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Crop trait and varietal preferences are socially shaped, varying by gender,
experience, and on-farm roles. This drives preference heterogeneity, between
households but also within households. Adhering to the common practice of
only interviewing the household head as a representative of households, leads
to breeding programs collecting trait preferences that do not represent the
experiences of other members within that household. This dearth of data on
trait preferences of multiple household members could be hindered by the lack
of robust and agile methods to collect this data. Here we present a method
that explores intra-household differences between husbands and wives in trait
preferences through choice experimentation, coupled with questions that capture
decision-making, experience and time spent on farm to explore how these drive
preferences. Dissecting crop management into three dimensions, we explore what
drives intra-household heterogeneity in varietal preferences between husbands
and wives, as well as, decision-making, crop experience and time spent working
on the crop. We present preliminary results from testing this combined protocol
with 270 cowpea growing households (540 respondents) in Senegal. The findings
from this work hold promise to inform crop breeding programs on the value of
intra-household analysis for trait priority setting, while offering a new method
which is applicable by National Agricultural Research Organizations globally.
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1 Introduction

Breeding programs are becoming more demand-led, yet farmers do not always
accept the improved crops developed (see among others, Sheahan and Barrett,
2017; Macours, 2019; 2019; Takahashi et al, 2020). One of the
reasons this adoption gap may occur, is that varietal traits tend to be valued

Michler et al,

differently by different household members (Tufan et al, 2018; Marimo et al,
2020; Maligalig et al., 2021; McEwan et al, 2021; Krishna and Veettil, 2022). This
heterogeneity in intra-household preferences is poorly captured by existing crop trait
and varietal priority setting practices, with few priority setting studies focusing on
intra-household crop and trait choices (Marimo et al, 2020; Occelli et al, 2023).
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Members within a household diverge in crop trait preferences
when they face different constraints and have varied responsibilities
and production goals (Doss, 2001; Tecken et al., 2018; Weltzien
et al, 2019). Furthermore, crop management roles at different
stages within the crop life cycle are recognized to affect users’
acceptability of breeding products (Laborte et al., 2015; Ashby
and Polar, 2019). Yet, for setting trait priorities, crop breeding
programs frequently collect only the preferences of the household
head (or one member of the family) which are implicitly assumed
to reflect those of the entire household (Asrat et al., 2010; Pant
et al., 2012; Mengistu et al., 2019). The rationale behind this
trend is the assumption of the household as a single decision-
making unit where there is a shared utility function among family
members (Becker, 1965) despite the ample empirical evidence
that rejects the unitary household model (Hoddinott and Haddad,
1995; Udry, 1996; Attanasio and Lechene, 2002; Duflo and Udry,
2004). Interviewing only one person, usually the eldest man or the
head of household in the family, misses important information
about other actors in the household, resulting in only a partial
understanding of the adoption process (Joshi et al., 2019). This
is true even if women heads of households are interviewed, as
their experiences seldom represent the experiences of women
who live in male headed households (Doss and Kieran, 2013;
Carletto, 2021). As a result, there is a lack of literature on
the influence of intra-household preferences on crop decision-
making and technology adoption (Gulati, 2016; Maligalig et al,
2017).

As the recognition of the gendered division of labor and
knowledge in varietal selection continues to grow (Lope-Alzina,
2007; Teeken et al., 2018; McDougall et al., 2022; Smale et al,
2022), attention should shift toward understanding the influence of
intra-household dynamics on trait choices. If household members
possess different preferences for crop attributes, then this should
be considered by crop breeders when setting breeding objectives.
By doing so, breeders can practice more gender-equitable trait and
varietal development processes.

The scarcity of intra-household trait preference studies might
have roots in the orthodoxy around the unitary household
model, but we posit that it is also the lack of standardized
data collection methods that exacerbate this persistence. Looking
back at 30 years of socio-economic data collection, Doss (2021)
describes how feminist economics has been at the forefront
of intra-household analysis in socio-economic studies. Many
examples testify that intra-household data are increasingly made
available: among others, women’s empowerment is measured
intra-household with the Women’s Empowerment in Agriculture
Index (WEAI) (Alkire et al., 2013) and the World Bank
Living Standard Measurement Surveys — Integrated Surveys on
Agriculture (LSMS-ISA) collects plot-level data on who manages
the plot. Asset ownership is another topic where intra-household
data collection has been impactful (among others, see Deere
and Doss, 2006; Doss et al., 2014, 2018). Studies investigating
intra-household decision-making are also more numerous: among
others, worth citing here Bernard et al. (2019) which uses vignette
to describe how within households reasons of production and
consumption are made. There is however a dearth of data on intra-
household data on trait and varietal preferences from different
household’s members.

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1257076

To close the data gap between intra-household analysis and
trait preferences, exploration of methods which build on widely
known data collection tools, while leveraging best practices from
intra-household research are needed. In this study, we propose an
intra-household discrete choice experiment method for capturing
trait preferences, joining a brief survey module on intra-household
decision-making, time use and years of experience in a survey
administered to both husbands and wives!, combined with a
standard discrete choice experiment protocol. Dissecting crop
management into three dimensions, we explore what drives
intra-household heterogeneity in varietal preferences between
conjugal couples.

