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Abstract Economic experiments have been used to inform evidence-based
policymaking in a variety of fields but have rarely been used to address agri-
cultural policy topics in the United States. Several barriers exist in designing
and funding experimental studies with farmer participants, which limits the use-
fulness of this approach for informing agricultural policymaking. We review three
such barriers: heterogenous treatment effects, access to participants, and aligning
funding agencies’ priorities. We document the extent of these barriers using
original analyses of the literature. We then suggest potential methods of mitigat-
ing these barriers through changes in how experiments are designed, reviewed,
and funded.
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Policymakers request evidence from the research community in order to
design policies and programs that are cost-effective and achieve program
goals. While evidence to inform policymaking can come from a variety of
sources, economics experiments can be particularly useful in three areas.
First, they can be used to identify causal responses to policy changes which
cannot be isolated in observational data. In a field experiment, for example,
researchers can randomize the information provided to participants and/or
vary the interface used to enroll in a program to observe how these factors
affect program participation (Higgins et al. 2017). Moreover, laboratory and
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artefactual1 experiments can be used to pilot test changes in program param-
eters before the changes are implemented in the full-scale program.

The second important area in which economic experiments are particu-
larly useful is in observing behaviors that cannot be observed from admin-
istrative records or other sources. For example, agricultural economic
experiments can be used to observe specific behavioral mechanisms, such
as how the demand for crop insurance changes in response to the degree
of risk exposure or how land conservation auction bidding behaviors
change with the number of competing bidders or auction structure. In labo-
ratory experiments, researchers can use payments and procedures to
“induce” behaviors from participants to mimic the assumptions necessary
to test an economic theory.

Thirdly, economic experiments can be used to provide insight into why
individuals decide to participate in government programs. Administrative
records are being increasingly merged with survey data to recover informa-
tion about nonparticipants, which can provide useful insights into why
individuals opt into some programs. However, a key advantage of experi-
ments is that they can allow us to recover a wider variety of outcomes of
interest from individuals who choose not to participate. For example, in
an experiment we can collect information on participants that refuse agri-
cultural contracts (instead taking the “outside option”) or do not participate
in conservation programs due to adverse selection (Arnold, Duke, and
Kent 2013).

Additionally, while there is a wealth of administrative data on many agri-
cultural programs, they are frequently not structured to facilitate analysis.
Even when program variations exist, finding comparable “control” and
“treatment” subsets is not typically straightforward. Although there can be
opportunities to construct “control” and “treatment” cohorts, program
administrators are often reluctant to do so. Concerns with potential equity
(who gets the better treatment or who gets the treatment and who stays in
the control), burdens of data collection and program administration, and
coordination required with cooperating entities can deter administrators
from structuring programs to facilitate analysis. Results from experiments
can be used to demonstrate the potential benefits from implementing pro-
gram changes as well as the benefits of structuring administrative record col-
lection to support high-powered analysis for evidence-based policy design.

Over the past two decades, economic experiments have been used in a vari-
ety of evidence-based policymaking initiatives outside of agriculture. Eco-
nomic experiments have informed policymaking for the US federal
government in many contexts, including allocating capacity on shuttle flights
for NASA’s Space Station Program Payload Office (Lei, Noussair, and
Plott 2000), design of Federal Communication Commission spectrum auc-
tions (Guala 2001; Banks et al. 2003), auctions of landing and takeoff rights
at crowded airports (Ball, Donohue, and Hoffman 2006), SEC determinations
about eliminating “uptick” or “short-selling” restrictions (U.S. Securities and
Exchange Commission Office of Economic Analysis 2007), and the U.S. Envi-
ronmental Protection Agency change of fuel economy labels on cars based on
results from Larrick and Soll (2008) (Pete 2014). At the state level, Georgia
used data from an economic experiment when designing auctions of

1An artefactual experiment is one that samples participants from the target population (Harrison and
List 2004).
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irrigation rights for the state’s Environmental Protection Division (Cum-
mings, Holt, and Laury 2004). Overseas, economic experiments have been
used to inform policymaking for sales of telecom licenses in Europe (Abbink
et al. 2002; Binmore and Klemperer 2002; Klemperer 2002), and for revising
the EU’s non-horizontal merger guidelines (Normann and Ricciuti 2009). In
an experiment conducted in Brazil, Hjort et al. (2019) found that policymakers
placed a high value on evidence derived from experiments and were more
likely to act when a program or policy was based on experimental evidence.
In fact, Ireland’s Competition and Consumer Protection Commission, Com-
mission for the Regulation of Utilities, and the Commission for Communica-
tions Regulation jointly support the Programme of Research Investigating
Consumer Evaluations (PRICE) Lab, which uses laboratory and online exper-
iments to inform government regulation. For example, PRICE studies have
informed the Central Bank of Ireland on consumers’ decision making for per-
sonal loans (Lunn, Bohacek, and Rybicki 2016).

Billions of dollars are allocated for agricultural programs in the United
States and throughout the world. But to date, economic experiments have
rarely been used to inform agricultural policymaking in high-income coun-
tries (Palm-Forster et al. 2019a) because of the difficulties involved in design-
ing, funding, and implementing experiments with farmers, ranchers, and
rural populations. In this paper, we review three major barriers that limit
the application of experimental methods in agricultural policymaking: heter-
ogenous treatment effects, access to participants, and aligning funding agen-
cies’ priorities. We document the extent of the problems that arise from these
barriers through an analysis of the literature and suggest opportunities tomit-
igate these barriers through changes in how experiments are designed, and
how experimental research proposals are reviewed and funded. To address
issues of heterogenous treatment effects, we recommend creating a standard
set of demographic and farm characteristics that all agricultural experimental
studies could report on, and using stratified or blocked randomized designs
to increase the power of designs used to test for heterogenous treatment
effects. We recommend using student participants to pretest experimental
protocols as a way to minimize the burdens of data collection from farmer
populations. We also recommend research funding organizations focus on
increasing the numbers of experimental studies comparing student and
farmer behavior, to better understand the usefulness of students as a test pop-
ulation for agricultural policy experiments. Finally, to overcome the funding
barrier, we recommend using an explicit set of criteria to fund policy-relevant
experimental research, and that funders invest in management case studies of
agencies’ experiences implementing agri-economic experiments in govern-
ment programs so researchers and policymakers can both benefit from prior
institutional knowledge.

