Despite its important eco-
nomic implications, to the best of our knowledge, no paper has cred-
ibly established a causal relationship in the past two decades, during 
which profound nutritional changes have occurred in the developing 
world (Headey et al., 2017). This paper addresses this gap with a more 
rigorous empirical approach by using a randomized control trial to infer 
causality, taking advantage of the floriculture farm setting to precisely 
measure labor productivity, and providing adequate nutrition support 
in terms of both quantity and quality. We find that nutrition support 
does not improve labor productivity at least in the short term among 
adults in a manual labor setting.

2 Prosocial behaviors refer to voluntary actions that may benefit other 
individuals such as sharing. They include altruism toward others, spite/com-
petitiveness toward others, reciprocity, and fairness. Altruism is a special case 
of prosociality in which an actor benefits others but at personal cost or helping 
in the absence of external rewards (Batson and Powell, 2003).

3 Attention is the ability to focus on particular pieces of information by 
engaging in a selection process that allows for further processing of incoming 
stimuli (Dean et al., 2018).
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Fig. 1. Theory of change.
The remainder of this paper is organized as follows: Section 2 
explains the study design and the intervention; Section 3 discusses data 
and sample characteristics; Section 4 presents the estimation strategy; 
and Section 5 presents the results. We conclude in Section 6.

2. Study design and intervention

2.1. Study setting

Ethiopia is one of the least developed countries in the world with a 
GDP per capita in 2020 of US$936 and is the second most populous 
country in sub-Saharan Africa (World Bank, 2020). The Ethiopian 
floriculture industry has expanded considerably in the past decade, 
making it the second largest flower producer in Africa after Kenya and 
serving as the fifth foreign revenue earner for the country. The sector 
predominantly employs female manual laborers in the main production 
process: farming, packing, and quality control (Woldeyohannes, 2015).

This study includes workers engaged in the farming and packing 
processes in the floriculture sector. Farming involves seeding, breeding, 
and raising flowers in greenhouses, with rose buds typically taking 
two to four weeks to bloom. The packing process, conducted in pack-
houses, entails sorting and packaging flowers of similar size into bun-
dles (e.g., of 10 pieces). A majority of the packed flowers are shipped 
for exports to the European and Middle Eastern markets. Workers in 
this sector typically earn around 30 Ethiopian Birrs per day (equivalent 
to approximately 1.30 US dollar). As this is significantly less than the 
average wage in Ethiopia, floriculture farm jobs are often taken up by 
the poor.

This research was conducted at Ethio AgriCEFT PLC, a rose floricul-
ture farm located in Holeta, approximately 40 km west of Addis Ababa, 
Ethiopia’s capital (Figure A1). A typical worker in this farm works 
eight-hour shifts from 7 am to 4 pm with a lunch break in between 
(Panel B of Fig.  2). The farm employs about 270 greenhouse workers 
across 23 greenhouses, with each worker is responsible for tending to 
around 21 beds of roses. They engage in a variety of cultivation prac-
tices including bending, disbudding, pinching, and harvesting (Figure 
A2). Each worker within a greenhouse is assigned the same cultivation 
practice in a given day. Their daily productivity is primarily measured 
by the number of roses harvested, which can be considered as the final 
measure of output as it represents successful cultivation practices.

As for the packhouse, there are about 70 workers who are divided 
into sorters and bunchers. Productivity is measured by the number of 
rose stems bunched by a pair of one sorter and one buncher. The pair’s 
target is to sort and bunch 3000 stems of roses per day, and for any 
work above the target, the team receives 25 Ethiopian cents per 10 
stems as incentives. The incentives are evenly split between the sorter 
3 
and the buncher. Team assignment changes every day at the discretion 
of the supervisor.

The farm’s production fluctuates throughout the year, depending 
on overseas demand. January and February are typically peak seasons 
driven by holidays and Valentine’s Day demands, whereas July through 
September and November are the low seasons due to local weather 
conditions (rainy season with lower temperatures).4 To ensure high 
effort levels from workers, the study was implemented during the 
busiest production season, from December 2017 to March 2018. This 
timing aimed to minimize any potential impact of seasonal production 
variations on worker performance.

2.2. Experimental design and intervention

All workers involved in the main production processes of farming 
and packing agreed to participate in the study. They were then ran-
domly assigned to the treatment or the control group at the individual 
level, stratified by greenhouse and packhouse.5 Among a total of 347 
workers, 173 workers were assigned to the treatment group and the 
remaining 174 workers to the control group. Individual workers were 
informed of their treatment status by their respective greenhouse and 
packhouse supervisors.

As shown in Panel A of Fig.  2, the treatment group received daily 
nutritious breakfasts with adequate macro and micronutrients for ten 
weeks from December 2017 to February 2018.6 This breakfast, pro-
vided on weekdays, comprised a balanced mix of staple foods, protein 
supplements from animal source foods or beans, vitamin and mineral 
supplements from fruits or vegetables, and energy supplements to 

4 However, even during low seasons, farm managers reported that there are 
sufficient number of stems to farm, cut, sort, and pack in a given day, and that 
there is no stock-out risk. Also, there are no layoffs or additional employment 
to meet the production drops or spikes—all farm workers are permanently 
employed.

5 Among a total of 554 workers in this farm, workers in the farming and 
the packing process were invited to participate in this study. Workers outside 
the farming and packing process such as administrative workers and cleaners 
were excluded.

6 We provided breakfast because, through focus group discussions and pilot 
feedback, workers reported that they generally feel hungriest from 9 am to just 
before lunch, which is plausible given that they reported generally skipping 
breakfast before coming to work. This implies that many workers experience 
more than 15 h of prolonged fasting almost every day, which lasts from 
the previous evening’s dinner until the next day’s lunch. Our baseline data 
confirms this, showing that 51% of the sample reported not having breakfast 
before coming to work.
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Fig. 2. Study timeline.
Notes: This figure shows study timeline overview (Panel A) and study schedule in a given workday (Panel B). On each day from week 1 to week 10, workers 
in both the control and treatment groups participated in the lab experiments either just before or after eating the breakfast (assigned randomly), and the lab 
experiment lasted 5–15 min per person depending on the exercise. Breakfast time lasted about 20–30 min per person, after which they returned to work. Lab 
experiments were not conducted in week 9 due to political protests in the area, but the nutritional support was continued during this time. Days in weeks 11 
and 12 were similar to Panel B, except that the nutritional support was replaced by small snacks.
increase energy density (Figure A3). Each meal contained approxi-
mately 500 calories per person. The breakfast content and schedule are 
provided in Figure A4.7

During the same period, the control group received snacks with 
little nutritional value (around 80 calories with limited micronutrients) 
(Figure A3). To rule out the effect of taking a break while eating the 
snacks, the control group also received a snack break time at the same 
time the treatment group received breakfasts. To prevent any bias from 
the fairness issue, control group workers were informed at the outset of 
the study that they would receive a food voucher worth approximately 
10 US dollars upon completion of the intervention.8 Both breakfasts 
and snacks were provided in respective designated areas, with separate 
eating spaces for the treatment and the control groups far apart from 
each other to minimize the salience of the treatment and to avoid any 
interaction between the two groups while eating.

The breakfasts for the treatment group and the snacks for the control 
group were distributed around 9 am (Panel B of Fig.  2). Breakfast is 
the most suitable meal to offer as many workers skip breakfast, and 
thus, have been fasting since the previous day’s dinner. The distribution 
time was set late enough to cover all late workers, but early enough 
to prevent crowding-out at lunch. To ensure take-up, all food was 
prepared by a local restaurant following local recipes. Each participant 
spent approximately 20 to 30 min to eat the breakfast/snack. All 
participants consumed the full amount distributed at the designated 
area before returning to work. There were no leftovers to share with 
others or take home.

7 With the vast majority of the sample being Orthodox Christians, the break-
fast schedule followed the regular fasting schedules of Orthodox Christians, 
providing only vegetarian food on all Wednesdays and Fridays, and both 
vegetarian and non-vegetarian options during the Christmas and Easter fasting 
seasons.

