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Abstract
In most developing countries, agricultural policies and 
programs are designed to promote productivity growth 
with modern inputs and technologies, and the success of 
these policies is measured primarily along the dimensions 
of technology adoption, with limited reference to the an-
cillary impacts on behavioural outcomes that may be a 
prerequisite to adoption. We test whether grassroots pro-
grams can additionally relax behavioural constraints, po-
tentially enhancing the adoption of diversified production 
systems. In Odisha, India, using a series of laboratory-in-
field experiments and survey instruments to elicit farmers' 
preferences for risk, agency and aspirations for themselves 
and their children, we find that respondents in villages 
where grassroots interventions were promoted showed 
significantly lower levels of risk aversion and higher as-
pirations for themselves and their children, along with 
improvements in production and consumption diversity. 
However, we do not find a mediating role of reduced risk 
aversion in improving direct program outcomes. Our re-
sults show that grassroots approaches are effective in in-
ducing a shift towards changing production systems, and 
relaxing behavioural constraints, that can be leveraged 
over time to strengthen impacts.
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1  |   INTRODUCTION

Conventional studies evaluating agricultural interventions tend to focus on tangible impacts 
such as yields, input expenditures or even the nutritional impacts arising due to increased 
incomes or home consumption of agricultural output (Ayenew et  al.,  2018; Pellegrini  & 
Tasciotti, 2014). The logic for this focus is quite simple: these are frequently the primary out-
comes the funding agencies sponsoring these interventions are pursuing, and such impacts 
can typically be easily observed and quantified. Interventions that promote livelihoods and 
collective action, however, can have important impacts that are manifested through improve-
ments in behavioural outcomes that are not so easily observed, but may be an important first 
step in enhancing the adoption of new practices and achieving some of these other outcomes. 
However, interventions designed to encourage changes in the dominant agricultural produc-
tion systems are often at odds with conventional practices in many rural communities, and such 
interventions may fail to gain traction as farmers prefer to simply maintain the status quo and 
eschew risky changes in behaviours or practices, even at the expense of enhanced livelihood 
and nutritional outcomes, leading to risk-induced low productivity and poverty traps (Brick & 
Visser, 2015). In other cases, farmers are confronted with thin input or output markets, re-
stricting their ability to alter behaviours or practices (Kebede, 2022; Yesuf & Bluffstone, 2009). 
In still other cases, the desired change in behaviours or practices is conditional on strategic 
coordination among individuals and households that can be difficult to sustain or even secure 
in the first place. These constraints can pose serious challenges for civil society organisations 
and government agencies that aim to advance and measure changes in the development of re-
silient and sustainable local food systems within these communities.

In developing-country agriculture, one of the most important behavioural changes entails the 
adoption of new agricultural technologies or practices. This is especially the case for small-holder 
farmers (Llewellyn & Brown, 2020) for whom access to credit to experiment with new technology 
is inadequate, and agriculture insurance to hedge against risk is often missing. The myriad factors 
that have been identified as contributing to or inhibiting technology adoption include tenurial ar-
rangements, farm size, education, credit constraints, social networks and social learning and risk 
(Foltz, 2003; Mottaleb, 2018; Palis, 2006; Wyckhuys & O'Neil, 2010). In nonirrigated or rain-fed 
agriculture, diversification arguably increases risks as returns and profits become more uncertain. 
For one, farmers need to procure new seeds, rather than recycling seeds from previous harvests 
as is common in this area for cereal crops. Similarly, with uncertain weather and rain conditions, 
profit margins would be highly uncertain. Furthermore, output markets for noncereals may be 
thin, which increases price volatility in the absence of support prices. Finally, geographically re-
mote rural communities such as the ones in which this research is set have limited access to input, 
output and credit markets, making any deviation from traditional practices inherently risky.

Through this paper, we explore whether grassroots programs aimed at production system 
diversification in support of greater dietary diversity and nutrient sensitivity in local food sys-
tems are associated with changes in behavioural outcomes and whether adoption of consump-
tion and production diversity is mediated by improved behavioural outcomes. We do this in 
the context of two large agriculture–nutrition projects—Pathways and TARINA—both imple-
mented by CARE India, a nongovernmental organisation (NGO), with the aim of improving 
livelihoods and agricultural productivity in the Indian state of Odisha, with a particular focus 
on women. The interventions aimed not only to improve access to agricultural inputs, markets 
and technologies but also to change farmers' practices through targeted behaviour change 
communication (BCC) activities implemented largely through village, farmer and self-help 
groups. With these project objectives in mind, we focus on two questions. The first is the over-
arching question of whether CARE's activities are associated with more diversified local food 
systems. Specifically, we study whether villages that have previously benefitted from CARE's 
activities are more likely to diversify their production practices, particularly towards more 
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       |  103EXPERIMENTAL EVIDENCE FROM ODISHA, INDIA

nutrient-dense foods such as pulses and more likely to diversify their consumption practices. 
The second is the deeper question of whether CARE's activities are associated with changes in 
behaviours and preferences. To this end, we conducted a series of framed- and survey-based 
experiments to gain greater insight into farmers' decision-making processes and their ability 
to coordinate with members of their community to provide public benefits commensurate with 
CARE's goals. In short, we study the mechanisms that lead to behavioural change in local food 
systems by not only assessing the program's direct association with production and consump-
tion diversification but also exploring its indirect relationship with reduced behavioural con-
straints, improved aspirations and increased empowerment. Finally, recognising risk aversion 
as a major constraint to the adoption of new practices, we test whether changes in production 
and consumption diversity are mediated by changes in risk preference.

Our paper contributes to two strands of literature. First, we contribute to the literature 
examining how grassroots agriculture interventions affect behavioural outcomes of farmers. 
Along with direct outcomes such as knowledge retention, adoption and yield, agriculture and 
development interventions may also affect nontangible outcomes such as risk aversion, coop-
erative behaviour, changes in aspirations and personal agency. In fact, there is now a wealth 
of literature that looks at the impact of agriculture, social protection and transfer programs 
on behavioural outcomes (Ambler  & De Brauw,  2017; Quisumbing et  al.,  2019; Salazar  & 
Fahsbender, 2018; Waqas & Awan, 2019). These outcomes tend to get ignored when measuring 
programmatic success, but are nonetheless important, especially when focussing on women 
within the household who, in their multiple roles in managing both on-farm production and 
consumption decisions, are important agents of change and thus central to the design of 
CARE's interventions. Without understanding the nature of these behavioural constraints, it is 
difficult to gain traction on the problem of low adoption or disadoption of practices. Studying 
the determinants of, or constraints to, changes in behaviours and practices can provide con-
siderable insight into how programs, investments and policies—beyond conventional efforts to 
increase food grain production and caloric security—can effect change in this context.