A General Concern: Balancing Internal Validity, External
Validity, and Parallelism

The data used to support policy analysis can come from a variety of
sources, including administrative records, surveys, focus group reports, and
experiments. The usefulness of the analysis for informing policymaking
depends, in part, on the quality and applicability of the underlying data.
While no data source can perfectlymeasure all outcomes of interest for policy-
making, the methods used to collect the data can affect the representativeness
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and comprehensiveness of the analysis drawn from it. The fundamental
design trade-offs between internal validity, external validity, and parallelism
have strong implications for the representativeness and comprehensiveness
of experimental data for policymaking in general and for agricultural policy-
making in particular.

Any economic experiment designed to provide high-quality results that are
useful for evidence-based agricultural policymaking must jointly address
internal validity, external validity, and parallelism (Messer, Duke, and
Lynch 2014). Internal validity requires that experiments control for potential
confounding factors, or factors that could affect the treatment effect but are
not the treatment themselves. If factors aside from the treatment could
account for differences in behavior among the treated groups, then the results
from the experiment cannot be solely attributed to the treatment. For example
(Example 1), an experimenter’s goal may be to estimate farmers’ demand for
farm operating loans when exposed to crop price risk. The experimenter
could do this by comparing a treatment with a fixed price and a treatment
with price randomly falling within some range. However, to ensure that the
experiment does not suffer from internal validity problems, the experiment
must also ensure that credit is offered at the same terms to all participants.
Otherwise, the experimenter will not be able to disentangle the effect of price
risk and cost of credit on demand for farm loans.

The bar for achieving internal validity for an agricultural policy experiment
is particularly high due to the diversity and complexity of farm businesses
and agricultural policies. An experiment designed to measure the effect of
premium subsidies on crop insurance purchases must necessarily consider
the different types of policies offered (catastrophic coverage, yield coverage,
revenue coverage, rainfall indexed, etc.), coverage levels available, farm price
and yield risk exposure, and alternative riskmanagement strategies available.
Most laboratory and artefactual policy experiments tend to abstract from a
complicated policy environment in order to isolate the treatment effect, such
as offering a single type of crop insurance policy or limiting the set of alterna-
tive risk management strategies available. This abstraction allows the experi-
menters to control potential confounding factors and achieve high internal
validity, though at the cost of reducing the experiment’s parallelism.

Parallelism (Smith 1982; Plott 1987; Levitt and List 2007a, 2007b;
Camerer 2011) is the extent to which the conditions in the experiment repli-
cate the real-world conditions of the policy setting. Experiments that have a
high degree of parallelism produce behaviors observedwithin the experiment
that can be expected to reflect behaviors in the real world. Many experiments
abstract from the real-world context to better test theoretical predictions or
provide more control over potential confounding factors. For example, exper-
imental instructions may use generic terms such as “goods,” “tokens,”
“buyers,” “sellers,” or “managers of a public good” to ensure that experimen-
tal participants make decisions based on the economic incentives provided in
the experiment rather than any intrinsic beliefs about the goods or actions
used in the actual policy context. However, factors not accounted for in the
experiment can have a significant impact on choices made by the participants
outside of the experiment, and without parallelism, the experimental results
might not reflect the actual outcomes likely to result from implementing the
policy.

Parallelism is often cited as a critical concern by agricultural policymakers
and academic peer-reviewers alike when reviewing funding proposals and
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evaluating experimental evidence for use in policymaking. Agricultural poli-
cies are normally tailored for specific types of crops or livestock (e.g., row
crops, specialty crop, organic dairy), specific types of marketing practices (e.g.,
contract producer, supplier of local markets), and specific types of producers
(e.g. beginning farmers, socially disadvantaged producers, high adjusted gross
income levels). Policymakers and peer-reviewers may be skeptical of unframed
experimental designs or designs that make extreme simplifications of complex
policy choices and require extra justifications for why these simplifications and
framing choices are necessary and reasonable.

Adding context to the experiment can increase the degree of parallelism
between the experiment and the actual policy setting by giving participants
“…some contextual cues about why their decision might matter in a bigger
world” (Lusk and Shogren 2007). For example, Palm-Forster et al. (2019b)
examine the effect of policies to reduce pollution in agricultural landscapes,
telling participants that they were managers of firms sharing a watershed
group. However, adding context may introduce bias if the experimental par-
ticipants have strong opinions about the policy issue, and even create prob-
lems of internal validity if these opinions motivate participants in ways that
contradict the financial incentives provided within the experiment.

External validity, or representativeness, is the extent to which the results
generated by experimental participants represent the broader population
(Muller 2014). Representativeness is also referred to as “transportability” in
statistical studies and “effect homogeneity” in epidemiology (Pearl and Bare-
inboim 2014; Bareinboim and Pearl 2016; Lesko et al. 2017). For the results of
an experiment to have external validity, the participants must respond like
many or most of the target population would in that experiment. One way
to achieve representativeness is to recruit participants from the target popula-
tion. Another is to recruit participants who make decisions in the experiment
in the same way that members of the target population would (e.g., students
modeling farmers’ decision-making, if it is believed that students will prop-
erly represent farmers’ decisions). However, both approaches can suffer from
convenience bias, which occurs when experiments do not address recruit-
ment systematically and recruits a nonrepresentative sample of the broader
population. In that case, the participants’ behavior, on average, may not nec-
essarily match those of the target group solely due to the convenience sam-
pling rather than due to any intrinsic differences in how the model and
target populations make decisions.