8 The compensation offered to the control group amounted to 28% of the 
additional value of the breakfast provided to the treatment group. Although 
study budget constraints prevented us from matching the treatment value, 
the 10 USD transfer to control workers was still substantial—equivalent to 
approximately 9 days of wages. Moreover, the treatment was blinded, making 
it difficult for control group workers to accurately estimate the value of the 
nutrition support.
4 
It is worth noting that the way in which the nutrition support pro-
gram is delivered may generate ancillary effects. For example, workers 
in the treatment group may experience greater camaraderie from eating 
together or feel more valued by the employer, potentially reducing 
stress or changing behavior independent of the additional calories 
or nutrients consumed. While we cannot fully isolate the nutritional 
mechanism from these social mechanisms, we aimed to minimize such 
concerns by ensuring that both treatment and control groups eat in 
similar social settings.

3. Data

3.1. Data sources

Our primary data sources are: (1) baseline and follow-up surveys, 
(2) lab-in-the-field experiment data measuring behavioral outcomes, 
and (3) farm administrative data including daily productivity and 
attendance records.

The baseline survey collected a wide range of information, in-
cluding demographic and socioeconomic background, nutrition and 
health-related variables, as well as assessments of motor skills, an-
thropometry, economic decision-making, and cognitive skills. A similar 
endline survey was administered at the end of the intervention period.

To measure behavioral outcomes, we conducted lab-in-the-field ex-
periments. The behavioral lab experiment schedule, detailed in Figure 
A5, involved multiple rounds of data collection, including baseline 
and endline surveys, with some behavioral outcomes assessed weekly 
to capture temporal dynamics of the treatment effect (Fig.  2). The 
behavioral outcomes collected weekly are: (1) stress measured by the 
positive and negative affect score; (2) prosocial outcomes from dictator, 
ultimatum and trust games; (3) cooperation outcomes using the partner 
sorting game and search game; (4) attention measured by individual 
sorting game.9 Weekly games or tasks were scheduled on varying days 
of the week to mitigate potential day-specific effects.

In addition, farm administrative data provided information on indi-
vidual worker performance on a daily basis, collected through green-
house and packhouse supervisors. In particular, they recorded the 

9 Lab experiments were not conducted in week 9 of the intervention due 
to political protests nearby the study site.
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Table 1
Summary of main outcomes.
 Outcome category Outcomes measured Frequency  
 First stage outcomes
 Nutrition 24-hour dietary recall - Caloric intake and dietary diversity from 24-h dietary recall Baseline 

Endline 
 

 Household food 
consumption

- Household dietary diversity score 
- Household food expenditures

 

 Behavioral outcomes
 Stress Emotional state - Positive, and negative affect scores from the positive and negative Affect schedule Weekly  
 Emotional stability - Changes over time in the above scores  
 Prosocial behaviors Dictator Game 

Ultimatum Game
- Amount shared and whether fair offer in DG as measures of generosity and fairness 
- Amount shared, whether fair offer, and whether rejected offer in UG

Weekly  

 Trust Game - Amount shared to recipient as a measure of trust 
- Amount shared back to allocator as a measure of reciprocity

Weekly  

 
Cooperation

Team sorting game - Time taken 
- Number of errors

Weekly  

 Help given time - Number of minutes spent on helping other’s tasks in the workplace. Daily  
 Inter-colleague 

Cooperation
- Assessment received by other colleagues working in the same greenhouse/packhouse 
on how cooperative the worker is in the workplace

Baseline 
Endline

 

 Attention Individual sorting 
game

- Time taken 
- Number of errors

Weekly  

 Search game - Time taken 
- Number of errors

Baseline 
Endline

 

 Physical function and productivity outcomes
 Physical function Motor function - Gross motor skills 

- Fine motor skills
Baseline 
Endline

 

 Anthropometry - Body mass index (BMI) Baseline 
Endline

 

 Labor productivity Attendance - Daily attendance Daily  
 Productivity measures 

by positions
- Greenhouse workers: Number of flowers harvested 
- Packhouse workers: Number of flower stems sorted/bunched

Daily  
number of flowers each worker harvested, sorted, or bunched per day, 
as well as measures of cooperation with other workers. Attendance 
records and information on breakfast consumption were also collected.

3.2. Outcome variables

Table  1 summarizes the nutritional, behavioral, and productivity 
outcomes and their respective data collection frequencies, and Ap-
pendix B provides a detailed description of the behavioral outcomes 
measurement.

To evaluate the impact of our intervention on total nutritional 
intake, we collected several outcomes related to nutrition. First, we 
conducted the 24-h dietary recall to analyze overall caloric intake and 
dietary diversity at baseline before the intervention and on the last 
week of the intervention.10 We also collected household-level food con-
sumption and expenditure information to calculate household dietary 
diversity score (HDDS)11 and weekly household food expenditure.

10 We calculate the dietary diversity score (DDS) following the definition 
for women’s dietary diversity score which is based on the consumption of 
the following ten food groups: (1) Grains, roots, and tubers; (2) Pulses; (3) 
Nuts and seeds; (4) Dairy; (5) Meat, poultry, and fish; (6) Eggs; (7) Dark leafy 
greens and vegetables; (8) Other vitamin A-rich fruits and vegetables; (9) other 
vegetables; and (10) other fruits (FAO and FHI 360, 2016). Minimum dietary 
diversity (MDD), following the definition for minimum dietary diversity for 
women, measures whether at least five out of ten food groups were eaten in 
the past 24 h, predicting micronutrient adequacy. While originally validated 
for women, these measures can be used to assess dietary diversity in men, 
given the lack of a validated metric for men. Studies have shown that the 
DDS and MDD for women performs well in predicting micronutrient adequacy 
in men as well (Gómez et al., 2024; Marla and Padmaja, 2023; Singh et al., 
2020).
11 The HDDS is the number of food groups consumed by a household over 
the past week out of the following 12 food groups: (1) cereals, (2) roots and 
tubers, (3) vegetables, (4) fruits, (5) meat and poultry, (6) eggs, (7) fish and 
5 
Within each domain of behavioral outcomes, we have several out-
come measures. To measure stress or emotional state, we used the 
Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) 
which is widely used in the psychological and behavioral economics 
literature to assess emotional state. We also examine change rates in 
PANAS to examine emotional fluctuations.

As a measure of prosocial behaviors, we employed the Dictator 
Game (DG) and the Ultimatum Game (UG) to measure fairness and 
generosity, and the Trust Game (TG) to measure the degree of trust and 
reciprocity. All DG, UG, and TG involved an allocator and a receiver, 
in which the allocator was asked to allocate 100 birr between herself 
(allocator) and the other worker (receiver). Both workers learned about 
their outcomes after the allocator made the decision.

In the DG, the allocator could freely allocate 100 birr between 
herself and the receiver, and the receiver had no choice but to accept 
the allocated amount (Forsythe et al., 1994). The outcomes measured in 
this game are: (1) the amount allocator shared with the receiver and (2) 
whether the shared amount was fair (50 or more). In the UG, when the 
allocator makes the offer, the receiver could accept or reject the offer. 
If the offer is accepted, the offer would take place as proposed, but if 
rejected, both would earn nothing (Güth et al., 1982). The outcomes 
measured in this game are: (1) the amount allocator shared with the 
receiver, (2) whether the shared amount was fair (50 or more), and 
(3) whether the receiver rejected the offer. In the TG, the amount 
offered to the receiver was tripled, while the amount the allocator 
kept retained the same value. After receiving the tripled amount, the 
receiver could give some amount back to the allocator (Berg et al., 
1995). The outcomes measured in this game are: (1) the amount 
allocator shared with the receiver as a measure of trust, (2) whether 
the shared amount was fair (50 or more), and (3) the proportion of the 
tripled amount reciprocated as a measure of reciprocity.

seafood, (8) pulses, legumes, and nuts, (9) milk and milk products, (10) oils 
and fats, (11) sugar and honey, and (12) spices and condiments.
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The allocator and receiver pairs were assigned randomly in all 
games each time the games were conducted. The games were conducted 
weekly on different days of the week. A limitation is that these ques-
tions were asked hypothetically and not incentivized, introducing the 
possibility of hypothetical bias. While some studies find no significant 
bias in mean responses (Camerer and Hogarth, 1999; Mentzakis and 
Mestelman, 2013), a meta-analysis of dictator games finds that hypo-
thetical games lead to slightly higher allocations, though the differences 
are modest and hypothetical responses remain a reasonable proxy for 
actual behavior (Engel, 2011).