We also contribute to the literature assessing how grassroots agriculture interventions can 
contribute to promoting consumption and production diversity. Diversified production can be 
beneficial for food security in several ways (Haddad, 2000). First, by diversifying production and 
increasing the production of higher value crops, farmers may ultimately have higher incomes 
from the sale of marketable surpluses (Koppmair et al., 2017), allowing them to consume diverse 
and potentially more expensive foods such as meats and fruits (Pellegrini & Tasciotti, 2014). 
Additionally, to the extent that these food items are also used for home consumption, farm 
households may increase the consumption of more nutritious food items (Ayenew et al., 2018). 
There is however mixed evidence on whether and how production and consumption diversity—
and ultimately household nutrition—are linked, with some highlighting the positive relation-
ship between the two (Dillon et al., 2015; Kumar et al., 2015), and others pointing to the mixed 
or conditional linkage between diversity in on-farm output and household food basket and nu-
trition (Shively & Sununtnasuk, 2015; Sibhatu & Qaim, 2018). There is strong evidence that pro-
duction diversity is especially important where functioning markets are sparse, the communities 
are geographically remote, and most farmers consume what they grow, with very little market-
able surplus (Hirvonen & Hoddinott, 2017; Lovo & Veronesi, 2019).

Beliefs related to both production and consumption practices are often difficult to change. 
While efforts to change those beliefs may take years, even decades, of engagement, educa-
tion and conversation, far too little is known about the underlying and often unobservable 
constraints to change. The research presented in this paper is meant to inform the sorts of 
behavioural or institutional constraints that are perhaps most entrenched, or at least most 
likely to act as a binding constraint to systems-level transformations and the community level, 
and to test how grassroots agriculture-related interventions have relaxed these behavioural 
constraints, while improving production and consumption diversity.
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2  |   INTERVENTION BACKGROU N D

In late 2015, the Bill and Melinda Gates Foundation funded a consortium of researchers, 
development practitioners and NGOs to explore solutions to the problem of hunger and 
malnutrition in India through a ‘food systems’ lens (Pingali, 2015). This consortium, known 
as Technical Assistance and Research for Indian Nutrition and Agriculture (TARINA), 
operated in the states of Bihar, Odisha and Uttar Pradesh and aimed to redirect agricul-
tural policy from an overt bias towards staple grains and towards a broader food system 
focus that considers the important linkages between agricultural production and household 
nutrition (TARINA, 2018). Importantly, TARINA focussed on agricultural pathways for 
enhancing the rural poor's year-round access to affordable, diverse and high-quality foods 
that are rich in micronutrients.1

In Odisha, CARE India's contribution to TARINA builds on prior work conducted 
under a project entitled Pathways to Empowerment (Pathways, for short), also supported 
by the Bill and Melinda Gates Foundation between 2012 and 2016. Pathways worked in two 
districts in Odisha to promote more productive and equitable participation, especially 
among scheduled caste (SC) and scheduled tribe (ST) farmers in sustainable agriculture.2 
To that end, Pathways worked with existing self-help groups to strengthen solidarity among 
SC and ST women farmers, promote sustainable and intensified agricultural practices to 
increase agricultural productivity and diversify livelihood strategies, enhance women's ac-
cess to markets and services using a value chain approach and improve access to informa-
tion, including information on farming techniques, markets, public and private sector 
services, nutrition and other development opportunities to diversify livelihoods 
(CARE, 2018).

Under TARINA, CARE's activities leverage many of the institutions and interventions that 
were introduced under Pathways. For example, by working through self-help groups that par-
ticipated in Pathways activities, TARINA has sought to introduce and promote legume (spe-
cifically, pulse) rotations into the rice production system; engaged in nutrition education and 
nutrition awareness building; improved goat husbandry, feed management and value chain 
linkages; intensification systems for homestead/kitchen gardens; women's empowerment 
through gender-focussed interventions, awareness building and behaviour change; and stor-
age technologies for reducing postharvest losses. Behavioural change communications (BCC) 
interventions delivered through village groups around production and consumption diversity 
and kitchen garden promotion were implemented almost universally in all intervention vil-
lages, while a subset of villages also received interventions around dairy, small ruminants 
and postharvest storage. CARE's interventions were demand-driven and voluntary, and apart 
from specifically targeting SC/ST households, CARE did not employ any income-based tar-
geting of households.

3  |  BEHAVIOURAL OUTCOMES: THEORY AND IMPLEMENTATION

In this section, we introduce the underlying theories that guide the behavioural experiments and 
modules we implemented in the field, along with the rationale behind their inclusion in this study. 
By and large, researchers working in the behavioural sciences and behavioural economics are 

 1The project's main objectives are to (a) provide technical assistance in redesigning agricultural projects to ensure nutrition 
outcomes at scale, (b) provide assistance and evidence for policy reform that enhances diet quality at affordable prices and (c) 
build capacity to design and implement nutrition-sensitive agricultural programs and policies.

 2The SC and ST designations (frequently combined as SC/ST) are official designations recognised in the Indian constitution.
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       |  105EXPERIMENTAL EVIDENCE FROM ODISHA, INDIA

familiar with the theories and experiments described below. However, in developing countries, 
the implementation of some of these experiments is relatively uncommon but gathering traction.

3.1  |  Prospect theory

Traditionally, some researchers have preferred to estimate the effects of risk econometrically, 
often estimating a production function along the lines of those proposed by Just  (1975). 
However, starting with Binswanger (1980), many researchers have sought to elicit these other-
wise unobservable behavioural characteristics through carefully constructed field experi-
ments. Many of these have assumed that preferences conform to expected utility theory (EUT). 
In their seminal paper, Kahneman and Tversky (1979) highlighted choice problems in which 
respondent preferences systematically deviated from what would otherwise be predicted if the 
respondents strictly adhered to the behavioural axioms of EUT, concluding that EUT is too 
restrictive to adequately describe decision-making under risk. Among the key features of 
Kahneman and Tversky's Prospect Theory (PT) are that individuals tend to prefer certainty 
over doubt (when comparing potential gains), dislike losses (and would risk large potential 
losses to avoid smaller, certain losses), evaluate changes based on reference levels rather than 
the end result and overweight the likelihood of low probability events and underweight the 
likelihood of high probability events (see also Tversky & Kahneman, 1992, which introduced a 
cumulative representation of uncertainty, appropriately dubbed Cumulative Prospect Theory, 
CPT). These systematic features of decision-making under uncertainty result in a value func-
tion that is generally concave for gains and convex for losses. As an alternative to EUT, CPT 
therefore allows for more flexibility in characterising responses to risky situations. CPT does 
not reject EUT outright, but rather is a general model of decision-making under uncertainty 
within which EUT is a specific case. Unlike EUT, where only an individual's risk aversion co-
efficient characterises decision-making under uncertainty, in CPT, three important parame-
ters characterise individual behaviour. In this paper, we study the parameter (σ) that dictates 
the curvature of the prospect value function and can be thought of as a measure of risk 
aversion.3

3.2  |  Empowerment and aspirations

One important avenue through which CARE has aimed to change practices is by encouraging 
improved household nutrition through increasing women's empowerment. A growing body 
of literature demonstrates how increasing women's empowerment can lead to various posi-
tive household outcomes, including more equitable distribution of household resources, more 
nutritious household food consumption (Malapit & Quisumbing, 2015) and better health and 
educational outcomes for children, especially girls (Glewwe, 1999; Thomas, 1994). In addition, 
women's empowerment can be directly associated with better agricultural outcomes and pro-
ductivity gains (Diiro et al., 2018; Seymour, 2017) and the adoption of improved agricultural 
practices and technologies (Cornish, 2018). Empowering women is thus an important outcome 
in itself.