Discrete choice experiments have proven successful in
quantifying farmers’ preferences and produce results which are
tangible for breeders and plant scientists (Anugwa et al., 2022;
Miriti et al., 2022). Using a discrete choice experiment framework,
bundles of attributes are evaluated. This allows an assessment
of how individual choices change when one or more of the
attributes varies. Whenever prices are included in a discrete
choice experiment, individual choices can be expressed in terms of
willingness-to-pay for one attribute rather than another. A large
amount of literature has documented agricultural growers’ trait
preferences using choice experiments, with a particular emphasis
on sub-Saharan African countries (among others, see Labarta,
2009; Waldman et al., 2017; Kimathi et al., 2022). Discrete choice
experiments present non-negligible drawbacks as method, among
others the susceptibility to hypothetical biases and the limitation
in the number of traits that can define a crop, without risking
decision fatigue with an overwhelming number of choice sets or
traits per profile (Burns et al., 2022). However, the use of choice
experiments does have two main benefits. First, it does not require
longitudinal market data, which are hard to collect and rarely useful
in disentangling the effect of each trait on farmers’ choices due
to correlations between traits (Miriti et al., 2022). Second, choice
experiment analyses offer a means through which the nuances
of decision-making can be understood by providing insights into
implicit trade-offs between different traits (Khanal et al., 2017).

The quantification of trade-offs make discrete choice
experiments particularly informative for studying intra-household
heterogeneity in trait preferences, but the combination of choice
experiments and intra-household methods have not been explored.
On one hand, sex-disaggregated data on trait preferences have been
collected through choice experiments. For example, Marenya et al.
(2021) show that men and women farmers in Kenya have similar
preferences for maize traits but showcase different trade-offs
between traits. Martey et al. (2022) observe wide dispersion of
willingness-to-pay among women cowpea farmers relative to men
cowpea farmers in Northern Ghana, with participation in cowpea
training contributing to reduce the dispersion of WTP for both
men and women (for other examples, see Asrat et al., 2010; Fisher
and Carr, 2015; Kassie et al., 2017). However, few studies use choice
experiments with an intra-household approach and even fewer do
so for crop trait preferences. Intra-household choice experiment

1 If the household is not composed of a head and a single spouse (for
example, it is a polygamous household or a household headed by a widow),

respondents should be the adult man or woman agricultural decision maker.
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methods have been used mainly to explore the acceptance of new
agricultural technologies: see Gulati (2016) on rice transplanting
technology and Maligalig (2018) on rice improved varieties. Joshi
et al. (2019) combine measures of willingness-to-pay with results
from the Women’s Empowerment in Agriculture Index (WEAI),
finding that the respective gender roles of women and men in the
family and on the farm are aligned with their preferences for the
labor-saving direct-seeded rice technology. Krishna and Veettil
(2022) evaluated wheat preferences in 420 households in the
central Indian state of Madhya Pradesh. Most women respondents
were not actively involved in making decisions related to wheat
cultivation, including varietal selection. However, the results
indicate that women farmers were open to experimentation with
new varieties, a conclusion derived from their positive willingness
to pay for improved varietal traits.

Building especially on the work of Joshi et al. (2019) and
Krishna and Veettil (2022), we construct an intra-household
discrete choice experiment protocol to explore trade-offs and
preferences among crop attributes, in relation to decision-making,
experience and time spent on farm for conjugal couples. In
this paper, we present a description of our method along with
preliminary results from a pilot with cowpea growers in Senegal.
The choice of cowpea producers in Senegal to test the method itself
is a contribution to the literature, due to the scarcity of choice
experiments with farmers in the region. The paper is structured as
follows: Section 2 describes the method in detail, Section 3 presents
preliminary results, and Section 4 discusses findings considering
the protocol testing.

2 Description of the intra-household
discrete choice experiment method

The method has been developed by a team of agricultural
economists, breeders and gender specialists affiliated with the
Feed the Future Innovation Lab for Crop Improvement, based at
Cornell University (US), the Bureau of Macroeconomic Analysis
at the Senegalese Institute of Agricultural Research (Senegal) and
Cultural Practice, LLC (US). The method comprises a combination
of two tools: a brief survey and a streamlined discrete choice
experiment (see Appendix I for full tools). We summarize the steps
and process in Figure 1, with each step being administered to both
spouses within each household producing the crop of interest.
For good practice in collecting data from men and women, both
tools should be administered separate to the respondents, and
where possible by enumerators who identify as the same gender
category as the respondent. The method is crop and region -
agnostic, but it should be adapted to the crop and region of interest
whenever implemented.