The problem of external validity is particularly acute in agricultural exper-
iments because it is rarely possible in practice to recruit a large, representative
sample of farmers in an artefactual experiment (see Palm-Forster et al. 2016
and Weigel et al. 2020). Power analyses indicate that large samples are often
needed to detect treatment effects for some types of agri-environmental poli-
cies, and recent research has found that many of the agri-economic experi-
ments conducted so far have been underpowered (Palm-Forster et al. 2019).
As researchers seek to improve their experimental designs by increasing the
number of participants, policy-relevant research will become even more
expensive and time consuming to conduct, especially if external validity con-
cerns mandate the recruitment of farmers, ranchers, and landowners.

The challenges of balancing issues of internal validity, parallelism, and
external validity for agri-economic policy experiments are difficult, but these
experiments can answer important policy questions not easily ascertained
through other methods, such as behavior in strategic settings. For example,
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the U.S. Department of Agriculture (USDA) regularly uses auctions to allo-
cate resources. The Conservation Reserve Program (CRP) is a prominent
example. In this program, auctions help to place conservation activities, like
planting native grasses, in locations that are ecologically and cost efficient.
Experimental auctions can be used to reveal information about the supply
side (e.g., value of farming the land) that government programs do not know.
Information asymmetry makes it possible for farmers and landowners to
receive payments in excess of the minimum they would be willing to accept,
called economic rent, which reduces the overall efficiency of the auction. Pro-
grams can change parameters, such as what information they publicly share
about the selection process, the available budget, or the range of allowable
bids, but theoretical models providemultiple equilibria that are often uninter-
pretable for policy decisions. Hellerstein, Higgins, and Roberts (2015) and
Hellerstein and Higgins (2010) show how auctions parameters including
asymmetric information, bid caps, and quotas could affect CRP auctions.

Strategic settings are common in competitive agricultural programs but
often difficult to explore with theory or observational data. Other strategic
scenarios that apply to agriculture include agglomeration bonuses (Parkhurst
et al. 2002; Banerjee et al. 2014; Fooks et al. 2016; Banerjee 2018), trading mar-
kets (Cason and Gangadharan 2011; Perkis et al. 2016; Cason and de
Vries 2019), market rules and public information provision (Cason and Gang-
adharan 2004; Duke et al. 2017; Messer et al. 2017); reduction of nonpoint
source pollution (Poe et al. 2004; Spraggon 2004; Suter et al. 2008; Suter, Voss-
ler, and Poe 2009; Suter et al. 2010; Spraggon 2013; Miao et al. 2016; Palm-For-
ster et al. 2019; Butler et al. 2020), groundwater extraction (Suter et al. 2012; Li
et al. 2014; Suter et al. 2019), practice adoption (Hellerstein, Higgins, and
Horowitz 2013; Liu 2013; Liu and Huang 2013; Brick and Visser 2015), and
voluntary contributions to generic advertising (aka check-off) programs
(Messer, Schmit, and Kaiser 2005; Messer, Kaiser, and Schulze 2008). Experi-
ments allow researchers to explicitly state the costs and benefits of participat-
ing in a program, which is not known in real world programs, and allow
researchers far more control over parameters that could not be easily changed
or varied across farmers.

Barriers to Using Experiments for Evidence-Based
Agricultural Policymaking

In addition to the ever-present general concern of balancing internal valid-
ity, external validity, and parallelism, there are other significant challenges
researchers must address when designing experiments to inform evidence-
based agricultural policymaking. We examine three significant barriers to
using economic experiments to inform agricultural policymaking: heteroge-
neous treatment effects, limited access to target populations, and a lack of
congruence between funding priorities and evidence-based research.

Heterogeneous Treatment Effects

Farmers in high-income countries are a diverse group of people, and their
business structures, practices, and needs are equally diverse. While average
treatment effects are useful for assessing the benefits of a program as a whole,
policymakers are often interested in how the effects of a policy or program
vary across the farm population. They might, for example, want to under-
stand how a policy affects households with different levels of food security;
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how small, medium, and corporate farm operations are affected by risk man-
agement policies; or how responses to conservation policies depend on the
type of land tenure a farmer has and/or the terms of rental agreements
between landowners and farm operators. When a treatment affects different
groups within the population in different ways, that is called a heterogenous
treatment effect. Understanding these heterogenous treatment effects is par-
ticularly useful for modeling the impacts of policies aimed at specific subpop-
ulations such as beginning farmers, farmers producing on ecologically
sensitive lands, and socially disadvantaged producers.

Economic research for policy applications often identifies treatment effects
that vary across population subgroups (Heckman andVytlacil 2001). It is now
common for laboratory and field experiments to collect demographic infor-
mation from participants, and popular experimental software packages such
as “z-Tree”make it easy to collect this information. However, there is no stan-
dard in the experimental economics field on which sociodemographic vari-
ables of interest should be collected (Gächter 2009). This creates a two-
pronged missing data problem. First, experimenters may not collect essential
demographic characteristics, particularly if they are not planning to include
them in the final publication. Second, even if the characteristics are collected,
the experimenter may not test for interactions between characteristics and
treatment effects, or not publish the interaction test results. This missing data
problem makes it difficult to infer how common heterogeneous treatment
effects are in agri-economic experiments and to determine the set of character-
istics necessary to collect for agri-economic policy experiments.

To assess how common heterogeneous treatment effects are in the context
of agricultural economics research, we reviewed 83 experiments using
farmers, fishermen, ranchers, and landowners as participants (see table 1 for
the results, and appendixes A1 and A2 for studies reviewed). We identified
the studies by searching Google Scholar for all published experiments that
(i) used farmers, fishermen, ranchers, or landowners as participants; and (ii)
incorporated at least one experimental treatment. We also reviewed unpub-
lished manuscripts that seemed likely to be published in the near future.
We excluded studies that were not peer-reviewed, and book chapters for
which we could not determine if a peer-review had been conducted.