An important, and related, behavioural response that works both as a driver of, and a response 
to, increased livelihood opportunities, is an increase in aspirations. There has been considerable 
recent research on what determines the formation of an individual's hopes and beliefs about 
her future, and how this in turn affects investments towards realising her beliefs. For example, 

 3Details of the prospect theory experiment are available in the Appendix S1.
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recent research on aspirations and poverty examines the relationship between future-oriented 
behaviour and investment in improving social and economic well-being (Favara, 2017; Lybbert & 
Wydick, 2018; Wuepper & Lybbert, 2017). Genicot and Ray's (2017) pioneering work introduces 
the concept of aspirations-based poverty traps, wherein individuals with low levels of aspirations 
invest less effort than those with higher levels of aspirations, which in turn leads to self-fulfilling 
low realisation of wealth in the next period. In their conceptualisation, it is not the actual level 
of the aspiration that matters, but rather the gap between current and aspirational status that 
determines behaviour. The model is unique as it accounts for the possibility that aspirations 
could be too high or too low, thus causing frustration and subsequent underinvestment. Janzen 
et  al.  (2017) also find strong evidence supporting the inverse-U theory of aspirations failure, 
wherein very high or very low educational (for own child) and financial aspirations lead to low 
education and financial investment. Increased aspirations could thus be an important devel-
opment outcome, not only in itself but also as a determinant of investments in improving one's 
future outcomes. If programs such as CARE can increase individual's aspirations for themselves 
and their families, they can be an important catalyst in the adoption of, and investment in, new 
agricultural practices and technologies, as a pathway towards the realisation of these increased 
aspirations. In this paper, we focus on absolute aspiration levels and its determinants, rather 
than aspiration gaps. This is in the spirit of work done by Kosec and Mo (2017) and Bernard and 
Seyoum Taffesse (2014) using the aspiration index.

3.3  |  Behavioural constraints as mediators

We argue that low risk aversion, or alternatively, inclination to take risks, could be an im-
portant predictor of the adoption of new practices, including production diversification. We 
demonstrate this relationship using a directed acyclic graph (Figure 1).

We argue that exposure to CARE interventions or treatment (T) increases both direct out-
comes of production and consumption diversity (D) and increased risk-taking (R). However, 
risk-taking (R) itself could impact the direct outcomes so that the intervention (T) has both 
a direct effect from T to D and an indirect effect mediated through R. There might be other 
factors that affect both risk-taking behaviour and direct outcomes (c), such as demographic 
characteristics, caste and village-level unobservables. We control for these in our specifica-
tions. One could argue that there is an additional pathway between T and D, which is affected 
by selection bias (S) at the individual or village level, such that more enterprising individuals 
or villages are selected for the intervention. We discuss in detail below, how the construction 
of a counterfactual or control set of villages was done using preintervention (2011) census data 
at the village level, and within these village, respondents were chosen at random, minimising 
the impact of such bias.

4  |   SA M PLING STRATEGY, SU RVEY DESIGN A N D 
EXPERIM ENTA L PROTOCOLS

4.1  |  Sampling strategy

To accurately measure program impacts on production, consumption and behaviour, we need 
a valid counterfactual against which to ascribe program impacts. Since CARE had already 
been active in these areas for several years, we were not able to randomise program treatments. 
Our sampling strategy in this study aimed to create a counterfactual group that was similar 
enough to the treated villages that actual observed treatment status could be perceived as ef-
fectively random. More specifically, we used village-level data for the districts of Kandhamal 

 14678489, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1467-8489.12535 by U

N
IV

E
R

SIT
Y

 O
F M

IN
N

E
SO

T
A

 170 W
IL

SO
N

 L
IB

R
A

R
Y

, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



       |  107EXPERIMENTAL EVIDENCE FROM ODISHA, INDIA

and Kalahandi in the state of Odisha from the 2011 Census of India (prior to the initiation of 
CARE's activities in the state) to identify villages that were similar in all attributes apart from 
the subsequent presence of CARE activities. The following steps were carried out to identify 
a valid counterfactual for CARE's intervention villages and determine the sampling frame for 
the study.

First, we used data from the 2011 Census of India to identify all villages from the same 
administrative blocks (subdistrict administrative units) within which CARE subsequently im-
plemented Pathways and/or TARINA activities. From this list, villages were divided into two 
groups: those where CARE had subsequently implemented Pathways and/or TARINA activ-
ities (these were classified as treatment villages) and those where CARE had no active or past 
programs as of the time of our study (these were classified as control villages).

We then estimated propensity scores (predicted probability of treatment by CARE's interven-
tions) for each village using a probit model and a comprehensive list of relevant variables.4 Using 
these propensity scores, we used nearest neighbour matching to pair each village later identified 
as a treatment village with a control village, which had the closest propensity score. This gave us 
a total of 119 pairs of treatment and control villages. From these, 42 pairs of villages were ran-
domly selected to get an equal number of treatment and control villages, for a total sample of 84 
villages. The survey and experiment were conducted between March and May 2018.

In each village, the survey team identified all households actively engaged in agricultural 
cultivation with the help of the sarpanch (a type of local leader or administrator), and from this 
list, 12 households were randomly selected for participation in our study. One adult agriculture 
decision-maker (male or female) and one adult respondent of the opposite gender were inter-
viewed from each household for a total sample of 1960 respondents (980 males and 980 fe-
males). In this paper, however, we report results for the 1739 individuals and 865 household 
decision-makers who completed the risk aversion module. Each interview contained questions 
on household agricultural practices, consumption, assets and household composition, which 

 4The variables used for propensity score matching included population density, sex ratio, proportion of scheduled caste (SC) 
households, proportion of scheduled tribe (ST) households, number of schools, access to postal service, presence of pucca [tarmac/
asphalt] roads, distance to agricultural credit societies and net sown area. In addition, we matched the villages on the availability 
of healthcare facilities, ground and surface water irrigation, landline phones, mobile phone coverage, bus and taxi services, 
tractors, nutritional service, daily newspaper, assembly polling station and power supply for domestic use. See Figure S1 for the 
distribution of propensity scores between the two groups of villages and Table S7 for balance tests between the control and 
treatment villages using Census 2011 data.

F I G U R E  1   Directed acyclic graph depicting the causal pathway between village-level participation in 
grassroots NGO programming (T) and production and consumption diversity (D). C, control variables; 
R, risk-taking, S, selection bias. Source: Authors.
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108  |      ALVI et al.

was answered by the main agriculture decision-maker in the household. The next set of ques-
tions which included the experiments on risk aversion and time preference and ambiguity, as 
well as questions on decision-making, aspirations and empowerment, were answered by both 
the respondents.5 Later that day, or the next day, all the respondents participated in a group 
game with other respondents in the village.6

We recognise that the village-level pairwise matching procedure described here can only 
account for observable differences between villages, leaving open the possibility of nonob-
servable heterogeneity. We also recognise that the data used in this analysis are cross-sectional 
in nature and were collected after the end of Pathways and after the first 2 years of TARINA 
activities. As a result, treated and control villages and households may differ on the basis of 
omitted observable variables, unobservable characteristics, or due to intentional targeting or 
placement bias attributable to CARE, household or individual self-selection into CARE ac-
tivities, and other factors. Having said that, the matching strategies employed here were the 
best method available for constructing a counterfactual given the evaluation timeline and the 
secondary data available.