2.1 The crop management module

The survey builds on the premise that decision-making
dynamics, experience with the crop, and time spent on producing
and processing the crop of interest may shape trait preferences
within the households. To collect enough information to test this
hypothesis, the survey is composed of three modules.
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S‘tep 1: Intra-household survey wodule
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Step 2 Discrete choice experiment

FIGURE 1

The intra-household discrete choice method. Both steps 1 and 2 are
administered to spousal couples, or male and female adult decision
makers as appropriate.

The decision-making module (Section B in AppendixI)
investigates who within the household make decisions on the crop
of interest, at the pre-harvest, harvest and post-harvest stage. Both
household members are asked who within the household makes
most of the decisions on crop varieties to be planted, inputs usage,
timing of cropping activities, land allocation, intercropping (if
practiced) and what to do with the harvested crop. Household
members can reply that they perform the activity alone, jointly with
their spouses, that their spouses alone are decision-makers, or that
other members of the household are making most of the decisions
on a specific activity. This module maps decision-making in well-
established indices such as the WEAI (Alkire et al., 2013) and it
mimics tools used in the literature on intra-household bargaining
outcomes and technology preferences (Chiappori et al., 2002; see,
among others, Akresh, 2005; Anderson et al., 2017). We are aware
of the shortcomings of directly elicited decision-making questions,
and the more recent best practice around vignettes as a more
effective method (Bernard et al., 2019), however for practicability
we have chosen to use the current approach.

Decision-making is not the only dimension which determines
intra-household trait preferences, with accumulating evidence that
experience (often proxied with age and gender) influences crop
management decisions within the household (Deressa et al., 2009;
Amare et al., 2018). Analogously, time spent working on the plot
where the crop of interest is cultivated is also important. Udry
(1996) identifies time as a key element to identify the relation
between gender and the agricultural production. Pierotti et al.
(2022) show how time poverty limits women’s role and preferences
in farming. In line with these studies, we enrich our survey with
a module on crop experience (Section C in AppendixI) and a
module on time spent on the plot (Section D in Appendix I), where
respondents are asked to list the experience (years engaged in the
production of the crop) and the time spent on activities related to
the crop production of each household member respectively. These
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three modules are accompanied by a brief introductory section
(Section A in Appendix I), where interviewed household members
are asked basic sociodemographic (age, gender, education level,
farmers’ group membership) and agronomic questions (land under
cultivation of the crop of interest and income from the crop).
Furthermore, each respondent interviewed is asked to compile a
roster of household members, declaring whether they are involved
in the production of the crop of interest.

In its entirety, the survey sheds light on the complexity
behind crop roles. By eliciting respondents’ own and others’
perceptions on decision-making, experience and time, the survey
highlights not only which household member scores higher in each
module, but also the degree of intra-household agreement on crop
roles. Furthermore, the interaction between decision-making, crop
experience and time, cemented by gender norms, is informative of
trait preference heterogeneity within the household.

2.2 The discrete choice experiment

The discrete choice experiment uses pictorial choice sets and
asks respondents to choose their preferred choice among a set of
predefined options. This part of the method follows closely the
established literature on discrete choice experiments (McFadden,
1973, 2001) and it contributes to elicit trade-offs among diverse
bundles of traits as the choices proposed to respondents represent
different combinations of traits for the crop of interest. Following
Kolstad (2011), Ryan et al. (2012), and Wasserman-Olin (2020),
we use the discrete choice experiment part of our method also
to examine the impact of variations in cowpea attributes on the
likelihood of an individual adopting a particular cowpea variety.
An example of a choice experiment card is reported in Section
E, Appendix I. Since the choice experiment is not gamified, cheap
talk and repeated opt-out reminders were given to respondents to
mitigate respondents’ bias (Tonsor and Shupp, 2011).

To select the traits included in the cards, along with the
associated levels, the method proposes a two-step approach. First,
a literature review establishes a potential list of traits that are
considered relevant by the respondents’ category (for example, crop
producers). Whenever possible, disaggregated trait preferences
based on several dimensions including gender, age and region
should be considered. Second, breeders specialized on the crop of
interest are consulted to inform which traits the national breeding
program is actively prioritizing, ensuring that the choices proposed
are appealing to the targeted category of respondents and trait levels
align to existing product profiles, and are actionable by breeders.

2.3 Data analysis and synthesis

Once data are collected through the intra-household discrete
choice experiment, the method allows to assess the utility of
different trait bundles. Researchers can employ any of the discrete
choice model suitable for this scope. We find it intuitive to employ
coefficients obtained from a mixed logit model and convert them
into probabilities of selection compared to the base level bundle.
The base level bundle is represented by a combination of traits
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which are assumed to be the least desirable by a respondent (e.g.,
low yield, low biomass yield, long maturity, etc.).