In our review of each study, we noted whether any tests of correlation
between the treatment effects and demographic (or farm) characteristics were
reported, and whether reported correlations were statistically significant.
Approximately one-third of the studies (twenty-eight) did not report results
of tests for correlation between any demographic or farm characteristics.
The rest tested for correlation between the treatment effects and at least one
demographic or farm characteristic.

We found that most of the studies reported significant correlations between
treatment effects and at least one demographic/farm characteristic. Wealth,
race/ethnicity, and health status were always found to be correlated with
treatment effects in studies involving farmer participants. However, table 1
illustrates how inconsistently these types of correlations were reported.
Though wealth, race/ethnicity, and health status were found to be correlated
with the treatment effect in all of the reviewed studies, few studies reported
testing for those characteristics (16%, 4%, and 1%, respectively). The most
commonly tested characteristics were age, education, and gender, which
were found to be correlated with treatment effects in 55%, 52%, and 40% of
the studies, respectively.
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The results in table 1 likely mischaracterize the true extent of correlations
between treatment effects and the selected demographic and farm character-
istics tested. In general, studies designed to be adequately powered to detect
an average treatment effect are inadequately powered to detect a differential
treatment effect for subgroups within the subject pool (see Brookes et al. 2004
for simulation results and related discussion of this problem). The intuition is
that when one estimates a treatment effect for two or more subgroups, not
only is sample size reduced to just the subjects in each subgroup, but the goal
of the experiment becomes trying to detect the difference in treatment effects
between the subgroups instead of the pooled treatment effect for both groups.
The difference in treatment effects will be smaller than the pooled treatment
effect for both when the treatment effect for the two groups is of the same sign
but different magnitudes. None of the studies reviewed indicated that the
researchers had chosen the number of subjects sampled based on power
requirements needed to detect differential treatment effects within the subject
pools.

Underpowered studies can mislead policymakers in two ways. The first is
failure to detect a true treatment effect. The second is exaggeration of detected
treatment effects, be they true or false results. It is generally known that
underpowered studies are unlikely to detect policy-relevant effects, but the
truth of the matter is worse. Underpowered studies are also unable to detect
modest but policy-relevant effects. This is because of the mechanical relation-
ship between standard error and the effect size. If the true effect size is half the

Table 1 Demographic and Farm Characteristics Correlated with Treatment Effects in
Studies with Farmer Participants

Farmer, fishermen, rancher and landowner experiments

Characteristic

Percent of studies reporting
tests for correlation with

treatment effects (1)

Conditional on reporting,
percent of studies finding
significant correlation with

treatment effects (2)

Age 55% 48%
Education 52% 51%
Gender 40% 45%
Land size 30% 44%
Household size 17% 71%
Experience with
farming/
fishing/
ranching

16% 46%

Wealth 16% 100%
Income 16% 62%
Marital Status 7% 17%
Race/Ethnicity 4% 100%
Health 1% 100%

Note: Column 1 represents the studies that reported correlation tests. There were eighty-three studies in
total: fifty-five studies tested for at least one correlation between the treatment effect and a demographic
or farm characteristic, and twenty-eight studies included no tests of correlations between a treatment effect
and any demographic or farm characteristics. Nonreporting could be due to the researchers not collecting
the information or not reporting the information. Column 2 represents the percentage of studies finding
a significant correlation based on having reported (Column 1).
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size of the standard error, the treatment effect will necessarily be insignificant
if accurately estimated. The only case in which the treatment effect is signifi-
cant is when it is inaccurately estimated by a factor of four (see Gelman and
Carlin 2014 for further discussion).

Testing for heterogeneous treatment effects with adequate power is chal-
lenging given the difficulty of recruiting large numbers of farmers for field
experiments conducted by academic researchers not embedded within gov-
ernment programs (see Weigel et al. 2020). Heterogenous treatment effects
can add variance and further reduce the power of a study, but this problem
can bemitigated by using techniques such as stratification and block random-
ization (Duflo, Glennerster, and Kremer 2007). Stratification and blocking
compare the treated subjects to control subjects who were grouped or strati-
fied before assignment to treatment. Grouping or stratifying subjects based
on a particular characteristic ex-ante reduces the noisiness of the estimated
treatment effect within each stratum or block. For properly powered experi-
ments, stratification also improves the power of the design to detect heteroge-
neous treatment effects between the strata or blocks. None of the farmer-
focused experiments we reviewed used stratification or blocking, making it
more likely that the studies were unable to detect true heterogeneous treat-
ment effects and increasing the noise of their estimate if heterogenous treat-
ment effects exist.2

Researchers should be aware that self-selection into experiments can
reduce the number of subjects in under-represented strata, such as high-
income or minority farmers. Researchers must address underrepresented
strata through the recruitment process to achieve the desired level of statisti-
cal power among target subgroups. Adding more subjects to well-repre-
sented strata typically does not make up for underrepresented strata. It may
not be feasible for academic researchers to recruit sufficient subjects in all
underrepresented strata through conventional recruitment techniques (see
Weigel et al. 2020). Options for increasing recruitment of underrepresented
strata could include expanding the geographic scope of recruitment activities,
partnering with private sector businesses and NGOs that serve the targeted
community (e.g. credit institutions, equipment dealers), and working with
state extension agents.

We offer two recommendations for researchers to assist them in character-
izing the frequency of heterogeneous treatment effects when using farmers as
participants and to improve the usefulness of their experimental findings for
evidence-based policymaking:

Recommendation 1: Test for correlations between a standard set of
demographic and farm characteristics in all experiments in which
farmers, fishermen, ranchers, and landowners are participants.