Also, to measure workers’ cooperation, greenhouse supervisors
recorded the length of time each worker spent in helping other workers 
during work. Inter-colleague assessment of other workers’ cooperation 
levels was also administered at baseline and twice at follow-up.

Attention span was measured using standardized tasks employed 
in the economics and psychology literature such as a variant of the 
Concentration Endurance Test which allowed for estimating individual 
attention and concentration performance (Bates and Lemay, 2004; 
Grant and Berg, 1948). Tailoring the game to the field context, the 
game involved sorting a bowl of beans into sets of 10. This task is 
similar to the sorting and bunching task of flowers at work that require 
close attention. In addition, a search game was administered at baseline 
and endline, which is similar to a word search game but with figures.

We use the gross and fine motor skills test scores and worker’s BMI 
as measures of physical function.12 Productivity outcomes included the 
level of output and labor supply. Level of output is measured by the 
number of roses processed.13 We use daily attendance records of each 
worker as a measure of labor supply.

Other outcomes we examine are measures of economic decision-
making, using results from the double-oral auction game in which 
participants are assigned roles as buyers/sellers, and trade in a simu-
lated market given a price/cost schedule (Appendix B). The outcome 
measures are total profit gained from the auction of three consecu-
tive rounds, whether the participant transacted when she should have 
transacted at equilibrium given her price/cost schedule (i.e., efficient 
transaction), as well as whether transacted when she should not have 
(i.e., inefficient transaction).

All outcomes explained above were pre-specified as primary out-
comes in the AEA RCT Registry, with the exception of the dictator, 
ultimatum, and trust game measures, which were pre-specified as 
secondary outcomes (Park and Kim, 2017).

3.3. Study sample and randomization balance

Our main study sample consists of workers employed at the flori-
culture farm for at least one month. Typically, they work eight-hour 
shifts, from 7 am to 4 pm with a one-hour lunch break, five days a 
week (Panel B of Fig.  2), earning 30 Ethiopian Birrs per day (equivalent 
to approximately 1.30 US dollars), paid every two weeks.14 Table 
2 presents summary statistics for the treatment (Column 2) and the 
control groups (Column 3), and the difference between control and 
treatment groups (Columns 4 and 5).

Panels A depicts respondent characteristics at baseline, and Panel 
B summarizes key outcome variables at baseline. On average, workers 
in our sample are 26 years old, 84% being female. 31% are married, 

12 The motor test was conducted using the Bruininks-Oseretsky Test of 
Motor Proficiency, Second Edition (BOT-2) which measures motor skills in the 
following eight areas: fine motor precision, fine motor integration, manual 
dexterity, bilateral coordination, balance, running speed and agility, upper-
limb coordination, and strength. We aggregate the scores from these eight 
areas into fine motor test scores and gross motor test scores as outcomes.
13 The number of roses processed is a combination of number of roses 
harvested for greenhouse workers and the number of roses sorted and bunched 
for packhouse workers, standardized at the greenhouse and packhouse levels.
14 Based on the exchange rate of 23 birr = 1 US dollar in 2017.
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and are from households averaging 2.7 individuals. Education levels 
are modest, with workers having about 4 years of schooling. The total 
monthly household income averages 1329 ETB (equivalent to about 
48 USD). The diet diversity score averages 3.2 food groups per day, 
which is lower than the cutoff of five food groups for MDD, with 
an average daily caloric intake of 1946 calories.15 The prevalence of 
anemia among floriculture workers (17%) exceeds that of women in 
neighboring communities (11%) (EWEDP Project, 2015), though lower 
than the global prevalence of anemia (24.3%) (Gardner et al., 2023). 
Column 4 confirms successful randomization. Out of 39 difference-in-
means tests, three differences are statistically significant at the 5% 
level, indicating overall balanced baseline characteristics.

As shown in Panel C, the attrition rate is 1% for the follow-up 
survey, balanced across treatment and control. Attrition rates for daily 
behavioral and productivity data are 20.3% and 14.7%, respectively. 
We illustrate attrition by week of outcome measurement for the be-
havioral and productivity data, which shows that there is no particular 
week in which many people exit (Figure A6). We find statistically 
significant differential attrition rate of 4.2 percentage points by treat-
ment status for productivity data. To address this, we control for 
continued employment at the farm in all regressions. Additionally, for 
productivity outcomes, we mitigate attrition concerns by calculating 
Lee bounds (2009).

4. Estimation strategy

In this section, we outline the estimation approach to estimating 
the treatment effect on various outcomes. Our basic treatment effects 
specification, using both baseline and endline data, employs analysis of 
covariance (ANCOVA) expressed by the following equation: 
𝑦𝑖𝑗1 = 𝛽0 + 𝛽1𝑇 𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑗 +𝑋′

𝑖𝑗0𝛤 + 𝛿𝑦𝑖𝑗0 + 𝜃𝑗 + 𝜀𝑖𝑗 (1)

where 𝑦𝑖𝑗1 is the outcome of interest for individual 𝑖 working in green-
house or packhouse 𝑗 at endline (𝑡 = 1). The binary variable 𝑇 𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖
equals 1 if the participant was assigned to the treatment group and 
0 otherwise. 𝛽1 represents the effect of being assigned to the treat-
ment arm. 𝑋𝑖𝑗0 is a vector of individual 𝑖’s characteristics, including 
demographic variables (e.g., age, marital status, and household size) 
and socioeconomic status (e.g., level of education, household income, 
and asset index) at baseline (𝑡 = 0). Additionally, baseline levels of 
the outcome variables, 𝑦𝑖𝑗0, are controlled for to improve statistical 
power (Mckenzie, 2012), along with whether the individual continued 
working at the farm during the study period. The regression includes 
greenhouse/packhouse fixed effects, 𝜃𝑗 , and 𝜀𝑖𝑗 denotes the unobserved 
error term which is assumed to be serially uncorrelated. The outcome 
variable, 𝑦𝑖𝑗𝑡, encompasses the participant’s nutritional, behavioral, and 
labor productivity outcomes. For daily/weekly data, we additionally 
control for time (day/week) fixed effects, with standard errors clustered 
at the level of randomization (individual).16

Furthermore, we examine the temporal dynamics of the treatment 
effect by estimating following pooled OLS regression equation: 

𝑦𝑖𝑗𝑡 = 𝛽0 +
12
∑

𝑘=1
𝛽𝑘1

(

𝑇 𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑗 × [𝑡 = 𝑘]
)

+𝑋′
𝑖𝑗0𝛤 + 𝛿𝑦𝑖𝑗0 + 𝜃𝑗 + 𝛼𝑡 + 𝜀𝑖𝑗𝑡 (3)

where 𝑦𝑖𝑗𝑡 denotes the outcome measures for individual 𝑖 for 𝑡 =
0,… , 12, where 𝑡 = 0 is the measure at baseline, 𝑡 = 1 the first week 

15 Recommended caloric intake for individuals aged 25–26 with a BMI 
of 20 ranges from 2200–2400 kcal/day for moderately active women and 
2800–3000 kcal/day for moderately active men (FAO/WHO/UNU, 2001; 
USDA and HHS, 2020).
16 We estimate the following pooled ordinary least squared (OLS) regression 
for daily/weekly data: 
𝑦𝑖𝑗𝑡 = 𝛽0 + 𝛽1𝑇 𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑗 +𝑋′

𝑖𝑗0𝛤 + 𝛿𝑦𝑖𝑗0 + 𝜃𝑗 + 𝛼𝑡 + 𝜀𝑖𝑗𝑡, (2)
where 𝛼  denotes time fixed effects.
𝑡
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Table 2
Baseline characteristics and balance check.
 (1) (2) (3) (4) (5)  
 Obs. Treatment Control Mean differences
 Mean Mean C - T Standard error 
 Panel A. Respondent Characteristics  
 Age  347  25.37  25.95  0.584  (0.951)  
 Female  347  0.809  0.862  0.053  (0.040)  
 Married  347  0.324  0.305 −0.019  (0.050)  
 Household size  347  2.717  2.621 −0.096  (0.178)  
 Years of schooling  347  4.410  3.891 −0.520  (0.453)  
 Total household income (Ethiopian Birr)  347  1324  1333  9.405  (91.96)  
 Asset indexa  347  0.090 −0.089 −0.179  (0.183)  
 Whether have land  347  0.069  0.040 −0.029  (0.024)  
 Number of livestock  347  1.578  0.690 −0.888  (0.524)  
 Panel B. Outcome Variables  
 Dietary diversity score (1–10)  347  3.216  3.191 −0.026  (0.076)  
 Caloric intake/day  341  1943  1946 −3.487  (60.83)  
 Stress Indexa  694  0.375  0.389  0.014  (0.062)  
  Positive affecta  347 −0.651 −0.727 −0.076  (0.069)  
  Negative affecta  347  0.096  0.048 −0.047  (0.091)  
 Prosociality indexa  2276 −0.254 −0.303 −0.049  (0.053)  
  Dictator game: amount shared (out of 100)  344  43.08  41.15 −1.930  (1.494)  
  Dictator game: whether fair offer  344  0.686  0.634 −0.052  (0.051)  
  Ultimatum game: amount shared (out of 100)  344  43.90  44.62  0.721  (1.443)  
  Ultimatum game: whether fair offer  344  0.651  0.669  0.017  (0.051)  
  Ultimatum game: whether rejected offer  344  0.099  0.093 −0.006  (0.032)  
  Trust game: amount shared (out of 100)  333  43.75  46.64  2.886  (1.509)  
  Trust game: proportion shared in response  324  0.486  0.431 −0.055∗∗  (0.017)  
 Cooperation Indexa  1167 −0.472 −0.428  0.043  (0.066)  
  Team sorting game: Number of errors  311  4.389  3.968 −0.421  (0.425)  
  Team sorting game: Time taken (second)  311  170.8  168.5 −2.264  (5.041)  
  Help given during work (minute, greenhouse)  252  0.369  0.307 −0.063  (0.110)  
  Inter-colleague cooperation assessmenta  293 −0.245 −0.274 −0.029  (0.080)  
 Attention indexa  1110 −0.597 −0.430  0.167  (0.091)  
  Sorting game: Number of errors  333  11.78  4.596 −7.188∗∗∗  (1.700)  
  Sorting game: Time taken (second)  333  278.3  298.0  19.64  (11.16)  
  Search game: Number of errors  231  2.316  3.904  1.587  (0.989)  
  Search game: Time taken (second)  229  366.8  390.4  23.60  (24.87)  
 Physical Function indexa  1041  0.014 −0.014 −0.028  (0.062)  
  Fine motor testa  347  0.095 −0.094 −0.189  (0.107)  
  Gross motor testa  347 −0.010  0.009  0.019  (0.108)  
  Body mass index  347  19.85  20.06  0.212  (0.264)  
 Productivity Indexa  5400  0.094  0.096  0.002  (0.020)  
  Number of roses processeda  1944 −0.075 −0.123 −0.047  (0.025)  
  Attendance rate  3456  0.898  0.910  0.011  (0.010)  
 Panel C. Attrition  
 Follow-up survey attrition  347  0.012  0.000 −0.012  (0.008)  
 Behavioral games attrition  
  Stress  2996  0.148  0.127 −0.021  (0.013)  
  Prosociality  5435  0.209  0.189 −0.020  (0.011)  
  Cooperation  3034  0.256  0.232 −0.024  (0.016)  
  Attention  2681  0.255  0.224 −0.031  (0.016)  
 Productivity data attrition  26,235  0.170  0.128 −0.042∗∗∗  (0.004)  
Notes: This table reports mean of selected variables at baseline and attrition. Columns 1–3 show a summary of the treatment and the control groups. Column 4 and 5 report mean 
difference and standard error from test of mean differences between treatment (T) and control (C). ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
a Standardized.
of the intervention, and 𝑡 = 11, 12 at follow-up. [𝑡 = 𝑘] is an indicator 
variable for the 𝑘th week of the intervention. This specification will 
allow for the inference of the treatment effect for each week following 
baseline.

To address multiple hypotheses testing, we adopt two approaches. 
First, we compute summary indices by grouping behavioral outcome 
measures into domains and compute an average standardized treat-
ment effect (ASTE) for several outcome variables within each domain 
(Finkelstein et al., 2012; Kling et al., 2007). Taking measures of stress 
as an example, we group the positive affect score (redefined so that 
higher values imply greater stress), negative affect score, and absolute 
change rate of the positive and negative affect scores into one domain 
and compute the z-score for each outcome in this domain. Then, we 
stack the standardized outcomes for all outcomes within this domain 
and estimate a single pooled OLS regression equation, while clustering 
standard errors at the individual level to estimate the ASTE. Where 
data frequency differs by outcome within a domain, we run a weighted 
7 
pooled OLS regression to account for differences in frequency. Second, 
we account for multiple hypotheses testing within each domain by 
reporting adjusted p-values which control the family-wise error rate 
(FWER) using a step-down resampling procedure (Westfall and Young, 
1993).

5. Results

5.1. Nutrition support take-up and crowding out

We first examine whether the nutrition support program improves 
overall nutritional intake and assess the possibility of crowding out. 
Panels A and B of Fig.  3 show that caloric intake improves across the 
entire distribution for the treatment group compared to the control 
group. Corresponding regression results in Panel A of Table  3 confirm 
that the treatment group consumed more nutrition in both quantity 
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Fig. 3. Distribution of daily caloric intake at baseline and endline.
Notes: This figure shows kernel density graphs of caloric intake at the baseline survey conducted before the intervention (Panel A), and at the endline survey 
conducted on the last week of the intervention (Panel B).
and quality. On average, workers in the treatment group received 
breakfasts 33.8 times, corresponding to an 82.1% take-up rate (Column 
1), and consumed an additional 223 calories per day compared to the 
control group (Column 2), indicating that the intervention equivalent 
to approximately 500 calories per day was not fully crowded out. This 
represents a substantial increase, given that many studies find evidence 
of complete crowding out either by reducing other meals for the same 
individual or redistributing nutrition within the household, leading 
to no net improvement in overall nutrition (Behrman and Hoddinott, 
2005; Edmonds and Pavcnik, 2005; Jacoby, 2002). Dietary quality 
also improved, with dietary diversity increasing by 0.16 food groups 
(Column 3), and the proportion of workers meeting the minimum 
dietary diversity standard rising by 5.4 percentage points (Column 4). 
These improvements were driven by increased consumption of animal-
source foods (Columns 5–8), which are nutrient-dense food groups 
often lacking in this population’s diets.

We also find evidence of improvements in dietary quality at the 
household level, as shown in Panel B of Table  3. HDDS increased by 
0.6 food groups in the treatment group, driven by increased intake of 
fruits, eggs, and dairy products (Columns 1–5). Column 6 indicates that 
there were some limited crowding out. The reduction in total household 
weekly food expenditure accounted for only 26% of the total weekly 
value of the breakfasts provided.17

17 The decrease in household weekly food expenditure by 32 birr is 26% of 
the total weekly cost of the nutrition support per person, which was 125 birr.
8 
5.2. Effects on behavioral outcomes

Having established that nutrition support improved workers’ nutri-
tional intake, we now examine its effects on behavioral outcomes. Most 
behavioral outcomes were collected in high frequency, enabling the 
analysis of weekly effects and their temporal dynamics (Figs.  4, A7, 
A8, A10, and A11). Each figure reports both the overall treatment effect 
pooling all weeks and the treatment effect for each specific week. Note 
that weeks 1 to 10 fall within the intervention period, while weeks 11 
and 12 cover the period post-intervention.