Utilizing a mixed logit model enables researchers to relax
the assumption that unobserved factors are uncorrelated over
alternatives and there is the same variance across all alternatives.
In the evaluation of alternative trait combinations, it is highly
unlikely that different unobservable respondents’ characteristics
(such as attitudes, beliefs, risk perceptions) are uncorrelated over
trait bundle alternatives. In a similar fashion, it is probable that
some trait bundle alternatives are less appealing for the overall
sample studied. therefore, the mixed logit model (or random
parameter logit) is flexible enough to permit heterogeneity across
individuals and time, and it overcomes the limitations of the
conditional logit model by allowing for random taste variation,
unrestricted substitution patterns, and correction in unobserved
factors (Train, 2009). Equation 1 specifies the mixed logit
utility function:

Uij = BiXjj + ¢jj 1

where B; is vector of mean attribute utility weights in
the sample and o; is the vector representing farmer i specific
deviation from the mean. Xj; are trait bundle alternatives and
gjj is the random error component. f; ensures that the mixed
logit coefficients vary among sampled respondents, generating the
heterogeneity exploited by the method to investigate different
intra-household probabilities of selection compared to the base
level bundle.

By considering the base bundle as the least attractive
trait bundle from the respondents’ perspective, modifying
just one level of the crop attribute significantly enhances
the utility and of farmers. More
specifically, the likelihood  of
selecting a specific trait bundle relative to the base bundle.

selection probabilities
probability indicates the
The attribute categories in a trait bundle “b” are dummy
variables, taking the value 1 if included and 0 if not. To find
the probability of selecting each bundle relative to the base
bundle, we transform the ordinal utility calculations into odds

following Equation 2.

Odds |, = e

Odds b
Prob, = 2
"% = Odds, + Odds pye @)

The probability of selecting a trait bundle relative to
the base bundle
way to synthesize the data collected through the method.

alternative is a rather straightforward
However, the method becomes particularly informative if
probabilities are disaggregated by socially relevant variables
collected through the socio-demographic or crop management
modules of the survey. Following Equation 2, probabilities
can be segmented by sex, by decision-making, time and
knowledge dimensions. Furthermore, they can be segmented
by agreement between respondents on responses to each module
and question.
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3 Piloting the method with cowpea
growers in Senegal

The testing of the method was carried out in the Peanut
Basin area, Senegal, in February-March 2023. The area includes
six administrative regions (Louga, Kaolack, Fatick, Diourbel, Thies
and Kaffrine) and it accounts for a sizable portion of the country’s
land area and population (Beye et al., 2022). We chose to focus on
these regions due to their high agricultural productivity, which is
critical to the country’s economy (Toure and Diakhate, 2020). In
these areas, crop production is primarily characterized by cereal-
leguminous rotations, with millet, maize, groundnuts, and cowpea
being the main crops grown for home consumption (United States
Agency for International Development, 2016).

The research team agreed to test the method with households
who are engaged in cowpea production for two reasons: first, the
study area experienced a decrease in rainfall levels in recent years,
leading to environmental degradation and loss of plant cover (Faye
and Du, 2021) which his has led to cowpea cultivation becoming
a strategic crop choice for farmers in the area due to its drought
tolerance compared to other rainfed crops; Second, in Senegal
cowpea is commonly grown by both men and women farmers
(Guendel, 2009; Smale et al., 2022).

3.1 Sampling and administration of the
socio-demographic and crop management
modules

In July 2022, the Senegalese Institute of Agricultural Research
collected an array of socioeconomic and agronomic data on
cowpea producers in the Peanut Basin area. This baseline data
provided useful insights on socio-demographic characteristics of
cowpea producers in the area, such plot size, number of varieties
produced, and top-2 ranked trait preferences by household heads.
This information was used to refine the intra-household choice
experiment and to guide the sample size calculation.

We wused a three-stage sampling technique to select
communes/municipalities, villages, and agricultural households
to include in the pilot. The number of communes per region
was determined by calculating the agricultural weight based on
each region’s 2017-18 cowpea production values, allowing us to
randomly select an average of four communes from each region.
Using GIS locations from the 2022 survey, we randomly chose
two villages from each selected commune, resulting in a total of
45 villages where we conducted our survey. To focus on intra-
household roles and preferences, we interviewed household heads
and spouses from monogamous and polygamous agricultural
households who produced cowpea. At the village level, we
randomly selected six households from a list of cowpea producers
in the region, provided by the village chief. Additionally, we chose
five households from the list as proxies to replace any original
households that were absent or unwilling to participate. The total
number of responding households was 270, and we collected data
from 540 individuals. Interviews were conducted in the homestead,
separately between heads of households and spouses to minimize
potential influence in responses and we randomized the order
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of the interviews in each household. In polygamous households,
we interviewed any available spouse who was involved in cowpea
production and could provide time, as we found no evidence of
any established ranking among the spouses in our study areas.

The survey team consisted of six enumerators (four men,
two women) from the Senegalese Institute of Agricultural
Research. We initially planned to pair same sex respondents -
enumerators, to avoid mistrusts and biases in responses, but
during recruitment we encountered difficulties to engage women
enumerators. Enumerators were selected for their prior surveying
experience and proficiency in local languages, specifically Wolof, to
effectively communicate with the participants. Before conducting
interviews, the enumerators received a week-long training on
the method objectives, on the survey and the discrete choice
experiment to ensure consistent and clear survey execution and
conceptual explanations.