Standardizing the set of characteristics tested in each experiment will greatly
expand the body of evidence available for ameta-analysis of which character-
istics tend to be correlated with treatment effects. Standardization will also
have the side benefit of limiting the opportunity for ex-post data mining of

2Poststratification is also an option for deriving heterogeneous treatment effects after data collection is com-
plete. However, none of the studies reported using this approach, and its usefulness in for experiments with
small sample sizes or strongly imbalanced assignments to treatment is not certain (Miratrix, Sekhon, and
Yu 2013).
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experimental results, a techniquewhich has been suggested as contributing to
the replicability crisis in scientific research (Duvendack, Palmer-Jones, and
Reed 2017).

We propose using the characteristics listed in table 1 as an initial list of stan-
dard characteristics to test. This list could be refined over time as new studies
increase the evidence available for heterogeneous treatment effects in differ-
ent policy contexts. Ideally, experiments should test for all of the characteris-
tics listed in table 1.When collecting data on the full set of characteristics is not
possible (e.g. privacy concerns, limited time), researchers could collect data on
as many characteristics as feasible and note their rationale for choosing the
subset of characteristics reported in the published manuscript or online sup-
plemental materials. Documentation of the reasons why some characteristics
could not be tested will also be helpful in refining the standard list of charac-
teristics to test based on feasibility considerations.

Recommendation 2: Use stratified and/or block randomized designs to
test for heterogeneous treatment effects whenever possible in experi-
ments designed to inform policymaking for farmer, fishermen, rancher,
and landowner populations.

While not all experiments designed to inform policymaking will need to con-
sider heterogeneous treatment effects, the growing demand for evidence-
based policymaking makes it likely that future policy-relevant experiments
will be designed to look for heterogeneous treatment effects. In those cases,
we recommend that researchers use stratified and/or blocked randomized
designs with sufficient representation in all strata to ensure adequate power
for these tests. High powered tests are essential. Under-powered studies
could fail to identify heterogeneous treatment effects, leading programs rely-
ing on the experimental results to fail to address the needs of particular sub-
sets of the population.

Our second recommendation is a big ask. As Weigel et al. 2020 points out,
recruiting farmers as participants is difficult for academic researchers that are
not directly collaboratingwithin government agricultural programs. This rec-
ommendation may require agricultural researchers to change the way they
think about their sample, and it is likely to require significant funding, time,
and teamwork to collect data from large enough samples of farm populations.
For example, researchers interested in conducting a well-powered experi-
ment with heterogenous treatment effects that samples corn growers may
have to collaborate with extension specialists from a broad region, such as
Indiana, Illinois, Iowa, etc.

To see why failing to detect true effects is important for policymaking, con-
sider the following example (Example 2). Suppose researchers are creating an
experiment tomeasure the effect of subsidizing the cost of crop insurance pre-
miums on farm capital investments. Assume that beginning farmers (i.e.,
those with less than ten years of experience as an operator) are more likely
than experienced farmers to increase capital investments in response to an
increase in crop insurance premium subsidies.

Suppose the researchers in Example 2 want to use two strata: beginning
farmers and experienced farmers. Assume that the standard deviation of
beginning farmers’ responses to the treatment is twice as large as the standard
deviation of experienced farmers’ responses to the treatment. If the
researchers want an equal number of treated and control participants in each
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stratum, then they will need to sample four times as many beginning farmers
as experienced farmers to achieve equal power to reliably detect the treatment
effects in both strata. This is because required sample size scales with the
square of the standard deviation.3

To detect a difference between the two strata, researchers must recruit far
more farmers than would be needed if testing only for an overall treatment
effect. Assume that the beginning farmers had a treatment effect of 1.5 and
the experienced farmers had a treatment effect of 1. Pooling both groups
together, the experiments would need enough power to detect a treatment
effect in the range of 1 to 1.5. In contrast, to detect difference in treatment
effects between the two samples, the researchers would need to be able to
detect a difference of 0.5, which is less than half the size of the pooled treat-
ment effect and therefore requires 4 times as many subjects to detect as the
pooled treatment effect.

It is important to note that experiments are not the only means of studying
the impact of crop insurance subsidies on farm capital investment. Because of
the large sample sizes involved and the volume of data collected, the combi-
nation of survey and administrative data can yield valuable insights about the
distribution of farm characteristics and crop insurance purchases, the correla-
tion between climate conditions and crop insurance purchases, and other
relationships of interest to policymakers. However, experiment described in
Example 2 could not be completely replicated using survey and administra-
tive records alone.While the U.S. Department of Agriculture offers many pro-
grams that target beginning farmers, including direct and guaranteed loans
and microloans, the administrative records from the crop insurance program
do not identify purchases by beginning and experienced farmers. Moreover,
the range of subsidies offered in the history of the program has been limited
and surveys may not repeat sample farmers frequently enough to observe
changes in beginning farmers’ capital investment that were coincident with
changes in crop insurance subsidy rates. For these reasons, the USDA Eco-
nomic Research Service (ERS) has continued to fund research on the crop
insurance program using experimental studies, survey data collection,
administrative records, and other study designs.

Limited Availability of Target Populations (and Necessity of Using Model
Populations)

The second barrier we consider is the limited access to farm populations for
experimental research, and the resulting need to use experiments with model
populations (such as students) to complement policy-relevant experiments
involving farmer and rural populations. The previous section discussed the
need for large sample sizes to ensure high-powered experimental tests of
treatment effects for agri-economic policy experiments, and designing exper-
iments to test for heterogeneous treatment effects only increases the burdens
for total participants required to achieve adequate statistical power. It is often
prohibitively expensive and time-consuming to recruit enough farmers to
adequately power simple experiments, let alone a complex experiment with
multiple treatments. The most common recruitment methods—in-person
recruiting at agricultural conventions/shows and by mail—are inherently
prone to generating substantial self-selection issues. Weigel et al. 2020

3See Athey and Imbens (2017) for formulas and examples of power calculations for treatment effects.
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presents a detailed overview of the costs and complexities associated with
this type of recruitment.