Overall findings
We first show the impacts on four summary indices of behavioral 

outcomes in Table  4, which are the estimates of the ASTE in each 
behavioral domain as described in Section 4. Column 1 of Table  4 
reports that the intervention reduced workers’ stress levels by 0.23 
SDs (95% CI: −0.275 to −0.181), suggesting a precisely estimated 
and economically meaningful reduction. Prosociality decreased by 0.06 
SDs (95% CI: −0.115 to −0.009), indicating a modest but statistically 
significant effect. The impact on cooperation is smaller and imprecisely 
estimated, at −0.03 SDs (95% CI: −0.062 to 0.012). We find a decrease 
in attention by 0.08 SDs (95% CI: −0.175 to 0.013), but the wide con-
fidence interval suggests uncertainty about the magnitude. Subsequent 
tables (Tables  5–8) detail the impacts on the components of each index, 
with summary index reproduced in the first column.
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Table 3
Effects on intervention take-up and crowding-out.
 Panel A. Worker-level nutrition outcomes
 Variables (1) (2) (3) (4) (5) (6) (7) (8)  
 Number of times eaten 

farm breakfast
Caloric intake/day DDS (0–10) MDD Whether worker consumed

 Dairy Meat & fish Eggs Vit-A-rich fruits & veg 
 Treatment 33.84∗∗∗ 222.9∗∗∗ 0.159∗ 0.054∗ 0.055∗∗ 0.066∗ 0.078∗∗∗ −0.013  
 (0.967) (64.43) (0.088) (0.030) (0.027) (0.034) (0.026) (0.023)  
 Observations 347  336 341 341 347 347 347 347  
 R-squared 0.821 0.143 0.145 0.172 0.137 0.181 0.188 0.100  
 Control mean 0.000 2060 3.098 0.052 0.035 0.081 0.023 0.052

 Panel B. Household-level nutrition outcomes
 Variables (9) (10) (11) (12) (13) (14)  
 HDDS (0–14) Whether household consumed Household food expenditure 
 Dairy Meat & fish Eggs Fruits  
 Treatment 0.616∗∗∗ 0.098∗∗∗ 0.063 0.176∗∗∗ 0.210∗∗∗ −31.98∗  
 (0.172) (0.036) (0.046) (0.048) (0.054) (17.81)  
 Observations 345 345 345 345 345 345  
 R-squared 0.182 0.164 0.176 0.158 0.167 0.095  
 Control mean  6.793  0.075  0.195  0.144  0.259  210.99  
Notes: This table reports treatment effects on worker-level (Panel A) and household-level (Panel B) nutritional outcomes to assess intervention take-up and crowding out. Column 
1 shows results on the number of times the treatment group ate the nutrition support breakfast with control group fixed at zero. Column 2 presents results on daily caloric intake 
from 24-h recall. Columns 3 and 4 report dietary diversity score (DDS) and whether met the minimum dietary diversity score (MDD). Columns 5–8 report whether the worker 
consumed dairy products, meat and fish, eggs, or vitamin-A-rich fruits and vegetables in the past day. Columns 9–13 show results on the household dietary diversity score (HDDS) 
and whether the household consumed dairy products, meat and fish, eggs, or fruits in the past week. Column 14 reports effects on total household weekly food expenditures. All 
columns use ANCOVA using baseline and endline data with robust standard errors in parentheses (Eq.  (1)). ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
Table 4
Effects on summary indices.
 Variable (1) (2) (3) (4) (5) (6)  
 Stress index Prosociality index Cooperation index Attention index Physical function index Productivity index 
 Treatment −0.228∗∗∗ −0.062∗∗ −0.025 −0.081∗ −0.022 0.008  
 (0.024) (0.027) (0.019) (0.048) (0.058) (0.022)  
 Observations 8952 13,001 18,066 3836 1029 37,444  
 R-squared 0.025 0.041 0.111 0.130 0.208 0.064  
 Control mean 0.085 0.072 0.044 0.235 −0.012 0.024  
Notes: This table reports summary indices of behavioral, physical, and productivity outcomes using average standardized treatment effect described in Section 4. Columns 1 to 4 
present results on summary indices that aggregate outcomes reported in Tables  5 to 8 respectively. Columns 5 and 6 present results on summary indices that aggregate outcomes 
reported in Panel A and Panel B of Table  9, respectively. All columns use pooled OLS regression using outcomes measured from week 1 to week 12, controlling for week fixed 
effects with robust standard errors clustered at the individual level in parentheses (Eq.  (2)). ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
Table 5
Effects on behavioral outcomes: Stress.
 Variable (1) (2) (3) (4) (5)  
 Stress index Emotional state Emotional stability
 Positive affect Negative affect Positive affect Negative affect 
 (standardized score) (absolute change rate)
 Treatment −0.228∗∗∗ 0.260∗∗∗ −0.131∗∗∗ −0.252∗∗∗ −0.077∗∗  
 (0.024) (0.039) (0.045) (0.024) (0.030)  
 {0.000} {0.013} {0.000} {0.016}  
 Observations 8952 2238 2238 2238 2238  
 R-squared 0.025 0.114 0.066 0.073 0.025  
 Control mean 0.085 −0.020 0.062 0.589 0.713  
Notes: This table reports effects on stress measured by emotional state and stability. Column 1 presents effects on the stress index which is an average standardized treatment 
effect of outcomes in Columns 2–5. Columns 2 and 3 report effects on standardized positive and negative affect levels as measures of emotional state from PANAS scores. Columns 
4 and 5 report effects on absolute change rates of the PANAS scores as measures of emotional stability. All regressions include a standard set of controls. All columns use pooled 
OLS regression using outcomes measured from week 1 to week 12, controlling for week fixed effects with robust standard errors clustered at the individual level in parentheses 
(Eq.  (2)). The Westfall–Young FWER-adjusted p-value in curly brackets. ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
Stress
First, we examine treatment effects on stress measured by emotional 

state and stability (Table  5). Columns 2 and 3 present the effects on pos-
itive and negative emotional states measured by PANAS, respectively. 
We find that nutrition support leads to improved emotional state or 
9 
mood characterized by increased positive affect and decreased negative 
affect (Columns 2 and 3). Columns 4 and 5 show effects on emotional 
fluctuations or mood swings measured by changes in PANAS. Our 
findings indicate that nutritional support resulted in less fluctuations 
in both positive and negative affect, suggesting an improvement in 
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Fig. 4. Weekly treatment effects.
Notes: This figure presents weekly treatment effects on the stress index (Panel A), prosociality index (Panel B), cooperation index (Panel C), attention index (Panel 
D), and the productivity index (Panel E). In each panel, the first blue dot shows treatment effects on the index (average standardized treatment effects) over all 
weeks, estimated using Eq. (2). The subsequent green dots represent weekly effects on the index, estimated using Eq. (3). The red vertical lines indicate 95% 
confidence intervals.  (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
emotional stability. These findings collectively suggest that nutrition 
support improved both emotional state and stability.

The effects on emotional states exhibit a distinct pattern over time 
(Panel A of Figs.  4 and A7). Positive(negative) affect gradually in-
creases(decreases) until week 7, but this effect dissipates thereafter 
(Figs.  4 and A7). This pattern illustrates a case of hedonic adaptation 
which is a tendency of humans to quickly return to a relatively stable 
emotional state despite major positive or negative events (Frederick 
and Loewenstein, 1999). While empirical evidence on hedonic adapta-
tion has centered around life events or circumstantial changes such as 
divorce, death of a spouse, unemployment, disability, and public policy, 
we demonstrate that hedonic adaptation tendencies also apply to nutri-
tion support (Loewenstein and Ubel, 2008; Lucas, 2005; Lyubomirsky, 
2011; Ubel et al., 2005).
10 
Prosocial behaviors
We assess impacts on various aspects of prosocial behaviors, includ-

ing generosity, fairness, trust, and reciprocity. Table  6 presents results 
on DG, UG, and TG. We find that workers in the treatment group exhibit 
more self-interest and less fairness compared to the control group, a 
pattern consistent across various measures—i.e., they allocate less to 
their partner and more likely to allocate less than half compared to 
the control group (Columns 2–5). While these estimates are statistically 
significant, the effect sizes are modest: the reductions in amount shared 
are −1.923, −0.968, and −1.315 birr for the dictator, ultimatum, and 
trust games, respectively, which corresponds to 2%–4% lower alloca-
tions relative to control means. These magnitudes are comparable to 
those found in other studies. For example, a large change in endowment 
rights, such as having an own earned property right, led to allocations 
about 20% lower than the control mean (Jakiela, 2015). In more 
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Table 6
Effects on behavioral outcomes: Prosocial Behaviors.
 Variable (1) (2) (3) (4) (5) (6) (7) (8)  
 Pro-sociality 

index
Dictator game Ultimatum game Trust game

  Amount shared  Fair offer  Amount shared  Fair offer  Rejected offer  Amount shared  Amount shared in 
response (prop.)