4.2  |  Experimental protocol

4.2.1  |  Risk aversion

We used a series of lottery-based experiments to elicit the latent behavioural characteristics 
related to risk and potential losses. The experiments used in this study were modified from 
Tanaka et al. (2010), Liu (2013) and Ward and Singh (2015) in their studies of Vietnamese house-
holds, Chinese cotton farmers and Indian rice farmers, respectively. The experimental design, 
which essentially takes the form of a multiple price list (Holt & Laury, 2002), has already been 
tested among individuals in several different countries, including in several states in India, and 
is thus simple enough for illiterate or innumerate participants to understand. Our experiments 
maintain the general design of the Tanaka et al. (2010) and Liu (2013) experiments, with specifi-
cally calibrated payouts as well as some additional simplifications to increase the probability 
of comprehension. A notable difference between our approach and the approaches of Tanaka 
et al. (2010) or Liu (2013) is that, like Ward and Singh (2015), most of our experiments involve 
choices between a certain (riskless) payment and a risky prospect. This simplifies the choices 
participants face, as well as simplifying the estimation of risk premia. The exact experiment 
protocol is available in the Appendix S1, including the payoff matrices (Tables S3 and S4). We 
divide our risk preference parameter, σ (defined in Section 3.1), which is measured as the cur-
vature of the value function, into a binary variable with two categories—high risk aversion, 
which takes the value 1, defined as 0 ≤ 𝜎 < 1.5 and low risk aversion, � ≥ 1.5.7

4.2.2  |  Aspirations and empowerment

To measure women's empowerment and agency in effecting change in agricultural produc-
tion and technology adoption, we construct an index that is a composite measure of 

 5In this paper, we focus only on risk aversion as these were fully incentive-compatible and played with real money that was handed 
out after the survey. The experiments on time preference and ambiguity aversion did not involve any monetary reward, were not 
incentive-compatible and hence are not part of this paper.
 6The results from the group game are the subject of another paper on cooperation, collective action and altruism.
 7Those who were among the top 30th percentile of the risk aversion parameter were categorised as having low risk aversion. The 
bottom 70 percentile were similarly categorised as being highly risk averse. Our findings are robust to different definitions of low 
and high risk (and loss) aversion, including absolute measures of the risk aversion parameter/value function curvature.
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       |  109EXPERIMENTAL EVIDENCE FROM ODISHA, INDIA

decision-making power, access to credit and group membership, where each of the compo-
nents is given equal weight.8

We also include a detailed module on aspirations regarding education, assets, income and 
social status. These aspirations are measured both for the respondents and for their children. 
We construct an aspiration index, weighting each aspect using self-reported weights. The index 
is modelled on the index created by Bernard and Seyoum Taffesse  (2014) and subsequently 
used by Kosec and Mo (2017). Respondents are asked a series of questions about their current 
and aspirational status with regard to four dimensions: income, education, assets and social 
status. Income and assets are measured in Indian rupees, whereas education is measured as 
years of schooling. Social status is measured on a progressive 10-point scale. We then gave the 
respondents 20 beads and asked them to weigh each of the four dimensions based on their 
perception of its importance in their overall well-being, distributing beads as an indicator of 
the relative importance.9 The index is formulated as follows:

where k is one of the four dimensions mentioned above, ak
i
 is respondent i 's aspiration on dimen-

sion k and �k and �k measure the sample mean and standard deviation of the response in the 
sample, and �k

i
 is the weight attached to dimension k.

The other outcome we used to measure aspirations is respondents' hopes for their children's 
future. We asked respondents what they wanted their children to be when they grow up, and a 
parent is considered to be aspirational for their children if they hope their children will be in a 
profession other than a homemaker, farmer or labourer. We asked this question separately in 
regard to the oldest son and oldest daughter of the respondent, though in the present manuscript 
we report results pertaining to aspirations for daughters only, since the response regarding aspira-
tions for sons had little variation. We then asked respondents about what they believe their son and 
daughter will become in future. We frame this as their belief about their child's future, as opposed 
to their hope for the child, which is captured by aspirations. The measure is binary and is coded 
the same as child aspirations, but again we report results only for daughters owing to very low 
variation in the responses for sons. Finally, we asked respondents about the aspired level of edu-
cation for their daughters and sons, measured in years between 0 (no education) and 15 (college).

4.2.3  |  Production and consumption diversity

The primary aim of CARE's interventions in the area has been to improve diversity in agricul-
tural production as a means to eventually diversify incomes, consumption and diets. Due to 
lack of irrigation and winter rain, farmers in Orissa—our area of study—widely practise Rabi 
fallows, cultivating rice in the monsoon season and leaving their field fallow for the Rabi (win-
ter) cropping season. One of the CARE's primary focuses has been to promote the production 
of legumes and vegetables in Rabi. We measure the relationship between CARE's interventions 
and a set of production and consumption diversity using a set of different variables. We first 
construct a binary measure for whether respondents cultivate in Rabi season or not. Second, 
we measure whether farmers cultivate pulses in Rabi (binary), one of the main interventions 

 8If the woman makes at least some decisions regarding agricultural production and credit, she receives a score of 1 on decision-
making and access to credit, respectively. Similarly, membership in at least one village group gets a score of 1. The scores from all 
three components are added and divided by 3 to give a score that ranges from a minimum of 0 to a maximum of 1 in increments 
of 0.33.
 9Details of the questions used to calculate the aspiration index can be found in the Appendix S1.

Aspiration Indexi =
∑4

k=1

(

ak
i
− �k

�k

)

.�k
i
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110  |      ALVI et al.

promoted under TARINA. Third, we test for prevalence of pulse cultivation at the intensive 
margin, through a variable measuring the share of total cultivated area dedicated to pulses. 
Finally, we measure dietary diversity, calculated on a 12-food group scale using the FAO guide-
lines on household dietary diversity using a 24-h recall.10

4.3  |  Descriptive statistics

Over 98% of the households in our sample are male-headed, which is consistent with the largely 
patriarchal culture and low rates of migration in the area. Around 88% of the respondents in 
our sample report being household heads or spouses of household heads, and the remainder are 
predominantly children or children-in-law of the household head. Our survey was conducted in a 
predominantly tribal area, with households identifying as ST making up 58% of the total popula-
tion. Together with households identifying as SC, they make up 79% of our sample. Of the two 
districts where we collected primary data, Kalahandi had a more heterogeneous population, with 
non-SC/ST making up 30% of the population, compared to 8.9% for Kandhamal

Literacy rates in Odisha are among the lowest in India, and within Odisha, Kalahandi and 
Kandhamal are among the most illiterate districts. The self-reported literacy rate in our sam-
ple was 69% overall and only 55% for women. The average household size in the sample is 5.3 
persons with a low overall dependency ratio. The average cultivated area per household is 
2.8 acres, with 83% of respondent households, indicating that they cultivated land that they 
owned, with the remainder cultivating leased land.