3.2 Design of the discrete choice
experiment

To design the discrete choice experiment, we followed the
two-step approach previously described. Firstly, we conducted a
literature review on traits and attributes for cowpea in Senegal. Our
primary list of traits was inspired by the seminal paper by Kitch
et al. (1998), which classified each cowpea-related trait into three
categories - yield, quality and labor-related. Similarly, the baseline
data collection in July 2022 conducted by Senegalese Institute of
Agricultural Research in the same area informed the first list of 10
traits to be prioritized in the choice experiment.

However, to reduce the study complexity while maintaining
the efficiency of the choice experiment design, we had to further
restrict the number of traits. Evidence suggests that farmers make
correct choices when presented with fewer attributes in a choice
set, as this eliminates the tendency to ignore one or more attributes
in the experiment (Hensher and Greene, 2010). Therefore, as a
second step in this approach, we consulted two cowpea breeders
at the Senegalese Institute of Agricultural Research. We presented
them with a list of 10 traits and we co-evaluated which traits
would be included in the final experiment design. Following the
method, decisions were made according to producers preferences,
the ability to act on the traits by breeding programs, and according
to national program priorities for the current and future breeding
cycles. For example, grain yield and biomass yield were top ranked
by growers in the baseline survey, cowpea breeders were highly
interested in growers trade-off between grain yield and biomass
yield as cowpea is regarded as a dual-purpose crop. The relevance
of these two traits for both stakeholders’ groups and the fact
that the national breeding program has the mandate to breed
for dual-purpose cowpea in the next breeding cycle ensured that
both grain yield and biomass yield were included in the choice
experiment. On the contrary, taste was highly ranked by growers,
but breeders did not currently have the ability to phenotype their
breeding lines for taste (with neither consumer testing nor sensory
evaluation). Therefore, despite its importance taste was excluded
from the experiment, but noted by breeders as an area in need of
methodological development for phenotypic evaluation. The five
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TABLE 1 Traits and their levels included in the choice experiment.

Traits Levels Description
Grain yield High/Low The average grain yield per hectare
obtained by cultivating a specific
cowpea variety
Biomass yield High/Low The average forage yield per hectare
obtained by cultivating a specific
cowpea variety
Maturity Short Length of time between planting and
cycle/Long harvesting a cowpea variety
cycle
Pod filling Less seeds per The number of seeds per pod produced
pod/More by a cowpea variety
seeds per pod
Seed size Small/Medium/ | The size of harvested grain
Large

final traits were included in the discrete choice experiment are
shown in Table 1. We chose to specify the level in a qualitative form
(e.g., short and long cycle, instead of providing the exact number
of days) since we could not find enough evidence in the literature
to quantitatively construct all levels precisely. We completed the
design of the choice experiment choosing pictorial representations
of the traits selected. For grain yield, biomass yield and seed size
we utilized pictures taken at local markets, while maturity and pod
filling were exemplified through vignettes. We acknowledge that
the representation of pod filling through vignette might be partially
misleading for respondents.

We used JMP, a statistical software, to create the choice
profiles included in the experiment based on the attributes and
levels described in Table 1. A full-factorial design of 192 possible
combinations (24 x 3 x 4) was obtained, given that we had 4
attributes with two levels, 1 attribute with three levels, and 1
attribute with four levels. However, since it is impractical to expect
farmers to evaluate 192 choices, we used a D-optimal design
using the JMP software. A D-optimal design is an algorithmic
approach used in choice experiments to maximize the determinant
of the information set used in the design of experiments with
multiple treatments. It is designed to maximize the differences in
attribute levels across alternatives, provide the best subset of all
possible combinations and yield data that enables the estimation
of parameters with low standard errors (Kimathi et al., 2022). Our
generated design had a D-efficiency value of 99.28, indicating a high
level of D-optimality (Kuhfeld, 2010). Further, we used a blocking
strategy to mitigate the potential impact of presenting too many
choice tasks on the respondents’ decisions, as this helps to improve
response efficiency by reducing the cognitive effort required from
each respondent (Hanley et al, 2002; Johnson et al, 2013). A
fractional factorial design with 24 choice sets was generated and put
into three blocks, each consisting of 8 choice sets. Participants in the
choice experiment were randomly assigned to one of the blocks and
presented with 8 independent choice sets, with the sequence of the
sets randomized within each block. Each choice set depicted a real
market situation with two alternatives and an opt-out option, and
participants were asked to choose their preferred alternative based
on the attribute levels presented. In total, the study gathered 12,960
individual choices (540 farmers x 8 choice sets x 3 alternatives).
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TABLE 2 Trait variables included in the utility Equation 3.