Additionally, farmers are a population of interest for a wide variety of pol-
icy-relevant questions, and as such, are in high demand from many data col-
lectors. The demands on farmers time from competing research interests can
lead to research fatigue and low response rates. McCarthy and Beckler (2000),
for example, found that both limited time and concerns about data privacy
influenced many farmers’ decision regarding whether to participate in sur-
veys. In fact, the farmers’ response rates to surveys are declining. Every year,
NASS releases the Acreage and Production surveys which provide valuable
information on farmers’ planting intentions and the US crop supply. The
response rates for these surveys have fallen from 80%–85% in the early
1990s, to 57%–67% percent in 2016 (Johansson et al. 2017), and the rate of
decline began to accelerate in 2011.

Students have long provided a cost-effective and accessible participant
pool for economic experiments and can be used for initial testing prior to
using farmer participants. Students have been used in economic experiments
to model decision-making for a wide variety of populations, including busi-
nesses responding to new emissions trading platforms (Cason and Plott 1996),
stock traders reacting to new information (Lei, Noussair, and Plott 2001), bid-
ders in auctions for telecommunications spectrum rights (Brunner et al. 2010),
organ donors (Kessler and Roth 2012), voluntary contributions of farmers to
generic advertising programs (Messer, Schmit, and Kaiser 2005; Messer, Kai-
ser, and Schulze 2008), and public officials responding to incentives to behave
corruptly (Drugov, Hamman, and Serra 2014).

Students are less expensive to recruit and incentivize than farmers. Ber-
insky, Huber, and Lenz (2012), for example, report per participant costs for
students in political science experiments are around $5–$10, as compared to
$30 for nonstudent samples recruited on academic campuses and $15–$20
for participants recruited through temporary employment agencies. Students
are also easy to recruit in large numbers, are available throughoutmuch of the
year, and often have schedules that can accommodate experiments that
require coordination between subjects or repeated sampling.

Another advantage of students is their relative homogeneity. Students are
more similar in certain demographic characteristics, such as age and income,
than the general population. This similarity reduces the number of factors that
contribute to variation in the experiment, which increases statistical power
and makes it more likely to detect true treatment effects (and avoid incorrect
findings). By definition, students are well educated. Typically, they are also
comfortable with accessing the internet and using computers and tablets,
facilitating researchers’ use of electronic methods in experiments that can
improve the speed and accuracy of data collection.

The key question, though, is whether student participants are predictive
enough of farmer decision-making to be a useful first step in policy-relevant
agricultural experiments. Evidence from noneconomic studies has shown
that experimental treatment effects can vary between students, professionals,
and members of the general population (King and He 2006)—indicating that
student results may not be predictive of all types of populations or in all types
of decisions. Students typically differ from farmers in terms of age (the aver-
age age of farmers has been rising for decades), socioeconomic status, and life
experiences. There are many more female students than female farmers. Con-
sequently, using students as participants in any policy-relevant agricultural
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experiments immediately raises questions about the external validity of the
study. If students do not act enough like farmers when making decisions in
the experiments, the results of those experiments will not provide accurate
information to guide policymaking. However, as long as student results can
be predictive enough of farmers’ decision-making, experiments using student
participants can be cost-effective and useful for pretesting experimental pro-
cedures, checking for average and heterogeneous treatment effects, and con-
firming that the experiment has a high degree of parallelism with the policy
setting in question.

So howdowe knowwhether students can adequately represent farmer and
rural populations? To answer this question, we surveyed the literature to
identify all published and unpublished experimental studies that included
at least one treatment effect and had been conducted with both student and
farmer participants. We limited our analysis to examine representativeness
of treatment effects only (as opposed to other types of outcomes like prefer-
ences or strategies used) as this is the type of outcome most relevant for
informing policy. Also, because of resource constraints, we restricted our
scope to exclude choice experiments and other types of contingent valuation
methods4 that did not involve direct financial incentives.

Our search yielded 13 studies5 that involved 64 unique treatment effects.
However, only nine studies (36 unique treatment effects) provided sufficient
data to compare the results between student and farmer participants. Table 2
shows the extent to which the student treatment effects matched the farmer
treatment effects. The list of studies comparing farmer to student populations
can be found in appendix table A3. We compared the treatment effects across
samples in twoways. First, we look atwhether the estimated treatment effects
are significantly different from each other at the 95% confidence level. Second,
we consider whether the signs of the treatment effects are different from each
other.

Our analysis shows that student treatment effects were predictive of farmer
treatment effects in the majority of cases. 86% of the treatment effects had the
same sign for student and farmer samples, and 67% did not statistically differ
at the 95% confidence level between the student and farmer samples. We also
observed that treatment effects were consistent between student and farmer
samples in studies in developing and developed countries, and for each type
of experimental methodology sampled.

In all nine studies, the student results at least partly informed the farmer
results. Three showed no statistically significant differences between any of
the student and farmer treatment effects, five had some but not all treatment
effects that were significantly different between the student and farmer sam-
ples, and only one study showed significantly different effects for all
treatments.

Note that only a third of the studies reviewed were conducted in a high-
income country (see appendixes A1 and A2). On the other hand, out of the
total studies reviewed, those that could be included for treatment analysis

4There is a large literature on hypothetical bias in choice experiments, which is typically measured as the
difference in willingness-to-pay or willingness-to-accept for a good or service under both real and hypothet-
ical payment conditions. Meta-analyses of these literatures have reported mixed conclusions. Murphy
et al. (2005) found that students were more likely to exhibit a hypothetical bias than nonstudent samples,
while Horowitz and McConnell (2002) and Schläpfer and Fischhoff (2012) both finds no statistical differ-
ence in hypothetical bias between student and nonstudent samples.
5Akay et al (2012) also sampled students and farmers but their design did not include any treatment effects.
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were for themost part from a high-income country, with five of them from the
United States, three from Germany, and one from Switzerland and Japan
each. For those in low- ormiddle-income countries, not all used student popu-
lations from the same country. For example, Janssen et al. (2011) compared
irrigation decisions between US students and rural villagers in Colombia
and Thailand, and Tellez Foster et al. (2016) compared water management
decision-making between US students and Mexican farmers. Farmers in
low-income countries face some of the same issues as farmers in the US,
although they also face very different issues than farmers in the US. Yet, the
small sample of studies collected show that students may have potential to
be useful inmodeling decision-making for farmers both in the US and abroad.

