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Abstract

To increase adoption of new agricultural technologies, both push (sup-
ply side) and pull (demand side) factors are important. A popular supply
side intervention to increase adoption of a particular technology is some
level of subsidy. In a first intervention, we thus provide seed trial packs to
a random subset of Ugandan maize farmers. In addition to the supply side
intervention, we also test the relative effectiveness of a demand sided inter-
vention to increase adoption of improved seed varieties. In particular, we
cross-randomize an intervention where households are demonstrated how
to prepare the new seed variety and get the ability to taste it. This doc-
ument is a pre-registered report based on simulated data that integrates
R code in a dynamic latex document. The R code was prepared before
data collection and will be used to analyze endline data when it becomes
available. This document thus serves as an extra safeguard (in addition
to the pre-registered pre-analysis plan) against specification search and
selective reporting of results.
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1 Motivation

In development economics, long run change often requires both push and pull
factors simultaneously creating to a new equilibrium. For example, value chain
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upgrading often involves some kind of acceleration in the demand of the under-
lying commodity downstream (for instance after opening up of a new export
market) and a matched supply side disruption upstream (such as a technologi-
cal innovation that increases productivity). Similar arguments may hold for the
adoption of a new technology, where farmers may change behavior in response
to both the supply of the new technology and an increase in demand for the
commodity that emanates from the new technology.

A popular supply side intervention to introduce a new agricultural technol-
ogy is some level of subsidy. Private sector actors such as seed companies or
agro-input dealers often use trail packs, as they realize farmers may be reluctant
to try out a new product. Public actors may think commercial seed are out of
reach of poor households and want to kick-start large scale adoption by provid-
ing the initial investment. The case for free (or subsidized) inputs also stems
from potential externalities: it is well established that one of the most effective
ways to increase technology adoption is through peer learning, and both private
and public partners may attempt to leverage social learning (Conley and Udry,
2010; Bandiera and Rasul, 2006). Furthermore, informal seed systems used by
farmers often suffer from decades of seed degeneration due to recycling of seed
introduced during colonial times (McGuire and Sperling, 2016). Injecting new
seed varieties can be an important strategy to improve the overall seed stock in
the informal sector. For instance, public research organizations often invest in
open pollinating varieties (OPVs) that can be recycled to some extent without
losing vigor.

Studies on adoption often focus solely on the supply side, and it is assumed
that supply related attributes such as high yield or drought resistance are also
the traits that farmers seek. As such, in information dissemination and market-
ing of new seeds, these attributes are singled out. However, previous exploratory
data analysis suggests that both ease of cooking and taste are also important
characteristics that determine the choice of what varieties to adopt. We thus
also evaluate the effectiveness a second intervention that targets the demand
side — cooking demonstrations where farmers can familiarize themselves with
maize derived from the improved seed varieties (Low et al., 2007). The cooking
demonstrations are designed to overcome some of the potential biases farm-
ers may have with respect to consumption related traits of varieties that are
considered “foreign”.

This document serves as a pre-registered report plan for the study. It in-
tegrates R code to run the entire analysis based on simulated data into a dy-
namic Latex document using the Knir engine. As such, once the endline data
is collected, one only has to change the dataset and results will appear. This
will make compiling the endline report quicker and provide a useful reference
in evaluating the final results of the study (Humphreys, Sanchez de la Sierra,
and van der Windt, 2013; Duflo et al., Working Paper). The R-code and this
document is under revision control and can be found on github.


https://github.com/bjvca/mippi_UG/tree/master/papers/reg_report

2 Relation to the literature

As the use of seed trial packs touches on many constraints, our study touches
on various strands of the literature. For instance, providing free or subsidized
seed directly to farmers removes access related constraints, such as situations
where agro-input dealers would not have sufficient stocks of seed at the right
moment (Shiferaw, Kebede, and You, 2008). Seed trial packs are often dis-
tributed to enable farmers to overcome aversion to risk, ambiguity, or other
forms of uncertainty (Chavas and Nauges, 2020; Boucher et al., 2021). The
amount of subsidy also removes financial constraints (Abate et al., 2016). The
opportunity to learn from trial packs may also be a substitute for information
provided by agricultural advisory services (Shiferaw et al., 2015; Van Campen-
hout, Spielman, and Lecoutere, 2021). As mentioned above, new technologies
are also sometimes subsidized by governments in the hope that model farmers
set up demonstration plots to encourage peer learning (Conley and Udry, 2010)

That said, there are surprisingly few studies that directly evaluate the ef-
fectiveness of seed trial packs to accelerate technology adoption. Biedny et al.
(2020) find that in Tanzania, adding trial packs to demonstration plots in the
context of village based agricultural advisors does not significantly affect input
sales, orders received, or learning. In many studies, the impact of seed packs
itself are not the subject of research, but rather some attribute of the seed (like
the risk reduction potential, eg. Boucher et al., 2021).