Variable Specifications in Equation 3

Low (base)
High (grain yield = 1)

Grain yield

Biomass yield Low (base)

High (biomass yield = 1)

Maturity Long (base)

Short (maturity = 1)
Pod filling Fewer seeds per pod (base)

More seeds per pod (pod filling = 1)
Seed size Small (base)

Medium (seed size = 1)
Large (seed size = 1)

which is specified as
Seed size medium
Seed size large

3.3 Synthesis of results and segmentation
of bundle probability by a socially relevant
variable

We estimated respondents’ choice utility following Equation 1,
including the cowpea traits of the choice experiment (i.e., grain
yield, biomass yield, maturity, pod filling, seed size) as explanatory
variables. The utility derived by producer i from choosing cowpea
bundle j at choice occasion ¢ is shown as:

Uijt = aijjt + P1GrainYieldy: + poBiomassYieldj + B3 Maturity;je
+pB4PodFilling;jr + PsSeedMediumij: + BsSeedLargeijr + &ijt

©)

The dependent variable is a binary variable defined as 1 if
respondent i chooses cowpea alternative j in a choice set t. We
encode all traits in the equation using a dummy variable. The base
level for each attribute is used as the reference to compare the
change in producers’ utility. The base level used across all model
specifications is low grain yield, low biomass yield, long maturity,
fewer seeds per pod, and small seed size (Table 2).

To analyze the utility of the cowpea bundle, we use the
coefficients from Equation 3 and transform them into probabilities
of selection as compared to the base level. We calculate the utility
of the cowpea bundle as:

Uy = P1GrainYieldy + BoBiomassYield, + B3 Maturity,
+B4PodFilling, + BsSeedMediumy, + BeSeedLargey,

where bundle utility b is the sum of the utility for each trait
category. The trait categories in bundle b are dummy variables,
taking the value 1 if preferred and 0 if not. To find the probability
of selecting each bundle relative to the base bundle, we transform
the ordinal utility calculations into odds. In this analysis, all
probabilities indicate the likelihood of selecting a particular bundle
in comparison to the base bundle. We consider the base bundle as
a cowpea variety with low grain and biomass yield, long maturity,
fewer seeds per pod, and small seed size (the least desirable
baseline). To calculate the bundle probabilities, we adapt Equation
2 to our specific case under analysis (Equation 5):
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TABLE 3 Mixed logit coefficients from Equation 3.

10.3389/fsufs.2023.1257076

Variables Mean Standard deviation
Coefficients Standard error Coefficients Standard error

Grain yield 2,068 (0.115) 1.569%* (0.120)

Biomass yield 1.318%+ (0.0962) 1.365%* (0.120)

Maturity 1.209%+ (0.0961) 1416 (0.103)

Pod filling 0507+ (0.0702) 0.884** (0.107)

Medium seed size 0.378*** (0.0895) 0.0784 (0.210)

Large seed size 0.716*** (0.0930) —0.775%** (0.139)

Observations 12,960 12,960

Ll —2527 —2527

Aic 5082 5082

Bic 5187 5187

Significance level: p-value < 0.01 (***); < 0.05(**); < 0.10 (*).

High Grain Yield | 8%
High Biomass Yield NGNS 79%
Short Maturity I 76%
More Seeds Per Pod [N 62%
Large Seed Size NN 67%

0% 20% 40% 60% 80% 100%
FIGURE 2
Cowpea bundle probability analysis, overall respondents.
Odds , = &%
Prob, = — 2080 (5)

Odds , + Odds pgge

As previously specified, the bundle probability analysis can
be segmented using socially relevant variables. To showcase the
potential of the method, we further synthesized findings from
Equation 5 by (i) respondents’ sex, (ii) intra-household level of
agreement on who decides which variety is to be planted and
by (iii) respondents’ level of experience in growing cowpea. We
first calculated the bundle probability analysis for women and
men respondents separately. Secondly, we disaggregated bundle
probabilities by the intra-household level of agreement on who
decides which cowpea variety is to be planted. Whenever two
members of the same household agree on who is the decision-
maker for this specific cowpea pre-harvest activity, we consider
that household to be in agreement on who decides which cowpea
variety is to be planted. Therefore, we calculated the bundle
probabilities for those households in agreement on cowpea variety
decision-making with respect to households not in agreement.
These results are shown in Figure 4B. Finally, we disaggregated
by respondents’ experience in growing cowpea: we distinguish
between those with more than 20 years of experience and those with
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0,
46,3% 53,7%

» Disagree

= Agree

FIGURE 3
Proportion of households in agreement on who decides which
cowpea variety is to be purchased.

less. The 20-years cut off has been chosen since it is the mean of the
variable distribution.

The three socially relevant variables we showcase in this
study are just two of the possible segmentations which our
method allows us to compute. The method permits disaggregation
either by composite indices aggregating decision-making, time
and experience into crop roles or by decision-making, time and
experience individually. Furthermore, disaggregation can be made
at pre-harvest, harvest and post-harvest stages.

4 Preliminary results showcasing the
potential of the method

Mixed logit model coefficients from Equation 3 are shown
in Table 3. These coefficients are not disaggregated and represent
the influence of independent cowpea attributes on farmers’ choice
utility and signals their preferences for each trait.
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A 86%

High grain yield 91%

High biomass yield 86%

76%
78%

o

3
3

3

Short maturity

62%

More seeds per pod 859

67%

Large seed size 87%

0% 20% 40% 60% 80% 100%

mMale mFemale

B
87%

High grain yield 90%

High biomass yield 74%82%

78%

Short maturity 76%

]
More sceds per pod - |, °=:.