5  |   RESU LTS

We study our results in three stages. In the first stage, we consider the relationship between 
program implementation and measures of risk preference or risk aversion. We hypothesise that 
this is the first step towards bringing about a change in other, more direct program outcomes. 
In the second step, we consider whether the program is associated with changes in outcomes 
such as aspirations, empowerment and personal agency. Finally, we consider the relationship 
between the program and direct outcomes that the intervention targeted, such as diversification 
of production practices and improvements in consumption diversity. In addition, we test whether 
the association with direct outcomes of consumption and production diversity are mediated by 
changes in risk preferences. The first two sets of outcomes are analysed at the individual level, 
while the set of direct outcomes are analysed at the household level (Table 1).

Our estimating equation takes the form

where Yig refers to the outcome variable of interest for individual or household i from village g (risk 
aversion, production diversity, consumption diversity, aspirations, etc.); Treatmentg refers to the 
treatment assignment of village g and takes the 1 for villages that benefitted from CARE's inter-
vention TARINA and/or Pathways, and 0 otherwise; Zig are the individual and household-level 
covariates; and �ig is an individual-level error term, clustered at the level of the village. We use 
ordinary least squares, logit and Poisson regressions to estimate the coefficients of interest as 
appropriate, and variants of Equation (1) to identify additional impacts. Our findings are robust 
to alternative specifications of the main estimating equation.

 10Detailed methodology available at http://​www.​fao.​org/3/​i1983e/​i1983​e00.​pdf

(1)Yig = � + �Treatmentg + �Zig + �ig,

 14678489, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1467-8489.12535 by U

N
IV

E
R

SIT
Y

 O
F M

IN
N

E
SO

T
A

 170 W
IL

SO
N

 L
IB

R
A

R
Y

, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.fao.org/3/i1983e/i1983e00.pdf
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TA B L E  1   Balance test.

Entire sample Treated Control Difference

Male head of household 0.986 0.982 0.989 −0.007

(0.119) (0.133) (0.102) (0.008)

Head of household 0.484 0.490 0.477 0.014

(0.500) (0.500) (0.500) (0.009)

Spouse of head 0.411 0.410 0.411 −0.001

(0.492) (0.492) (0.492) (0.013)

Female 0.504 0.499 0.508 −0.009

(0.500) (0.500) (0.500) (0.007)

Scheduled caste or scheduled tribe 0.784 0.831 0.735 0.096

(0.412) (0.375) (0.441) (0.062)

Age 41.904 42.167 41.631 0.536

(14.133) (12.700) (15.484) (0.972)

Literate 0/1 0.688 0.700 0.674 0.026

(0.464) (0.458) (0.469) (0.040)

Married 0.957 0.964 0.951 0.013

(0.202) (0.187) (0.216) (0.012)

Dependency ratio 0.123 0.123 0.123 −0.000

(0.100) (0.102) (0.098) (0.008)

Household size 5.365 5.301 5.431 −0.130

(2.079) (1.937) (2.216) (0.141)

Total plot area 2.761 2.690 2.835 −0.145

(9.879) (13.567) (2.810) (0.557)

Fraction of plot area owned 0.830 0.815 0.845 −0.030

(0.353) (0.370) (0.334) (0.038)

Household wealth index 0.012 0.013 0.010 0.004

(0.882) (0.869) (0.897) (0.109)

Risk averse 0.577 0.555 0.601 −0.046

(0.494) (0.497) (0.490) (0.038)

Aspiration index 0.064 0.150 −0.025 0.175

(10.446) (9.329) (11.495) (0.847)

Empowerment 0.549 0.571 0.526 0.045

(0.289) (0.302) (0.274) (0.023)

Member of group 0.357 0.415 0.296 0.119

(0.479) (0.493) (0.457) (0.034)

Cultivated in Rabi 0.315 0.272 0.359 −0.088

(0.465) (0.445) (0.480) (0.059)

Household dietary diversity 8.555 8.643 8.464 0.179

(1.507) (1.576) (1.427) (0.153)

Number of Rabi plots cultivated 0.436 0.353 0.522 −0.169

(0.760) (0.657) (0.846) (0.094)

N 1739 886 853 1739

Note: Columns (1)–(3) present means and standard deviations of the entire sample, treated sample and control sample, respectively. 
Figures in Column (4) are coefficient estimates and their associated standard errors (clustered at the village level) from linear 
regressions of the form xij = α + βTi + εij, where xij is the characteristic over which balance is being tested (i.e. the variable described 
in the row header) and Ti is an indicator variable capturing the difference in random assignment between treatment and control 
groups. Statistical significance of these differences was based on a t-test of the estimated coefficient β for each household and 
individual characteristic. F-statistic of joint significance is 6.30.

Source: Authors' calculations.
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112  |      ALVI et al.

5.1  |  Risk preference

The experiments described above are specifically designed to disambiguate various dimen-
sions of attitudes about uncertainty, including disambiguating risk aversion, as well as the 
extent to which perceived probabilities deviate from objective realities when farmers evaluate 
risky decisions. Here, we study whether the program is associated with reduced aversion to 
risk. By comparing the average willingness of farmers to take on risk between villages that 
have previously been beneficiaries of the intervention and those that have not, we find that 
there are, indeed, systematic differences in farmers' attitudes towards risk, with farmers in vil-
lages that have received the intervention being less sensitive to risk and therefore more willing 
to undertake risky activities. The distribution of the two risk parameters is given in Table 2. 
On average, the value function curvature of those classified as being less risk averse (or more 
risk loving) is 1.5 and the overall mean value of � is 0.95.

We use linear probability models to estimate the effect of treatment on risk aversion.11 
Table 3 shows that treatment has a negative and statistically significant association with the 
probability of being highly risk averse, implying that farmers in treatment villages are much 
less likely to be in the high-risk-aversion category. If we assume that these preferences ex-
tend beyond monetary payoffs and into other domains, such as agricultural production, 
then this evidence would largely support the assertion that CARE's programming was as-
sociated with relaxing constraints imposed by aversion to risk, and we might therefore ex-
pect to see farmers that have benefitted from CARE's activities being more willing to 
branch out, try  new agricultural technologies or undertake practices that are perhaps a 
little countercultural.

Lowering aversion to risk is important because farmers in general operate in an environ-
ment of risk. This is especially true among farmers in developing countries and even more 
so among farmers in rain-fed production systems who must rely on the vagaries of increas-
ingly uncertain weather. In such risky environments, farmers are often observed to behave 
in a very conservative fashion, foregoing investments, technologies and practices that could 
result in higher productivity or profits. As a result, they may become trapped in a low-level 
development equilibrium. It stands to reason, therefore, that relaxing these constraints and 
encouraging the adoption of higher risk higher returning technologies and practices, through 
supportive programs, interventions and information, could be an important avenue by which 
development practitioners might achieve their objective of encouraging agricultural transfor-
mations and the adoption of diverse food production.

5.2  |  Aspirations and empowerment

CARE's programs have aimed to improve household nutrition outcomes by educating 
women about the importance of dietary diversity and empowering them to make decisions 

 11Our results are robust to using other binomial regression specifications. For additional robustness checks and correction for 
multiple hypothesis testing (see Tables S5 and S6).

TA B L E  2   Summary of risk aversion parameters.

Mean Low risk aversion High risk aversion N

Value function curvature 0.95 1.50 0.55 1739

Note: Higher values of value function curvature (risk aversion parameter) correspond to lower levels of risk aversion.