 

 Treatment −0.062∗∗ −1.923∗∗∗ −0.047∗∗ −0.968∗∗ 0.004 0.035∗∗∗ −1.315∗∗ 0.027∗∗∗  
 (0.027) (0.650) (0.023) (0.440) (0.015) (0.012) (0.599) (0.007)  
 {0.034} {0.135} {0.135} {0.782} {0.031} {0.135} {0.001}  
 Observations 13,001 1900 1900 1899 1899 1899 1777 1727  
 R-squared 0.041 0.122 0.110 0.047 0.062 0.036 0.114 0.059  
 Control mean 0.072 46.474 0.811 49.037 0.879 0.045 47.794 0.461  
Notes: This table reports effects on prosocial behaviors measured from the dictator game (DG), ultimatum game (UG), and trust game (TG). Column 1 presents effects on the 
prosociality index which is an average standardized treatment effect of outcomes in Columns 2–8. Columns 2–5 show effects on amount shared (a measure of generosity) and 
whether made a fair offer (a measure of fairness) from DG and UG. Column 6 reports effects on whether the receiver rejected offer in the UG. Columns 7 and 8 show effects on 
amount shared (a measure of trust) and the proportion of the amount shared in response by the receiver (a measure of reciprocity), respectively. All regressions include a standard 
set of controls. All columns use pooled OLS regression using outcomes measured from week 1 to week 12, controlling for week fixed effects with robust standard errors clustered 
at the individual level in parentheses (Eq.  (2)). The Westfall–Young FWER-adjusted p-value in curly brackets. ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
comparable interventions, such as early childhood education, the treat-
ment group allocated 2%–3% less than the control group (Cappelen 
et al., 2020). While their estimates were not statistically significant, 
our high-frequency data allow us to detect significant effects of similar 
magnitude.

Also, the treatment group was more likely to reject an offer by 3.5 
percentage points (Column 6). In the TG, as with DG and UG, workers 
in the treatment group allocated less to their partner, indicating lower 
levels of trust (Column 7). However, in the second step of TG, the 
treatment group reciprocated in greater amounts, reflecting a higher 
degree of reciprocity or trustworthiness (Column 8). Our findings align 
with experimental studies that find no or a negative relationship be-
tween nutrition and prosociality, contrary to the belief that hunger 
undermines prosociality (Häusser et al., 2019; Rantapuska et al., 2017).

There are several possible explanations for why nutrition support 
decreases prosocial behaviors. One explanation relies on the idea that 
prosocial behaviors are more likely to depend on incentive-related 
motives than altruism (Ligon and Schechter, 2012). In this view, proso-
ciality is motivated by risk-sharing or reciprocity (Fafchamps, 1992; 
Townsend, 1994). Applying this to our setting, the workers in the 
treatment group may have become more self-sufficient with nutrition 
support, which would have in turn diminished the incentive to share 
as a mechanism of risk-sharing.

Another potential explanation is that nutrition support gives greater 
psychological bandwidth, helping workers to make a more welfare-
enhancing choice. However, this argument is not fully supported as we 
do not find evidence on increased attention (Table  8).

A less likely explanation is based on the fact that all pairs of 
allocator and recipient in the prosocial games were formed within 
the same treatment or control group. Thus, allocators of prosocial 
games in the control group may have exhibited higher other-regarding 
preferences towards untreated control group recipients. In other words, 
out of empathy of not receiving the nutrition support, the control group 
may have acted more altruistically to other control group workers, 
as evidenced in studies on recipient deservingness that find recipient 
opportunity matters for allocator behavior (Engel, 2011; Cherry and 
Shogren, 2008). Although we are not able to test this using prosociality 
outcomes, as all games were played within the same group, we do 
not find evidence for greater other-regarding preferences in the control 
group using cooperation measures at work—the control group did not 
necessarily assess other control group workers more favorably nor help 
each other more than treatment group workers (Figure A9).

Panel B of Figs.  4 and A8 summarizes the weekly treatment effects 
on various measures of prosocial behaviors. In the DG, while there is 
high variance, we find that workers in the treatment group initially 
shared less than the control group, but this difference gradually dis-
appears over time (Panel A of Figure A8). This pattern also applies to 
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amount shared in the UG (Panel B of Figure A8). Further, the tendency 
of the treatment group to reject an offer gradually decreases as well 
(Panel B of Figure A8). The second figure of Panel C in Figure A8 
shows that the treatment group reciprocates more, reflecting higher 
trustworthiness, but this effect also goes away after week four.

Cooperation
Table  7 shows measures of cooperation, including performance in 

team sorting games and help received or given during work among 
greenhouse workers. We do not find effects on cooperation measured 
by number of errors made and time taken in team sorting games 
(Columns 2 and 3). Similarly, the length of time spent providing help to 
other workers did not differ between the treatment and control groups 
(Columns 4). We also find no effects on inter-colleague cooperation 
assessment scores received. This result suggests that decreased proso-
ciality is not necessarily linked to decreased cooperation, consistent 
with the findings of Dreber et al. (2014) that shows no relation-
ship between altruism and cooperation in the context of repeated 
interactions.

Regarding the weekly treatment effects on team sorting tasks, the 
treatment group performs better in the first four weeks, completing 
the task in shorter time with fewer errors, but this effect not only 
disappears but even reverses in some later weeks (Panel C of Figs.  4 
and A10). Consequently, pooling all of the weeks together, we find no 
effects on team sorting task performance.

Attention
We do not find evidence for a positive relationship between nutri-

tion and attention using individual performance in sorting and search 
games. As shown in Table  8, we find that both the number of errors 
made and the time taken to complete the sorting task were higher for 
the treatment group (Columns 1 and 2). However, we find that the 
treatment had no effect on search game results.

Panel D of Figs.  4 and A11 shows weekly effects on workers’ 
performance on individual sorting tasks. Similar to the team sorting 
tasks, we find that the treatment group performs better in terms of time 
taken in the first couple of weeks but become similar or even worse in 
some later weeks.

Overall, we find significant effects on psychosocial measures such as 
emotional well-being and prosociality, but do not find effects on behav-
ioral outcomes involving real effort or decision-making.18 Our findings 
are in line with other recent papers showing that income does not 

18 We also studied how nutrition support affects economic decision-making 
outcomes measured by double-oral auction games but did not find any effects 
(Table A1).
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Table 7
Effects on behavioral outcomes: Cooperation.
 Variable (1)  (2) (3) (4) (5)  
 Cooperation index Team sorting game Cooperation during work
 Number of errors Time taken (second) Help given (min) Inter-colleague cooperation 

assessment (standardized)
 

 Treatment −0.025 −0.067 −0.951 0.685 −0.056  
 (0.019) (0.089) (1.542) (1.167) (0.042)  
 {0.864} {0.864} {0.864} {0.546}  
 Observations 18,066 1924 1924 13,675 543  
 R-squared 0.111 0.294 0.408 0.175 0.225  
 Control mean 0.044 1.766 115.85 15.481 −0.267  
Notes: This table reports effects on cooperation measured by the number of errors and time taken in seconds in the team sorting task (Column 2 and 3), the length of time 
in minutes spent on helping other colleagues during work (Column 4), and inter-colleague cooperation assessment score received (Column 5). Column 1 presents effects on the 
cooperation index which is an average standardized treatment effect of outcomes in Columns 2–5. All regressions include a standard set of controls. All columns use pooled OLS 
regression using outcomes measured from week 1 to week 12, controlling for week fixed effects with robust standard errors clustered at the individual level in parentheses (Eq. 
(2)). The Westfall–Young FWER-adjusted p-value in curly brackets. ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
Table 8
Effects on behavioral outcomes: Attention.
 Variable (1) (2) (3) (4) (5)  
 Attention index Individual sorting game Search game
 Number of errors Time taken (second) Number of errors Time taken (second) 
 Treatment −0.081∗ 0.934∗∗∗ 21.810∗∗∗ 0.022 −11.200  
 (0.048) (0.189) (3.333) (0.349) (9.618)  
 {0.000} {0.000} {0.998} {0.894}  
 Observations 3836 1707 1707 212 210  
 R-squared 0.130 0.246 0.551 0.190 0.291  
 Control mean 0.235 1.599 165.53 2.860 273.46  
Notes: This table reports effects on attention measured by individual sorting and search games. Column 1 presents effects on the attention index which is an average standardized 
treatment effect of outcomes in Columns 2–5. Columns 2–3 report effects on number of errors and time taken in seconds in the individual sorting game. Columns 4–5 show effects 
on number of errors and time taken in seconds in the search game. All regressions include a standard set of controls. Columns 1–3 use pooled OLS regression using outcomes 
measured from week 1 to week 12, controlling for week fixed effects with robust standard errors clustered at the individual level in parentheses (Eq.  (2)). Columns 4–5 use 
ANCOVA using baseline and endline data with robust standard errors in parentheses (Eq.  (1)). The Westfall–Young FWER-adjusted p-value in curly brackets. ∗, ∗∗, and ∗∗∗ denote 
significance at 10%, 5%, and 1%, respectively.
have significant effects on non-monetary real-effort decision-making or 
cognitive function (Carvalho et al., 2016; Fehr et al., 2022). Regarding 
the weekly effects, we find initial effects in the first several weeks 
that eventually fade away in the longer-term effects. This illustrates a 
consistent story that we find certain effects among treated workers in 
the first several weeks, but they eventually habituated and no longer 
show such effects in both psychosocial and behavioral aspects. This 
has important implications for evidence from short-term studies and 
especially lab experiments, which tend to measure short-term effects.