0% 20% 40% 60% 80% 100%

u Intra-household disagremeent u Intra-household agreement

C
High grain yield EEE————— 87%
High biomass yield — 82%

Short maturity — 80%

More seeds per pod EEGEG—_—_—_———————— 62

Large seed size _62§/;%

0% 20% 40% 60% 80% 100%
mRespondents > 20y experience = Respondents < 20y experience

FIGURE 4

Bundle probability analysis by socially relevant variables. (A)
represents disaggregation by gender, (B) shows disaggregation by
household agreement, and (C) by respondents’ years of experience.

Building on coefficients from Table 3, results from the
probability analysis are shown in Figure 2. When a trait level is
changed compared to the base bundle, the probability analysis
shows how much more likely respondents are to choose the new
variety. The base level represents the least-attractive bundle from
the respondents’ perspective, and it has a 50% probability to be
chosen over any other bundle. Our findings reveal that respondents,
in general, prioritize high grain yield as the most important
attribute in cowpea varieties, followed by biomass yield and short
maturity. Specifically, when a high grain yield is offered instead
of a low grain yield, the likelihood of respondents selecting the
new cowpea variety increases from 50% (base bundle) to 88%
for the new bundle, with all other traits kept constant. Similarly,
when a high biomass yield is offered instead of a low biomass
yield, the probability of respondents selecting the new cowpea
variety increases from 50 to 79%. Early maturity shows a similar
importance, increasing the probability of selecting the new variety
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from 50 to 76%. More seeds per pod and large seed size do influence
the probability of choosing the new variety too, but the effect is
smaller compared to other traits in the bundle.

These findings build on those from the choice experiment, and
they are interesting per se as there are no similar studies currently
existing on cowpea in Senegal. However, they do not exploit
the entire potential of the intra-household method proposed.
To display how the survey can support the segmentation of
the findings, we decided to present the probability analysis by
respondents’ sex, by intra-household level of agreement on who
decides which cowpea variety to plant and by experience. In the
sample of this pilot, household head respondents are always men
while spouses are always women. The proportion of households
in agreement regarding who decides on which cowpea variety to
purchase is shown in Figure 3.

The figure shows that 53.7% of intra-household respondents
disagree on who the major decision maker on the variety to be
planted is. Data shows that most disagreements occur when both
the household heads and spouses identify themselves as the main
decision-makers and choose the respondent alone option while
answering the “who decides” question on planting cowpea variety.
In a smaller number of cases, members identify each other as the
main decision-maker (i.e., head identifies spouse or vice versa) and
this is still considered a disagreement. Discussions on why these
mismatches exist would require a thorough study on gender norms
in Senegal and this goes beyond the scope of this methodological
paper. We will just say that these discrepancies signal an intra-
household heterogeneity which is frequently ignored by crop
breeding programs in their priority setting analysis and that this
heterogeneity might have implications for seed and marketing as
well as adoption. For 53.7% of the households in our sample, the
survey question “who decides which cowpea variety to be planted”
will have a different answer if asked of the household head or of
the spouse. A study not including an intra-household design would
have missed this discrepancy, along with others driven by socially
relevant variables. To demonstrate how the method is novel in this
regard, we go on to regenerate (Figure 2), using responses from the
intra-household module.

Figure 4 depicts bundle probability differences for three
different segments: men and women respondents (Figure 4A),
intra-household agreement on the “who decides” question
on planting cowpea variety and intra-household disagreement
(Figure 4B) and respondents’ experience on growing cowpea
(Figure 4C). Findings segmented by gender reveal that the
probability of women respondents to select a new cowpea variety
is driven predominantly by high grain yield. When a high grain
yielding variety is offered, the likelihood of choosing the new
cowpea variety increases from 50% (for the base bundle) to 91%
for women, and the increase is significantly higher than for men.
Conversely, the probability of choosing a new cowpea variety which
is more biomass yielding increases to 67% for women and 86%
for men.

Figure 4B highlights bundle probabilities differences according
to intra-household agreement on who decides which cowpea
variety is to be planted. Bundle probabilities do not differ
significantly for the three traits of high grain yield, short maturity,
and more seeds per pod. For respondents which show intra-
household agreement the probability of choosing a new variety
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which has large seed size is higher than for respondents with
intra-household disagreement, but the probability differences are
still relatively small (+6%). The narrative is however quite different
for high biomass yield: respondents which show intra-household
agreement appear to have a probability of choosing a high biomass
yielding variety which increases from 50 to 82%, while the one of
respondents with intra-household disagreement is at 74%. Finally,
Figure 4C depicts bundle probabilities by respondents’ years of
experience. In this case, differences in trait preferences widen
with more experienced respondents preferring short maturity and
high biomass yield more than respondents with relatively less
experience. The stark difference in bundle probabilities especially
on short maturity is very interesting, as it has not been documented
previously.