Also related is Morgan, Mason, and Maredia (2020), who compare different
extension approaches, one of which involves the use of trial packs. Their outcome
is not subsequent adoption of the new technology, but the willingness to pay,
which is elicited using a Becker-DeGroot-Marschak (BDM) auction. As such,
their interest is more in explaining dis-adoption once new technologies are sold
through traditional market channels. They find that, in the southern highlands
of Tanzania, bean farmers’ willingness to pay is not affected by seed trial packs.

There seem to be even less studies that look at demand side interventions
to spur technology adoption. In general, demand side interventions such as
cooking demonstrations are primarily concerned about nutrition education (eg.
Reicks et al., 2014). Experiential interventions like tasting rarely go all the way
back to decisions on what to plant.

3 Methods and experimental design

We use a field experiment to test the effectiveness of free trial packs and the
consumer side interventions. To do so, we use a cluster randomize control trial
that takes the form of a 2x2 factorial design. Each factor has a control and a
treatment level and the interventions are clustered at the village level. In each
village a fixed number of households is be selected.

The first factor corresponds to the supply side treatment. In the treatment
level of this factor, farmers in treatment villages receive a free sample of a new
improved seed variety (bazooka). In the control level of this factor, farmers do



not receive a free sample pack (but they do get something of similar value—a
so-called token of appreciation—to account for potential income effects). The
second factor corresponds to the demand side intervention. In the treatment
level of this factor, farmers in treatment villages will be exposed to a cooking
demonstration where farmers are provided with the opportunity to taste food
prepared using the promoted variety, and directly compare this to food that was
prepared using the local variety. In the control level of this factor, we did not
organize these kind of events.

4 Treatments

For the first factor, the treatment level consists of a seed trail pack that the
household receives. This trial pack is of an improved seed variety (hybrid seed)
that is available in the market but at the same time not yet widely adopted
by farmers. In particular, we used 1 kg bags of bazooka, which is sufficient to
plant about 1/8 of an acre. The control level for this factor is simply be the
absence of a seed trial pack, that is, these household do not receive a seed trial
pack. However, in both treatment and control groups, we inform farmers about
the existence of the improved seed variety and the benefits of using them, to be
able to isolate the effect of the trail pack from merely knowledge effects.

For the second factor, the treatment level consists of a cooking demonstration
and tasting event. Here, participating farmers of the treatment villages are
invited to a central place (the village chairperson’s residence) for a facilitated
meeting. The meeting starts by asking the group to mention the most commonly
grown varieties by farmers in the village. These varieties are then grouped
into “improved seed varieties” and “local seed varieties” (Omusoga) on a flip-
chart. Farmers are then asked to rate the two categories on various consumption
attribute by show of hands. To guide the discussion, the flip-charts already
indicate the five most common consumption traits: taste, texture, colour, aroma
and the degree to which the flour expands while cooking.! Farmers can add as
many traits as they see fit.

After the rating, we proceed with blind tasting. We ask a volunteer from
the farmers to prepare “posho” twice, once using flour obtained from local seed
and once using flour from Bazooka (the hybrid seed variety that was also used
for the seed trial pack). The cook did not know which flour was from which
maize type. The resulting dishes are then displayed on a table and farmers
are invited to taste the two varieties (indicated as the variety on the left and
the variety on the right). The two varieties that were tasted are rated on the
various consumption attributes and farmers are again asked to indicate which
of the two samples are superior on each attribute by show of hands.