These findings suggest that pretesting with students could be informative
when developing policy-relevant experiments using farmer and rural popula-
tions. However, the results draw from a relatively small number of studies,
and some of those studies involved relatively small sample sizes. Addition-
ally, many of these studies hadmixed results as far as the consistency of treat-
ment effects between student and farmer participants. Thus, it is reasonable to
expect that the degree to which student results will be informative of farmer
results may also depend on the type of outcome measured.

We offer two recommendations for improving the usefulness of the exper-
imental findings for researchers who integrate student participants into their
research protocols:

Recommendation 3: Use student participants to pretest experimental
protocols designed to be used later with farmer and rural populations.

Pretesting can be used to check for heterogeneous treatment effects and to
generate estimates of the sampling variability of treatment effects, which
can be used later to inform the power calculations for the subsequent experi-
ments conducted with farmer participants. Using our earlier example of an
experiment to test crop insurance subsidies on farm capital investment
(Example 2), suppose the researchers believed ex-ante that beginning and
experienced farmers would make different capital investment decisions in
response to a change in premium subsidy. Performing this experiment as a
randomized controlled trial would require a very large budget given the large
number of farmers required and the expense involved in subsidizing real crop
insurance purchases.

A less expensive alternative would be to have farmers play a stylized game
that mimicked the decision-making involved in purchasing crop insurance
and investing in farm capital investments. In that case, experiments with stu-
dent participants could be used to (i) test various parameterizations of the
game to identify the parameters that best replicate the real world context of
the crop insurance/ farm capital investment decision; (ii) induce different
levels of operating capital in the game and test for differential treatment
effects caused by differences in operating capital; and (iii) test for consisten-
cies between participants’ willingness to purchase insurance and/or make
business investments within the game and participants’ willingness to pur-
chase actual insurance products and/or make actual financial investments.
All these tests conducted on student experiments would contribute to estab-
lishing the internal validity and degree of parallelism achieved by the stylized
game before asking farmers to invest their valuable time to play it. Moreover,
the results from the student experiments could provide a starting point
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estimate of the likely sampling variability of the outcome variable in power
calculations for farmer participants in the event that actual data is not other-
wise available.

Recommendation 4: Plan to use both student and farmer participants in
experiments that investigate the behavioral mechanisms that underpin
decision-making in policy-relevant experiments.

Policy-relevant experiments typically answer a research question along the
lines of “What happens to outcome X when policy Y changes to policy Y’?”
In addition, policymakers often want to know what the impacts of changing
policy Y will be on other outcomes, and/or the impact of shifting from policy
Y to policy Y0. Because it is often prohibitively expensive to study all of these
variations in experiments using farmer participants, experiments designed to
shed light on the behavioral mechanisms that connect outcome X to policies Y
and Y0 can be particularly useful for developing models to predict the effects
of other policy changes and on other outcomes of interest.

Returning again to our hypothetical experiment about the effect of crop
insurance premium subsidies on farm capital investment (Example 2), sup-
pose that policymakers are also interested in the effect of a changing insur-
ance policies to provide higher premium subsidies on acreage where
farmers plant cover crops. In this situation, researchers could benefit from a
behavioral model that connects revenue variability to farmers’ incentives to
purchase crop insurance andmake capital investments. Themodel could then
be modified to account for changes in revenue risk associated with use of
cover crops and estimate the resulting impact on crop insurance purchases
and capital investments.

Experiments with farmer participants would be useful to validate the
model’s predictions. However, using farmers to validate every change to
the behavioral model would likely be costly and take a long time to recruit
enough participants. Instead, experiments with student participants could
be used to validate the predictions of the behavioral model, with periodic rep-
lications conducted using farmer participants. This approach would reduce
the burden on farmers for research to improve the behavioral model and
build a body of evidence bywhich to characterize the situations when student
experimental results do and do not correspond well with farmer results.

Research Funding Priorities

The final barrier we consider is the difficulty associated with funding a
research agenda that supports evidence-based agricultural policymaking.
Data from experimental research is part of the toolbox for evidence-based pol-
icy that is highly valued by policymakers. Experimental data is particularly
useful in instances where other data sources may not capture a full range of
responses or when other data sources are not structured to identify causal
relationships. However, experiments also require substantial funding tomax-
imize the potential for the results to be useful for policymaking. Research
funding is always scarce, and grant reviewers and program officers may seek
to maximize the value of available research dollars by prioritizing experi-
ments that address multiple research questions. However, as noted earlier,
studies with multiple experimental treatments and involving farmer partici-
pants are often underpowered because of the innate heterogeneity of the US
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farming population and the small sample sizes typically used in experiments.
Proposals to investigate a small number of research questions using methods
with strong internal validity can also provide good value for the research dol-
lar, particularly when replicated with multiple samples.

When assessing the merits of a proposed study, reviewers often weigh sev-
eral criteria including the internal validity of the design, the external validity
of the research protocol, and the study’s potential to generate novel findings.
While all of these factors are important for proposals to conduct agri-eco-
nomic policy experiments, there are additional considerations specific to pol-
icy-relevant experimental research that matter for establishing connections
between the experimental results and the policy context the study is meant
to inform.

Hallmarks of a research proposal that has good potential to yield useful
findings agricultural policymaking include:

1. Evidence of how the experiment’s design mimics and deviates from the
actual policy setting. Most experimental designs require some deviations
from the policy setting in order to control for potential confounding effects.
These deviations are likely to be smaller in field experiments than for labo-
ratory experiments, according to the typology of experiments described by
Harrison and List (2004). Proposals that articulate the rationale for these
deviations and describe a plan for verifying the concordance of the experi-
mental findings with actions taken in the real-world policy setting are more
likely to generate policy-relevant findings than proposals that do not con-
sider these issues in the design phase.