Source: Authors' calculations.
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       |  113EXPERIMENTAL EVIDENCE FROM ODISHA, INDIA

about the quality of their family's diet. To assess the efficacy of this approach, we wanted 
to evaluate the extent to which CARE's interventions improved the level of women's empow-
erment. To do so, we created a composite measure that can serve as a proxy for empower-
ment. This index can be concurrently used for both women and men and is a composite 
measure of decision-making power, access to credit and group membership, with each 

TA B L E  3   Risk and loss aversion.

(1)

Risk averse

Treated −0.333***

(0.0271)

Female 0.058

(0.0756)

Scheduled caste 0.013

(0.0459)

Scheduled tribe 0.034

(0.0500)

Married = 1 −0.046

(0.0695)

Literate = 1 0.021

(0.0290)

Age −0.013**

(0.0057)

Age squared 0.000**

(0.0001)

Head of household 0.080

(0.0759)

Spouse of household head 0.115***

(0.0409)

Dependency ratio 0.016

(0.1559)

Household size −0.007

(0.0075)

Household wealth index 0.015

(0.0173)

Plot area owned and operated −0.009*

(0.0047)

Constant 0.718***

(0.1766)

Village fixed effect Yes

Observations 1739

Note: The results report coefficients from a linear probability model. Column 1 presents the probability of being highly risk averse 
(1) versus having low risk aversion (0). Standard errors (in parenthesis) are clustered at the village level.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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114  |      ALVI et al.

component weighted equally. Thus, a woman who is adequate on all three parameters will 
score a 1, and another who is inadequate on all three parameters will score a zero.12 We find 
that respondents in CARE villages score higher on the index than in control villages 
(Table 4), and this is especially true for the women-only sample (Table 8). This is perhaps 
not surprising, since many of CARE's activities are targeted towards empowering women 
and increasing their agency over productive resources. We also find that respondents in 
treatment villages were more likely to be members of at least one village group, where vil-
lage groups are defined as a credit group, self-help group or forest user group. It is to be 
noted that the probability of being a member in at least one village group is higher even for 
males in the treated villages, indicating that CARE's promotion of collective action through 
village groups had positive spillovers for men.13

An important—though understudied—outcome is enhancing household members' hopes 
for their own futures and the futures of their family members, especially their children. These 
aspirations have increasingly been recognised as an important developmental indicator, as 
they arguably reflect individuals' hopes for achieving the life they have a reason to value. The 
aspiration index used in the present study is based on four indicators identified above: educa-
tion, assets, social status and income. The index is created based on current and aspirational 
status, and each indicator is weighted based on self-reported weights. The index was then stan-
dardised to facilitate easy interpretation.

We find that respondents in treatment villages had a significantly higher value of the aspi-
ration index than in the control group, which is both statistically and qualitatively significant. 
In addition to aspirations for themselves, we also tested how parents' aspirations for children 
differed between the control and CARE villages. We define an individual being aspirational 
for their child if they aspired for their child to be in a profession other than farming, manual 
labour or being a homemaker. We then ask them what they believed their child will end up 
becoming, which focusses on their perception of what will happen rather than on what they 
wish would happen.14

We find that in treatment villages, respondents did have higher aspirations for their 
daughters, and compared with the control, they also had stronger positive beliefs about 
their daughter's future profession (Table 5). We also test whether the aspired level of educa-
tion differed between treatment and control villages and find that for both boys and girls, 
respondents in treatment villages had a higher level of aspirations for their children's years 
of education.

5.3  |  Production and consumption diversity

In this section, we examine how effective the interventions have been in changing direct pro-
gram outcomes of production and consumption diversity. In the previous section, behavioural 
outcomes and preferences were analysed at the individual level; however, since production and 
consumption decisions are made by the household, we consider the household as the unit of 
analysis for this section.

However, we find that households in treated villages are no more likely to cultivate in Rabi 
compared with households in control villages. However, among the subset of farmers who do 

 12While this measure draws elements from the Women's Empowerment in Agriculture Index (WEAI), it is in no way as 
comprehensive as the WEAI, nor is it a validated instrument. The results here are illustrative of the broader impacts of the 
intervention on women's empowerment as measured by participation in village groups, access to credit and agriculture 
decision-making.
 13Results for male subsample available on request.
 14Belief, like aspiration is a binary variable equal to one if the respondent believes their daughter will be in a profession other than 
farming or manual labour.
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cultivate a crop in Rabi, farmers in treated villages are 20 percentage points more likely to 
grow pulses. We find that even in Kharif, the main cropping season, farmers in villages where 
CARE is active are more likely to have a slightly larger proportion of their land dedicated 
to pulses indicating a small but significant diversification away from staple grains, towards 

TA B L E  4   Aspirations and empowerment.

(1) (2) (3)

Aspiration index Empowerment index Member of village group (0/1)

Treated 2.90*** 0.19*** 0.46***

(0.522) (0.017) (0.024)

Female −4.76*** 0.07* 0.11*

(1.440) (0.040) (0.056)

Scheduled caste 2.03** 0.00 0.04

(0.872) (0.026) (0.049)

Scheduled tribe −1.04 0.02 0.02

(0.741) (0.023) (0.042)

Married = 1 −1.37 0.08** 0.05

(1.428) (0.040) (0.058)

Literate = 1 4.77*** 0.07*** 0.11***

(0.578) (0.019) (0.030)

Age −0.25** 0.02*** 0.03***

(0.113) (0.004) (0.005)

Age squared 0.00 −0.00*** −0.00***

(0.001) (0.000) (0.000)

Head of household −3.41** 0.02 −0.07

(1.512) (0.044) (0.058)

Spouse of household 
head

−0.68 0.05* 0.09**

(0.952) (0.029) (0.046)

Dependency ratio 1.29 0.04 −0.12

(2.734) (0.100) (0.162)

Household size −0.09 0.00 0.01

(0.118) (0.004) (0.007)

Household wealth index 2.62*** 0.00 0.02

(0.379) (0.010) (0.015)

Plot area owned and 
operated

0.70*** 0.00 0.00

(0.083) (0.003) (0.006)

Constant 7.10** −0.16* −0.68***

(2.775) (0.084) (0.122)

Village fixed effect Yes Yes Yes

Observations 1739

Note: The results report coefficients from an ordinary least squares regression. Aspiration index is measured as detailed in 
Section 4.2.2. The empowerment index takes values between 0 and 1 and is a composite measure of adequacy in decision-making 
about productive assets (0/1), access to credit (0/1) and membership in village groups (0/1), with each of three components weighted 
equally. Standard errors (in parenthesis) are clustered at the village level.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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nutrient-dense crops. We find CARE's interventions are positively associated with consump-
tion diversity as well. In treatment villages, household dietary diversity was higher (0.27 food 
group) than in the control (Table 6).

TA B L E  5   Aspirations for children.