Finally, results are discussed within the group. Farmers are told that one

IThese consumption traits were based on focus group discussions. The expansion prop-
erty, whereby the increased starchiness results in “more food from less flour” was mentioned
especially by women. When starch is heated with water, the starch granules swell and burst,
causing them to break down and release the glucose molecules into the water.



of the two samples was made from flour obtained from local maize, while the
other was from an improved maize type called Bazooka. We then asked farmers
to guess which of the two samples was based on flour from the local variety and
which was from the improved variety and then reveal the truth. 2

Treatment assignment is at the village level, as we want to avoid that a
control farmer (that gets a bar of soap as a token of gratitude) lives right next
to a treatment farmer that gets a bag of maize seed for free. Furthermore, it
will also reduce potential concerns about spillover effects from the treatments.

5 Estimation and inference

We will use ANCOVA models to assess impact. As randomization happened at
the village level, we estimate a similar equation:

Yi; = a+ BT + BpTP + BITSTP + 6V + ¢ (1)

where TZ-S is a dummy for the supply side intervention treatment status of
village i and TP is a dummy for the demand side intervention treatment status
of village i. We also allow for an interaction effect between the two treatments
and control for baseline outcomes to improve precision. We use HC3 standard
errors clustered at the village level.

Factorial designs have recently been criticized for the proliferation of under-
powered studies and replication failure (Muralidharan, Romero, and Wiithrich,
2019). While in the previous section we ran power calculations based on models
with a complete set of interactions (as on equation 1), we may still want to
try boosting power by pooling observations across the orthogonal treatment in
the event that we find a treatment effect that appears smaller than the min-
imal detectable effect size that we assumed during power calculations. To do
so, we will consider the orthogonal treatment as a co-variate we adjust for, and
interact the treatment variable with the demeaned orthogonal treatment. This
give a more robust version of the treatment estimate that corresponds to the
coefficient estimate of the treatment of interest after dropping the interaction
with orthogonal the treatment:

Vij = a+BuTM + Bo (TP = TO) + BiTM (TP - TO) +6Ye), + i (2)

Where now T is a dummy for the main treatment and 7, is a dummy for
the orthogonal treatment (which enters in deviations from its means).

Because we will test for treatment effects on a range of outcome measures,
we will deal with multiple outcomes and multiple hypotheses testing by means of

2During testing in the field, we always found that a large majority of farmers indicated
before tasting that local seed excels in almost all dimensions (sweeter taste, whiter, better
aroma,...). During tasting, almost all farmers consistently ranked the sample based on Bazooka
as superior. After the tasting, most farmers indicated that the superior sample was from the
local variety, which in reality it was maize obtained from Bazooka maize.
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two approaches. Firstly, we follow a method proposed by Anderson (2008) and
aggregate different outcome measures within each domain into single summary
indices. Each index is computed as a weighted mean of the standardized values
of the outcome variables. The weights of this efficient generalized least squares
estimator are calculated to maximize the amount of information captured in
the index by giving less weight to outcomes that are highly correlated with each
other. Combining outcomes in indices is a common strategy to guard against
over-rejection of the null hypothesis due to multiple inference. However, it may
also be interesting to see the effect of the intervention on individual outcomes.
An alternative strategy to deal with the multiple comparisons problem is to
adjust the significance levels to control the Family Wise Error Rates (FWER).
The simplest such method is the Bonferroni method. However, the Bonferroni
adjustment assumes outcomes are independent, and so can be too conservative
when outcomes are correlated. We therefore use a Bonferroni adjustment which
adjusts for correlation (Sankoh, Huque, and Dubey, 1997; Aker et al., 2016)

6 Timeline

There are two maize growing seasons in the area we are planning to work. One
(locally know as Entoigo) is running from march /april to june/July, the other
(Nsambya) from August/Sept to November/December.

We distributed trail packs together with baseline data collection about a
few months before planting. After the first season, we then implemented the
cooking demonstration and tasting session in time for the second season of 2023.
Endline data was collected in February 2024.

7 Sample

Sample size was determined through a series of power simulations that can be
found in the pre-registered pre-analysis plan. The primary outcome we use is
a binary indicator for use of improved seed at the farmer level. We use the



following assumptions for the power calculations. The primary outcome we
use is a binary indicator for use of improved seed at the farmer level. Using
data previously collected as part of a different project from 3450 smallholder
maize farmers located in 345 villages, we find that about 64 percent of farmers
indicate that they are already using improved seed. However, this is likely to be
an overestimate as these farmers were sample from clients of agro-input dealers,
and the question asked was if the farmer had ever used improved seed. We thus
use a baseline seed use rate of 32 percent, which is closer to mean of 34 percent
reported in the same area in Van Campenhout, Spielman, and Lecoutere (2021).
Inter cluster (within village) correlation for this outcome has been estimated to
be 0.15. We assume similar treatment effects for both the seed trail treatment
and the consumption (a 13.5 percentage point increase). For the interaction
effect, we assume a 23.5 percentage point increase. We use HC3 standard errors
clustered at the village level for the power calculations. R code can be found
here.