In its entirety, Figure 4 stylizes how the method proposed in
this study makes apparent the complexity behind trait preferences.
Combining an agile intra-household survey and a streamlined
choice experiment, the method gives cross-functional breeding
teams the opportunity to quantitatively measure trait preference
differences at the intersection between gender, crop roles, decision-
making, experience and time.

5 Discussion

Overall, the signs of the two yield coeflicients indicate that
farmers prefer cowpea varieties with high grain and biomass yields
in comparison to low yielding varieties (Table 3). These findings
suggests the breeding programs the need to prioritize breeding
for dual-purpose varieties in Senegal, as farmers use this crop
both for human consumption and animal feed, as biomass yield
as a desirable and marketable trait. Looking at the coefficients for
the maturity and pod filling traits, respondents exhibit a stronger
preference for short maturity compared to long maturity, and
for more seeds per pod over fewer seeds per pod. The short
rainy season in Senegal might be one of the contributing factors
driving the preference for short maturity. Evidence shows that early
maturity in crop varieties help coping with short rainy seasons
(Abdou, 2021). Furthermore, early maturity in cowpea seems to
allow producers to avoid pest and disease infestation that typically
occurs at a later stage of cropping seasons (Owusu et al., 2021).
More seeds per pod is a trait tied to yield and scholars in the
past have considered more seeds per pod also as a labor-saving
trait, as it reduces farmers’ effort in threshing for a given quantity
of cowpea (Kitch et al., 1998). Lastly, respondents seem to prefer
cowpea varieties with larger or medium seed sizes over those with
smaller seed sizes. In similar studies on preferences across West
African countries, cowpea value chain actors have specified their
preferences for larger seed size as they believe that consumers
in West African regions are ready to pay a premium for such
quality (Langyintuo et al., 2003; Mishili et al., 2009; Bolarinwa
et al, 2021; Mohammed et al, 2021). The high significance of
each trait in Table 3 suggests that each of these traits is generally
preferred by respondents. However, in cases when the breeding
team is not able to breed for all these traits equally, it is important
to investigate trade-offs.

Figure 4 is however the one exemplifying the full potential of
the method. The presentation of bundle probabilities segmented
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by socially-relevant variables is instrumental to study whether
intra-household heterogeneity in trait preferences is driven by
respondents’ roles in crop choice and production. The focus on
these roles transcend sex-disaggregation, to include aspects of
decision-making, time, and experience on the crop. The proposed
method rests on the assumption that a higher intra-household
heterogeneity in trait preferences is paired with a higher intra-
household heterogeneity in decision-making, experience and time
spent. Furthermore, higher intra-household disagreement on crop
roles might lead to higher intra-household heterogeneity in trait
preferences. The method and the suggested data synthesis via
bundle probabilities enable us to test both hypotheses.

For example, short maturity, more seeds per pod and large
seeds are traits desirable equally for both women and men.
As the Senegalese national breeding program is interested in
breeding for dual-purpose cowpea, these intra-household gendered
preferences on grain yield and biomass yield hint at the fact
that gender entry points should be systematically integrated into
the breeding pipeline, to ensure that improved dual-purpose
varieties mediate women’s and men’s needs. However, households
showing intra-household agreement present trade-offs between
grain yield and biomass yield which are different from households
in disagreement. Hypotheses on why this might happen are
multiple: households in agreement on who decides which cowpea
variety is to be planted might prefer high biomass yielding
varieties because the agreement is driven by more discussion within
the family and convergence of preferences or, on the contrary,
heads’ preferences become predominant in pre-harvest choices.
Whatever the underlying mechanism, results disaggregated by
intra-household agreement raise awareness on the relational nature
of trait preferences, with individual choices being shaped by other
household members’ preferences.

6 Conclusions

This study presents a new method for exploring intra-
household trait preferences using choice experimentation.
Dissecting intra-household crop roles into three dimensions, we
explore what drives intra-household heterogeneity in varietal
preferences between gender, decision-making, crop experience
and time spent working on the crop. Combining an agile
intra-household survey and a streamlined choice experiment,
preliminary results from the pilot exemplifies trait differences
segmented by a battery of socially relevant variables. Next to
findings disaggregated by gender, which contribute to a long-
standing stream of literature in priority setting, the method is able
to dissect preferences by less investigated — but equally relevant
- variables, such respondents’ years of experience and the level
of intra-household agreement on who decides which variety is to
be planted. Similarly, the method can be adjusted to account for
other economically relevant variable which play a role in shaping
farmers’ trait preferences, such as land and input ownership.

The method gives cross-functional breeding teams the
opportunity to quantitatively measure trade-offs in trait
preferences, considering trait choices an intersection between
respondents’ gender, crop roles, decision making, experience,
and time. By suggesting a method which combines agile and
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streamlined tools (i.e., a brief intra-household survey and a
traditional discrete choice experiment), we supply social scientists
within breeding teams with a data collection method which
promotes attention to diverse market segments in setting
breeding priorities.
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