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

Aspirational for 
daughter (0/1)

Belief for daughter 
(0/1)

Aspired years of 
education (son)

Aspired years 
of education 
(daughter)

Treated 0.14*** 0.28*** 1.91*** 2.62***

(0.029) (0.040) (0.154) (0.202)

Female 0.07 −0.10 0.17 −0.81

(0.065) (0.100) (0.450) (0.660)

Scheduled caste 0.13*** 0.08* 0.44** 0.54*

(0.039) (0.048) (0.188) (0.302)

Scheduled tribe 0.07** 0.07 0.40* 0.13

(0.033) (0.053) (0.208) (0.265)

Married = 1 0.26** 0.17 0.56 0.64

(0.124) (0.118) (0.396) (0.556)

Literate = 1 0.11*** 0.12*** 0.25* 0.79***

(0.033) (0.037) (0.136) (0.204)

Age 0.00 −0.00 0.01 0.06

(0.007) (0.009) (0.034) (0.045)

Age squared −0.00 −0.00 −0.00 −0.00***

(0.000) (0.000) (0.000) (0.001)

Head of household 0.04 −0.09 0.08 −0.84

(0.081) (0.117) (0.440) (0.629)

Spouse of household 
head

−0.04 −0.10 0.15 0.27

(0.058) (0.073) (0.295) (0.361)

Dependency ratio −0.01 0.56*** 0.64 −0.52

(0.155) (0.211) (0.792) (1.019)

Household size −0.01 −0.03** −0.08** −0.06

(0.009) (0.012) (0.039) (0.054)

Household wealth 
index

0.05** 0.07*** 0.25*** 0.47***

(0.020) (0.023) (0.093) (0.131)

Plot area owned and 
operated

0.00 0.00 0.08*** 0.13***

(0.006) (0.007) (0.022) (0.041)

Constant 0.41* 0.89*** 12.36*** 11.11***

(0.207) (0.242) (1.073) (1.443)

Village fixed effect Yes Yes Yes Yes

Observations 1123 1123 1328 1108

Note: The results report coefficients from an ordinary least square regression linear probability model for Columns 1 and 2). 
Aspiration (belief) is coded as 1 if parent aspires (believes) the daughter to have (will have) a profession other than farmer, 
labourer or homemaker. Standard errors (in parenthesis) are clustered at the village level. Sample includes only those respondents 
who had at least one daughter and/or son.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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5.4  |  Mediation analysis

We have previously discussed how risk preferences are positively associated with CARE's in-
terventions. This could be due to increased access to agriculture information, establishment 
and revitalisation of village groups, enhanced availability of postharvest storage facilities and 
improved access to information and resources for livelihood diversification, all of which could 

TA B L E  6   Production and consumption diversity.

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

Cultivated in Rabi 
(0/1)

Cultivated pulses 
in Rabi (0/1)

Fraction of plot 
area for pulses in 
Kharif

Household 
dietary 
diversity score

Treated 0.04 0.21*** 0.04* 0.28**

(0.047) (0.074) (0.021) (0.109)

Scheduled caste −0.05 0.03 0.03 −0.26*

(0.060) (0.067) (0.018) (0.142)

Scheduled tribe 0.01 0.13* 0.00 −0.13

(0.050) (0.074) (0.014) (0.138)

Household head married = 1 0.12 −0.00 −0.01 0.19

(0.078) (0.108) (0.025) (0.271)

Head literate = 1 0.01 0.06 0.02 0.33**

(0.046) (0.071) (0.015) (0.145)

Age of head 0.02** −0.01 0.00 −0.01

(0.008) (0.017) (0.003) (0.022)

Age of head squared −0.00** 0.00 −0.00 0.00

(0.000) (0.000) (0.000) (0.000)

Dependency ratio −0.23 −0.07 −0.07 −0.12

(0.186) (0.260) (0.065) (0.633)

Household wealth index 0.07*** −0.08** −0.01** 0.47***

(0.019) (0.033) (0.006) (0.060)

Total plot area owned and 
operated

0.02* 0.02* 0.00** 0.06***

(0.009) (0.009) (0.002) (0.015)

Household size 0.00 0.01 0.00 0.03

(0.010) (0.014) (0.003) (0.026)

Constant −0.08

(0.077)

Block fixed effect Yes Yes Yes Yes

Observations 865 251 865 865

Note: Columns (1) and (2) report marginal effects from a logit regression. Column (3) reports coefficients from an ordinary least 
squares regression. Column (4) reports marginal effects from a Poisson regression. For (2), results are restricted to those farmers 
who cultivate in Rabi and a Heckman sample selection test finds no selection bias among those farmers who chose to cultivate 
in Rabi and those who do not. Dietary diversity (4) is measured on a 12-food group scale using the FAO guidelines on household 
dietary diversity using a 24-h recall. Results remain consistent if regressions in Columns (1), (2) and (4) are done using ordinary 
least squares. Standard errors (in parenthesis) are clustered at the village level.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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increase an individual's ability to undertake risk. We also see that the intervention had a direct 
positive association with household production and consumption diversity, which was the cen-
tral aim of the interventions. However, we do not know whether or how this relationship was 
mediated by changes in risk preferences.

For mediation analysis to be valid, we rely on three central assumptions (Ward 
et al., 2020). First, the treatment must impact the outcome without differentiating between 
the direct and indirect impact. Second, the treatment must also impact the mediating vari-
able, in our case risk aversion, to show that treatment predicts the mediator. Finally, after 
controlling for the mediator, the impact of treatment on outcome should be attenuated and 
the coefficient on the mediator should be statistically significant. We check for all these in 
turn. Since the outcomes of production and consumption diversity were answered by the 
main agriculture decision-maker in the household, we restrict the sample only to include 
those who answered the production and consumption diversity module. Table 7 shows that 
indeed, even within this restricted sample, treatment was a significant predictor of both 
risk aversion and consumption and production diversity. This satisfies Conditions 1 and 2. 
To test whether our mediation hypothesis holds, we re-estimate the main specification, 
also controlling for risk aversion (the mediator). In this case, we find that while the impact 
of treatment was indeed attenuated, the coefficient on risk aversion remains insignificant 
(Table 8). This implies that at least within the time period we were studying, changes in 
production and consumption diversity as a result of CARE interventions may not have 
been mediated by changes in risk preference, even though the program was successful in 
reducing aversion to risk-taking.

6  |   H ETEROGEN EITY A NA LYSIS

Since the intervention we study was focussed largely on women, we test whether the treat-
ment was effective in changing outcomes for women by looking at the women-only subsample. 
Hitherto, there has been wide agreement in the literature that women are more risk averse than 
men when confronted with decisions under uncertainty. In economics, for instance, Eckel and 
Grossman, 2002 and Croson and Gneezy (2009) find evidence supporting this along several 
dimensions, such as characteristics of the subject pool, strength of incentives, comparing gain 
and loss domains, and abstract versus contextual frameworks. Charness and Gneezy (2012) 
focus on a single elicitation method, the Investment Game, and find strong evidence that fe-
males are less willing to take risk. In psychology, Byrnes et al. (1999) using a broad definition 
of risk, from smoking to driving and gambling, analyse self-reported, incentivised as well as 
observed choices in a meta-analysis of 150 studies and find that males take more risks than 
females in most of the risk categories.