After running a series of power simulations, we converged to a sample con-
sisting of 148 villages with 10 households in each village. In this design, 74
villages or 740 households will receive a free trial pack and 74 villages or 740
households will be exposed to the consumption side treatment. Half of these will
overlap, that is, about 37 villages or 370 households will receive both treatments.
With this setting, we are not powered to detect the three effects simultaneously.
In only 68 percent of cases we are able to estimate a positive effect at the five
percent significance level for both treatments and their interaction. However,
if we consider the treatments separately, we hit conventional power levels for
both treatments, and get up to 0.97 for the interaction effect. We are certain to
identify at least one of the three parameters of interest (seed packs, consumer
intervention, or the interaction).

The study will be implemented in Eastern Uganda in an area known as
the Busoga Kingdom. We will sample from 4 districts that have relatively low
adoption (compared to neighboring villages) but a good network of agro-input
dealers. Using data that was previously collected as part of a different study,
we found that the districts of Kamuli, Mayuge, Bugweri, and Bugiri fit these
conditions.

The study population consists of smallholder maize farmers. To get a ran-
dom sample of the population, villages will be randomly selected with proba-
bility proportionate the the number of households living in the village. In each
sampled village, 10 households will be randomly selected to participate in the
study.

8 Balance test

We pre-registered 10 variables that will be used to demonstrate balance in our
design. Half of these are characteristics that are unlikely to be affected by
the intervention, while the other 5 are picked from the primary and secondary
endline outcomes. Here is the balance table:


https://github.com/bjvca/mippi_UG/blob/master/study_design/power_analysis.R
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9 Results

9.1 Adoption

Adoption of improved seed varieties is the primary outcome of interest in this
study. Table 2 looks at adoption in general. Outcomes are combined in a
summary index test following Anderson (2008) as a first safeguard to over-
rejection due to multiple hypothesis testing.

Table 3 asks more detailed questions on a randomly selected plot within the
household.

9.2 Decision making

We asked some questions on who within the household makes certain decisions.
We conjecture that making consumption traits of improved seed varieties may
increase the role of the female co-head in the decision on what seed to plant
and/or what to do with the maize harvested from the seed. We asked this
question on a randomly selected plot within the household.

9.3 Disposal

The interventions may also affect what happens with the maize obtained from
the seed. We look at what share is used for food (bag keep/bag harv), what
share of the harvest is sold (bag_sell/bag harv) and what share of the harvest
is recycled for seed in the next season (seed keep/harv_kgs). We do this for a
randomly selected plot within the household.

9.4 Well-being and food security

Table 6 shows the impact of the treatments on various welfare and food security
indicators.

9.5 Pathways

We asked some question to explore impact pathways. First, both intervention
may raise awareness of improved seed, and bazooka in particular. Therefore we
asked farmers to provide use with the names of as many improved maize seed
varieties they know and enumerator record this number (nr_vars). Second,
we also simply ask if the farmer knows a maize seed variety called “Bazooka”
(knw_ bazo).

The interventions, and the producer side intervention in particular, may
affect risk perceptions from farmers now that they were able to try the seed.
To get a sense of perceived risk, we ask farmers to indicate how likely is it that
they would end up with lower yields than when they would use local seed if you
would use improved seed varieties (risk_imp). Responses are recorded on a 5
point likert scale ranging from “very likely (improved seed will give lower yield
than local)” to “very unlikely (improved seed will give more yield than local)”.
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The same question is repeated for the specific seed type we used in the study
(albeit only for farmers who indicated that they know the seed (kwo_bazo)):
How likely is it that you would end up with lower yield than with local seed if
you would use the promoted variety? (risk bazo).