Potential experimenter demand effects
It is worth noting that the results on behavioral outcomes may be 

susceptible to experimenter demand effects, which refer to changes 
in behavior by subjects of the experiment due to cues from the ex-
perimenter about what constitutes appropriate behavior or Hawthorne 
effects (de Quidt et al., 2019). Although studies show that this is not 
a major concern in most canonical experimental tasks (de Quidt et al., 
2018; Mummolo and Peterson, 2019), we conduct several exercises to 
show that this is unlikely to be a source of bias in this study.

First, when conducting the behavioral lab experiments, our protocol 
was designed such that all games or tasks are conducted within each 
treatment and control group, decreasing the salience of the treatment. 
Having the other players always be from the same treatment or control 
group obscures our interest in the nutrition treatment effect when 
participating in the games.

Second, the treatment effects on stress and prosociality have op-
posite directions—treatment group have better emotional well-being 
and are less prosocial. This is inconsistent with a simple story of 
experimenter demand effects driving our results, in which the treatment 
would both want to appear less stressed and more prosocial.
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Third, time trends of the behavioral outcome measures in treatment 
and control provide suggestive evidence that the results are not likely 
to be driven by experimenter demand effects. Figure A12 shows coef-
ficient estimates on stress and prosociality over time in both treatment 
and control relative to the omitted category which is the control group’s 
baseline measurement. We find that for stress, control group mostly 
stays flat near zero, whereas the treatment group shows movement 
towards less stress. As for prosocial behaviors, both groups grow more 
prosocial over time, with the treatment group being slightly less proso-
cial. While it would raise concerns about experimenter demand effects 
had the treatment group stayed relatively flat when only the control 
responded more prosocially, we do not find that. An important caveat 
to these explanations, however, is that trends over time are not causal, 
and there may be various factors driving the trends.

Lastly, we use the information on individuals’ degrees of agreeable-
ness, which are similar to and has a strong positive correlation with 
what the social desirability scale measures (Edwards, 1957; Brajša-
Žganec et al., 2011).19 We do not find differential treatment effects 
by baseline agreeableness (Panels A-D, Table A2), nor a significant 
difference between treatment and control workers in the agreeableness 
scale at follow-up (Panel E, Table A2).

Taken together, these findings suggest that it is unlikely that exper-
imenter demand effects might have changed respondents’ likelihood to 
systematically misreport their affect or respond differently in behav-
ioral games across the treatment and control groups. In addition, our 

19 Social desirability bias is typically measured using the Marlowe-Crowne 
Social Desirability Scale (Crowne and Marlowe, 1960). Previous studies re-
lying on self-reports use this scale to assess experimenter demand effects by 
testing whether there is differential effects of social desirability bias between 
treatment and control (Dhar et al., 2022).
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Table 9
Effects on physical function and labor productivity.
 Panel A. Physical function (1) (2) (3) (4)
 Variable Physical function index Gross motor test scores Fine motor test scores BMI

 (standardized)

 Treatment −0.022 0.045 −0.050 −0.142
 (0.058) (0.104) (0.096) (0.202)
 {0.868} {0.868} {0.868}
 
 Observations 1029 344 344 341
 R-Squared 0.208 0.283 0.347 0.397

 Control mean −0.012 −0.020 −0.030 20.276

 Panel B. Productivity (1) (2) (3)  
 Variable Productivity Index Number of roses processed (standardized) Attendance 
 Treatment 0.008 0.004 0.003
 (0.022) (0.032) (0.009)
 {0.934} {0.934}

 Observations 37,444 18,668 18,776
 R-squared 0.064 0.153 0.043

 Control mean 0.024 0.005 0.806

Notes: This table reports treatment effects on physical ability (Panel A) and productivity (Panel B). Panel A reports effects on gross and fine motor test scores (standardized), 
BMI, and self-report on whether nutrition support gave more strength. All regressions in Panel A use ANCOVA (Eq.  (1)). Panel B outcomes include the number of roses harvested, 
sorted, or packed (standardized) as a measure of productivity and attendance rate as a measure of labor supply. Columns 1 and 2 of Panel B report coefficient on pooled OLS 
regression of daily productivity or attendance data from week 1 to week 12 with standard errors clustered at the individual level (Eq.  (3)). All regressions include a standard set 
of controls. The Westfall–Young FWER-adjusted p-value in curly brackets. ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and 1%, respectively.
results are complemented by data obtained from the field such as the 
amount of time spent helping other colleagues, which we expect to be 
less susceptible to demand effects, and these results are not inconsistent 
with our lab results.

5.3. Effects on physical function and labor productivity

The summary indices on physical function (95% CI: −0.136 to 0.092 
SDs) and labor productivity (95% CI: −0.035 to 0.051 SDs) show no 
effect of the nutrition support on these areas (Columns 5 and 6 of Table 
4). The confidence intervals—particularly for labor productivity—are 
narrow and centered close to zero, allowing us to rule out even modest 
economically meaningful effects. Physical function index aggregates the 
gross and fine motor scores and BMI, and the productivity index the 
number of roses processed and attendance rate.

Physical function
Panel A of Table  9 shows that the nutrition support program had 

limited impacts on physical function measured by both fine or gross 
motor test scores (Columns 1 and 2). Although the treatment group 
reported feeling more strength and energy (Column 4), this was not 
reflected in the motor test scores or workers’ BMI (Column 3).

Labor productivity
Figure A13 shows distribution of productivity, and Fig.  5 illustrates 

productivity over time in the treatment and control groups. These 
descriptive illustrations indicate that there is largely no difference in 
productivity levels between the treatment and control groups during 
and after the intervention in terms of both distribution and levels across 
time. Panel B of Table  9 shows that the nutrition support program did 
not improve labor productivity as measured by the number of roses 
processed (harvested, sorted, or packed). Furthermore, these estimates 
are precise, with the standard error at 0.032. Therefore, we can reject 
effect sizes larger than 0.067 (= 0.004 + (0.032 × 1.96)) SDs at the 
5% significance level (Column 2).20 Further, nutrition support did not 
lead to increases in labor supply measured by daily attendance (Column 

20 In absolute terms, the control group harvest mean is 861 roses per day 
per person and we are able to capture any changes greater than 45, which is 
5% of the control group mean.
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3), which is also precisely measured. Aggregating both output levels 
and labor supply, we find a tight bound for the estimate, providing 
evidence for zero effect overall (Column 1). The null result contrasts 
with existing literature that shows a positive relationship between 
nutrition and productivity (Strauss, 1986; Croppenstedt and Muller, 
2000; Chakrabarty and Grote, 2009; Wolgemuth et al., 1982), but 
supports literature that finds no relationship (Deolalikar, 1988; Immink 
and Viteri, 1981).

Panel E of Figs.  4 and A14 present the treatment effects on labor 
productivity by week. Productivity levels slightly increase in the first 
several weeks but stagnate until week 7 for the treatment group. 
Productivity levels seem to increase in weeks 9 and 10 but they are 
not statistically significant. Towards the end of the intervention and 
thereafter, we find no effect on productivity.