2. Evidence of how the experiment’s design corresponds to an underlying
behavioral model of decision-making in the policy context. Experimental
treatments may not necessarily generate statistically significant differences
in outcomes. However, an experimental design that provides evidence that
the behavioralmodel has some predictive power in the context of the policy
in question can still be useful for informing policymaking—even when the
treatments do not change outcomes.

3. Evidence of how the experiment’s participants, sample size(s), and recruit-
ment strategies are informed by the policy setting of interest. Practical and
budget considerations can preclude researchers from planning to recruit a
representative sample of the policy-relevant population for every experi-
ment. A research proposal that relies on a non-representative sample of
the target population can still be useful for informing policymaking if the
researchers can collect data about heterogeneity of treatment effects within
sample. Furthermore, research that relies on a nonrepresentative sample of
an alternative model population (such as students) can inform policymak-
ing as part of a broader agenda that builds up to experiments involving the
policy-relevant population.

Additionally, replication studies are particularly useful for informing pol-
icymaking. In an ideal world, policymakers would be able to compare results
from initial experiments with replication studies using multiple samples to
provide a robust estimate of treatment effects before they need tomake a deci-
sion about implementing a policy change in a real program. Even if multiple
replications aren’t available to inform a policy change, policy environments
do evolve continuously over time. Replicating an experiment after a new pol-
icy has taken effect can provide evidence of the stability of treatment effects to
changes in the policy environment and/or target population.
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We offer a recommendation for program officers and grant reviewers to
facilitate their reviews of proposals to fund experiments that are designed
to inform evidence-based policymaking:

Recommendation 5: Use an explicit set of criteria to assess the quality of
proposals to fund policy-relevant experimental research.

It is a rare experimental study that jointly delivers high internal validity,
external validity, and potential for generating novel policy-relevant results
at a low cost. Grant reviewers are often placed in the unenviable position of
having to rank proposals that offer different levels of each of these factors.
Their jobs are made easier when the funding agency assigns relative weights
for each of these factors in accordance with the agency’s priorities.

Returning to our Example 2, imagine two proposals for this experiment.
Proposal 1 has participants play a stylized game that mimics the decision-
making involved in the real-world problem. Proposal 2 measures actual cap-
ital investments in response to actual changes in crop insurance premium
subsidies. Both proposals call for using farmers as participants, but proposal
1 recruits a larger number of farmers and plans to replicate the game in mul-
tiple locations across the country. Both proposals request the same level of
funding, use methods that are likely to generate strong internal validity,
recruit from the same participant pool, provide a novel contribution to the lit-
erature, and have the potential to generate policy-relevant results. Without
explicit criteria from the funding agency as a guide, reviewers will likely find
it difficult to rank the proposals in terms of their potential utility for policy-
making. Some funding agencies may prefer the proposal that relies on a styl-
ized game and does not affect the actual program, while others might prefer
the proposal that more closely replicates the real-world context of the pro-
gram. By clearly communicating its priorities, the agency makes it possible
for the reviewers to compare diverse proposals.

Like research funds, program funding available for experimentation and
evaluation may also be scarce and split among multiple priorities. To help
policymakers evaluate the relative merit of incorporating experiments into
program activities, we also make a final recommendation for research fund-
ing organizations:

Recommendation 6: Consider funding the development and dissemina-
tion of management case studies to document how federal agencies
have used agri-economic policy experiments to create, modify, and/or
evaluate the impact of federal programs.

Policymakers considering incorporating an agri-economic experiment within
a government program may not be aware of prior experience implementing
similar experiments in other government agencies. However, sharing journal
articles and program reports may not be the most effective way to communi-
cate to policymakers the merits and challenges associated with incorporating
agri-economic experiments in programs. Management case studies could be
used to document the benefits and costs associated with agri-economic policy
experiments, as well as lessons learned, from the perspective of administra-
tors who have already implemented experiments within their programs. Case
studies could also give perspective on the time frames, skills, and collabora-
tions required to implement experiments within programs, and discuss any
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factors that impacted the extent to which the project achieved the desired pol-
icy goals for the experiment. By funding the creation and dissemination of
such case studies, research organizations could help support demand for evi-
dence-based policymaking in general, and increase opportunities for govern-
ment agencies to share their institutional knowledge in ways that benefit
researchers and policymakers alike.

Discussion
At times, experimental economics may be the most practical method to test

theoretical predictions and estimate agricultural policies before putting them
into effect. Risky or costly policies can be tested in the lab first and avoided in
the field if these policies fail in a laboratory setting. Alternatively, given suc-
cess in the lab, the policy may be amended given treatment results. Since
experiments can provide otherwise hard to obtain evidence, policymakers
can benefit from the application of experimental methods when seeking to
achieve evidence-based policy. High-quality and policy-relevant experimen-
tal evidence is difficult and costly to obtain. Small changes in the way exper-
iments are designed and funded can provide better insight into the
heterogeneity of treatment effects and the underlying behaviors that drive
decision-making.

We provide several recommendations. Since heterogeneity in response is
common, it is helpful to collect data from respondents on a standard set of
demographic and farm characteristics. In addition, the use of stratified or
block randomization can better leverage the ability of limited sample sizes
to detect differences attributable to respondent characteristics. Pretesting
with student participants can be useful, particularly for investigations of
behavioral mechanisms underpinning decision-making. The review of pro-
posals is facilitated by having a predetermined explicit set of criteria. Finally,
research organizations could consider funding the creation and dissemina-
tion of management case studies about government agencies’ experiences
implementing agri-economic experiments within their programs so that pro-
gram administrators and researchers can learn from past experiences and
share institutional knowledge across agencies.
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