As indicated in the motivation, one important justification for subsidizing
seed or flour (eg in the form of trial pack) is to leverage spillover effects to in-
crease adoption. We include a few questions to see if our interventions affect
social learning. In particular, we ask how likely is it that a farmer would recom-
mend one of the improved seed varieties they know to a friend? (share imp).
And a similar question is asked for the particular seed that we used for the seed
trial pack (share_bazo). Results are in table 7.

9.6 Perceptions of consumer traits

The cooking demonstrations are designed to change perceptions related to the
consumption of maize obtained from seed of an improved variety. For instance,
farmers may think that food that is obtained from local seed is tastier than
its commercial counterpart (Picha, Navratil, and Svec, 2018). Furthermore,
if farmers plant the seed trial pack keep harvest separate when processing and
cooking, they may also update their preconceived beliefs about certain consumer
traits. In Table 8, we therefore look at treatment effects of the two interventions
on perceptions of consumer traits from the harvest of the seed that the farmer
used in the last season. In particular, we asked if taste was better than expected;
if the portions that can be prepared from a given amount of maize was better
than expected?®; if the appearance was better (generally meaning that the posho
is more white); and ease of cooking.

The results in Table 8 are for the seed that was used by the farmer, only
some of which may be using improved seed varieties. Therefore, we also include
a module in the questionnaire where we ask farmers to compare maize obtained
from seed of an improved variety such as Longe5 or Bazooka to maize obtained
from local seed on the same four consumption traits. Results are summarized
in Table 9.

9.7 Perceptions of producer traits

The seed trial pack allows farmers to experiment with improved seed varieties
thereby potentially changing preconceived ideas they have about improved seed.
For instance, some farmers indicated that that improved seed varieties may
yield more, but are less resistant to army-worm infestations. In Table 10, we
therefore look at treatment effects of the two interventions on perceptions of
production related characteristics of the seed that the farmer used in the last
season. In particular, we ask if yield of the seed exceeded expectations; whether
abiotic stress (drought and heat) tolerance was better than expected; whether

3This is related to the starch content of maize meal that leads to expansion of the maize
meal during cooking, giving more posho to feed the family.
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biotic (pests, deceases, weed,...) stress tolerance was better than expected;
germination rates; and if time to maturity was shorter than expected.

The results in Table 10 are for the seed that was used by the farmer, only
some of which may be using improved seed varieties. Therefore, we also include
a module in the questionnaire where we ask farmers to compare seed of an
improved variety such as Longed or Bazooka to local seed on the same five
production traits. Results are summarized in Table 9.

9.8 Perceptions on post-harvest traits

We also include perceptions on some post harvest traits that may influence the
decision to adopt or not and which may be altered by our interventions. Table
12 shows if the seed that the farmer used exceeded expectations in terms of
marketability; in terms of biomass or crop residual (eg maize stalks and maize
bran) that can be used as organic fertilizer or animal feed; or in terms of how
easy it is to process.

The results in Table 12 are for the seed that was used by the farmer, only
some of which may be using improved seed varieties. Therefore, we also include
a module in the questionnaire where we ask farmers to compare seed of an
improved variety such as Longe5 or Bazooka to local seed on the same five
production traits. Results are summarized in Table 13.

Ethical clearance

This research received clearance form Makerere’s School of Social Sciences Re-
search Ethics Committee (MAKSSREC 01.23.627/PR1) as well as from IFPRI
IRB (DSGD-23-0108). The research was also registered at the Ugandan Na-
tional Commission for Science and Technology (SS1657ES).

10 Transparency and replicability

To maximize transparency and allow for replicabiliy, we use the following strate-
gies:

e pre-analysis plan: the current document provides an ex-ante step-by-step
plan setting out the hypothesis we will test, the intervention we will imple-
ment to test these hypotheses, the data that will be collected and specifi-
cations we will run to bring the hypotheses to the data. This pre-analysis
plan will be pre-registered at the AEA RCT registry.

e revision control: the entire project will be under revision control (that is
time stamped track changes) and committed regularly to a public reposi-
tory (github).

e mock report: After baseline data is collected, a pre-registered report will
be produced and added to the AEA RCT registry and GitHub. This
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report will differ from the pre-analyisis plan in that it already has the
tables filled with simulated data. The idea is that after the endline, only
minimal changes are necessary (basically connecting a different dataset)
to obtain the final result, further reducing the opportunity of specification
search. This document is the mock report.
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