To address concerns about differential attrition in the productiv-
ity data, we first conduct Lee bounds analysis. Table A3 shows that 
our productivity estimates are unlikely to be affected by differential 
attrition, with the effect confidence intervals covering zero for all 
outcomes. We then present three complementary analyses to assess 
whether attrition could reflect unmeasured productivity gains. First, 
we compare baseline characteristics between attriting and non-attriting 
workers, defining attriters as those absent for four or more consecutive 
weeks without returning. We find no systematic differences other than 
age, suggesting that attrition is largely uncorrelated with observed 
baseline characteristics related to productivity (Table A4). Second, we 
restrict the analysis to the first half of the intervention (weeks 1–5), 
when attrition rates were more balanced across groups, and find no 
significant impact on productivity during this period (Table A5). Third, 
we were able to track attriting workers at endline through household 
visits and collected income data. Including the attriters in the analysis 
yields no significant treatment effects on income (Table A6). Together, 
these results suggest that differential attrition is unlikely to bias our 
productivity estimates or mask unmeasured productivity gains.

The null result on productivity is surprising as farm workers in 
our study are at the intersection of an occupation and calorie level 
where the marginal effect of additional calories on productivity could 
be large. Our main explanation for the null effect is that nutrition 
is not the main binding constraint for most workers in our study 
when it comes to improving productivity. When examining treatment 
effects on productivity by baseline caloric intake levels, we observe 
decreasing impact sizes as baseline caloric intake increases, though 
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Fig. 5. Productivity over time.
Notes: This graph presents productivity over time over the study period using local polynomial smoothing. The two red vertical lines in Panel B indicate start 
and end of the intervention, respectively.  (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this 
article.)
not statistically significant (Figure A15). This suggests that nutrition 
may serve as a binding constraint for productivity improvements only 
among those with lower baseline intake levels. However, even for those 
with lower caloric intake, the overall relationship between nutrition 
and productivity appears weakly positive at best. This explanation 
aligns with recent studies on the economics of poverty that highlight 
the highly inelastic nature of productivity, as well as uncover other 
possible binding constraints to productivity such as financial concerns 
(Bessone et al., 2021; Kaur et al., 2021).21

Some explanations that we find unlikely include the presence of a 
ceiling for rose harvests due to, for example, limited market demand 
for roses. Relatedly, one may argue that workers were already at their 
maximum production capability at baseline with little room to improve. 
However, these reasons are not plausible as evidenced by continuously 
increasing levels of overall production in the farm over time (Fig.  5). 
The study was intentionally conducted during a period that included 
Valentine’s Day when rose demand is highest throughout the year.

Another unlikely argument may be that the number of roses har-
vested over the study period is not a good measure of productivity 
because gains in harvests for cultivation workers are materialized much 
later in the future. However, our study period aptly covers the time 
required for a bud to open up, which is two to four weeks, and we 
do not find productivity improving in any of the later weeks of the 
intervention (Fig.  5). In addition, similar to the overall sample and 
greenhouse sub-sample, we do not find effects on productivity for the 
packhouse sub-sample for which the measure of productivity would not 
be lagged (Table A7).

One might also question the presence of negative spillovers from the 
control group to the treatment group out of grudge for not receiving the 
nutrition support, undermining treatment group’s productivity. While 
spillovers are unlikely in the behavioral games as they were conducted 
in separate distant areas, field results, especially productivity, could be 
affected. However, in foresight of this, we designed the intervention 
such that negative spillovers are minimized: the control group was 
assured before the intervention that they would receive food vouchers 
after study completion, and measures were taken to mask the visibility 
of the treatment to the control group. Also, the nature of farm work and 
incentive structure minimize the potential for spillovers. For example, 

21 Bessone et al. (2021) finds that significantly increasing nighttime sleep did 
not have any detectable effect on productivity, suggesting that productivity has 
low elasticity.
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greenhouse workers, which comprises the majority of the sample, are 
assigned their own beds of roses to cultivate, and thus, are less likely to 
be influenced by poor performance or grudge from the control group. 
While packhouse workers work interdependently in pairs of sorters 
and bunchers, the paired incentive structure prevents intentional neg-
ative spillovers. Moreover, we do not observe significant differences 
between the greenhouse and packhouse workers in terms of effects on 
productivity (Table A7).

We acknowledge that our study focused on on-the-job productivity 
and did not capture potential reallocation of effort to other economic 
or non-economic activities. For example, improved nutrition may have 
increased workers’ energy and psychosocial well-being, enabling them 
to invest more in part-time jobs or caregiving responsibilities. While 
we are unable to formally test these alternative channels, we provide 
suggestive evidence that workers in the treatment group did not shift 
their effort to other economic activities. Specifically, we find no signif-
icant effects on total income—which includes earnings from any wage 
employment, self-employed farming, and self-employed non-farming 
activities—and are able to reject income increases of 8% or more (Table 
A6). However, the treatment group may have increased nutritional 
investments in their households, as suggested by improvements in 
household diet diversity (Table  3).

5.4. Implications of behavioral outcomes for productivity

In this section, we discuss how our results on behavioral outcomes 
relate to results on productivity. We conduct subgroup analysis by 
levels of stress and prosocial behavioral outcomes at baseline—two 
behavioral domains for which the treatment effects were significant. 
We find that a good emotional state may partially contribute to pro-
ductivity by increasing labor supply but not productivity. Column 1 of 
Table A8 shows that treatment effects on labor supply (attendance) is 
large and statistically significant for those with a better emotional state 
(Panel B), but not for workers who had a lower emotional state (Panel 
A). However, this effect did not translate into an overall increase in 
labor supply as shown in Column 3 of Panel B in Table  9, potentially 
due to hedonic adaptation. We do not find effects on productivity 
in either more prosocial or less prosocial groups (Table A9). This 
affirms the findings in the literature: while some studies find a positive 
association between social preferences and productivity (Carpenter and 
Seki, 2011), when addressing endogeneity using instrumental variables, 
the effect disappears (Barr and Serneels, 2009).
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6. Conclusion

In this paper, using a randomized control trial combined with lab-in-
the-field experiments in a floriculture rose farm setting, we investigate 
the relationship between nutrition and behavioral outcomes such as 
stress, social preference, cooperation, and attention, as well as physical 
function and labor productivity.

Regarding behavioral outcomes, our findings show that nutrition 
significantly impacts psychosocial measures that does not involve real 
effort, while no impact is found on real-effort tasks such as attention 
and cooperation. The nutrition support program enhances individu-
als’ mental stability and self-interest. Specifically, we find improved 
emotional states characterized by higher positive affect and lower 
negative affect among treated workers, supporting the notion that 
hunger leads to irritable mood and better nutrition promotes a positive 
mood. Additionally, we find improved emotional stability over time in 
the treatment group. Interestingly, better nutrition did not necessarily 
make workers more prosocial; instead, fostered increased self-interest, 
possibly because they became more self-sufficient. We do not find 
effects on cooperation or attention, both of which involved real-effort 
tasks.

We also find that nutrition support did not have effects on physical 
function or productivity. Our precise measure of no effect on produc-
tivity challenges the link between nutrition and productivity in the 
context of high-effort work such as processing flowers, at least in the 
short term. This paper provides evidence against previous less rigorous 
empirical studies that found a positive relationship between nutrition 
and productivity decades ago, questioning the causal link between 
nutrition and productivity in modern work settings, particularly given 
the rapidly evolving nutritional state over recent decades (Black et al., 
2013).

Another contribution of this paper lies in examining dynamic treat-
ment effects, looking at how behaviors change over time. Weekly 
results on positive and negative affect, social preference, and attention 
collectively suggest a pattern wherein certain effects are prominent in 
the initial weeks but dissipate over time. This provides evidence for 
hedonic adaptation, a phenomenon for which there is limited evidence, 
especially concerning nutrition or social welfare programs. This par-
tially explains why the effects of nutrition on behavioral outcomes are 
often mixed in the literature, as the outcomes are measured at different 
time points relative to the intervention.

Our results confer important implications for policy and interpret-
ing other research. First, nutrition programs such as food transfers 
and school or work meal programs may indeed influence behavioral 
outcomes, albeit with varying effects. Also, while nutrition support 
programs could be beneficial for important outcomes such as health and 
education, they may not be the most effective approach to improving 
productivity, particularly in tasks with lower physical demands. Lastly, 
the evidence of hedonic adaptation over time underscores the impor-
tance of considering the time frame of studies when interpreting the 
effects of nutrition on behavioral outcomes, highlighting an important 
caveat in the interpretation of lab and field experiments that measure 
short-term effects of nutrition.
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