There are some recent studies that disagree with this previously established finding. A 
recent study by Filippin and Crosetto (2016) finds that gender differences in risk preferences 
are more of an exception than a rule. Using the Holt and Larry risk elicitation method, 
similar to the method used in our analysis, they find that the likelihood of observing gender 
differences crucially depends on the features of the task used to elicit risk preferences and in 
particular, on the availability of a safe option and fixed probabilities. Likewise, Fisher and 
Yao (2017) find that gender differences in financial risk tolerance result from differences in 
the relationship between several independent variables—economic characteristics, demo-
graphic characteristics and expectations—and risk tolerance for men and women, rather 
than gender itself. They argue that these variables serve as moderating variables in the re-
lationship between gender and risk tolerance. Nelson  (2016) also argues that widespread 
acceptance of statements like ‘women are more risk averse than men’ appears to be rooted 
more in confirmation bias than in reality. As Table 3 shows, in our study as well, we find 
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no difference in the risk preference between men and women, both by itself and when con-
trolling for other confounding variables.

However, we find that the program is associated strongly with relaxing risk aversion among 
women. Table 9 shows that women in the treatment group have a much lower probability of 
being in the high-risk-aversion category than those having low levels of risk aversion.

The program also has a strong positive association with women's aspirations. We find 
that women in treated villages had a significantly higher aspiration index z-score than in the 

TA B L E  7   Mediation analysis: first stage.

Direct Outcome

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

Cultivated in 
Rabi (0/1)

Cultivated pulses in 
Rabi (0/1)

Fraction of plot area 
for pulses in Kharif

Household dietary 
diversity score

Treated 0.04 0.16** 0.04* 0.28**

(0.047) (0.078) (0.019) (0.108)

Mediator Risk Averse

Treated −0.097**

(0.0424)

Observations 865 275 865 865

Note: In all four columns, the results report coefficients from ordinary least squares estimation. In Column 1, Panel 2 presents 
the probability of being highly risk averse (1) versus having low risk aversion (0) for the main agriculture decision-maker of the 
household. Standard errors (in parenthesis) are clustered at the village level. All regressions control for household wealth, plot area 
owned, household size, caste and household head characteristics, and other individual or household characteristics. Individual-
level regressions control for village fixed effects and household-level variables control for block fixed effects.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.

TA B L E  8   Mediation analysis.

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

Cultivated in 
Rabi (0/1)

Cultivated pulses 
in Rabi (0/1)

Fraction of plot area 
for pulses in Kharif

Household dietary 
diversity score

Risk averse −0.01 −0.08* −0.00 −0.16

(0.029) (0.044) (0.011) (0.110)

Treated 0.04 0.17** 0.04* 0.29***

(0.067) (0.079) (0.021) (0.109)

Risk averse −0.03 −0.05 −0.02 −0.22

(0.044) (0.058) (0.016) (0.137)

Treated 0.02 0.20** 0.03 0.22

(0.066) (0.097) (0.019) (0.161)

Risk averse × Treated 0.04 −0.05 0.03 0.12

(0.062) (0.088) (0.022) (0.211)

Observations 865 275 865 865

Note: The results report coefficients from ordinary least squares estimation. Standard errors (in parenthesis) are clustered at the 
village level. For (2), results are restricted to those farmers who cultivate in Rabi, and a Heckman sample selection test finds no 
selection bias among those farmers who chose to cultivate in Rabi and those who do not. All regressions control for household 
wealth, household land ownership, household size, dependency ratio, caste, household head characteristics and block fixed effects.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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control and were also more likely to score higher on the empowerment index. The probability 
of women in the treatment group being active members of at least one village group was also 
37% higher than in control (Table S1).

In addition to the outcomes for themselves, we also test whether the treatment had any 
association with women's aspirations for their children. We find that women in the treated 
group were likely to aspire to more years of schooling for their sons and daughters and 
more likely to believe that their daughter would be in a nonfarm, nonmanual labour pro-
fession (Table S2).

TA B L E  9   Risk aversion—female subsample.

(1)

High risk aversion

Treated −0.523***

(0.0360)

Scheduled caste −0.039

(0.0641)

Scheduled tribe 0.020

(0.0697)

Married = 1 −0.109

(0.0835)

Literate = 1 0.037

(0.0449)

Age −0.007

(0.0082)

Age squared 0.000

(0.0001)

Head of household −0.079

(0.1101)

Spouse of household head 0.054

(0.0501)

Dependency ratio 0.303

(0.2119)

Household size −0.016

(0.0114)

Household Wealth Index 0.030

(0.0252)

Plot area owned and operated −0.009

(0.0079)

Constant 0.960***

(0.1985)

Village fixed effect Yes

Observations 875

Note: The results report coefficients from a linear probability model. Column 1 presents the probability of being highly risk averse 
(1) versus having low risk aversion (0). Standard errors (in parenthesis) are clustered at the village level.

*p < 0.1, **p < 0.05, ***p < 0.01.

Source: Authors' calculations.
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7  |   POLICY IM PLICATIONS A N D CONCLUSION

This paper studies the impact of a large agriculture program that aimed to improve livelihoods 
and nutrition through the promotion of production diversification away from staple grains 
and towards more nutrient-dense crops such as pulses and vegetables. A large part of the pro-
gram was targeted towards women by using behaviour change communication disseminated 
through village and self-help groups. We first study whether the program was associated with 
relaxed behavioural constraints around risk aversion using field experiments and survey-based 
diagnostics. We also study the relationship of the program with direct outcomes such as pro-
duction and consumption diversity and indirect outcome measures such as empowerment and 
aspiration. We find that respondents in treatment villages are much more willing to take on 
risk, thus offering evidence that the program was associated with lower aversion to risk among 
the treated individuals. However, we find that the positive relationship of the intervention 
with production and consumption diversity was not mediated by a reduction in risk aversion. 
Overall, we find the interventions were associated with improved women's empowerment and 
aspirations, which is also reflected in higher aspirations for girls. Higher aspirations are the 
first step towards better outcomes, and future monitoring should focus on measuring how 
these aspirations convert into action as the program matures. In addition to increasing farm-
ers' willingness to accept risks, increasing community engagement and increasing women's 
empowerment, the evidence suggests that the intervention may have had broader positive ef-
fects, such as increasing active participation in village groups. In intervention villages, both 
men and women were much more likely to be active participants in community groups. This 
is encouraging since the intervention has focussed extensively on group-based activities and 
messaging towards promoting collective action.

Translating these findings into scalable programs is challenging, but the findings of our study 
offer some guidelines for designing interventions that aim to change fundamental behavioural 
preferences. Most importantly, our results show that social development and grassroots ap-
proaches are effective in inducing a shift towards changing production systems. A recommended 
programmatic first step is to build upon areas where community social development program-
ming already exists. As an example, recent research points towards the relative success of lever-
aging self-help groups formed under India's National Rural Livelihoods Mission (NRLM) in 
increasing knowledge about nutrition and agriculture (Raghunathan et al., 2018).

Our experiments also help identify heterogeneous differences in behaviour between men 
and women, which can guide more targeted interventions. We find CARE's interventions are 
positively associated with ancillary measures, such as empowerment and aspirations, espe-
cially for women. This is suggestive of the potentially broad reaching influence of the proj-
ect, beyond proximate outputs. Insights into the prevalence of behavioural constraints and 
interventions that relax such constraints fill an important knowledge gap in how to design 
programs that promote a variety of development interventions and remain a topic of further 
research and enquiry.
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