The Farmer and The Fates: Locus of Control and

Investment in a Stochastic Production Process

Jonathan G. Malacarne

November 15, 2018

Abstract

Economists and policy makers alike often find themselves struggling to explain low
levels of adoption for seemingly profitable agricultural technologies. This easily extends
to technologies that stabilize yields in the face of weather and pest pressure. In this
paper, I take a behavioral approach to explaining adoption and investment rooted
in the psychological notion of locus of control, which captures the extent to which a
decision-maker believes that her actions affect outcomes relative to forces outside of her
control. I consider how locus of control affects neoclassical models of decision-making
and test various pathways using primary data from smallholding farmers in Eastern
Africa. In addition to a standard locus of control instrument from psychology, I develop
a measure of locus of control specific to maize production. I show that farmers with
more external locus of control are significantly less likely to adopt improved maize
varieties. Using data on subjective weather expectations and risk attitudes, I present
suggestive evidence that locus of control is not reflecting differences in preferences
or subjective probabilities, but rather affecting beliefs about the production function

itself.
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1 Introduction

Despite the seemingly high returns to agricultural technologies that improve yields and
reduce exposure to weather risk, their adoption by the most vulnerable households is often
low. In the combined sample of farm households from Mozambique and Tanzania surveyed for
this paper, less than half report using any improved seed variety and only five percent report
using chemical fertilizers. While these low levels of adoption may speak to issues of access,
they do not result from a lack of innovation. In 2016 alone, the CGIAR Research Program
MAIZE (MAIZE CRP) had a budget of 11.6 million dollars focused on developing and
promoting stress-resistant and nutritious maize varieties (CGIAR, 2016). Drought Tolerant
Maize for Africa (DTMA), one of the MAIZE CRP’s flagship programs, released twenty
drought tolerant maize varieties in Tanzania and nine in Mozambique between 2007 and
2015' (CIMMYT, 2015). Among the remote, resource-poor and drought-exposed households
in this study, however, use of drought-tolerant maize seed was practically non-existent.

The very environment that creates a need for technologies such as drought-tolerant maize
may play a key role in inhibiting their adoption. Since the 1950s, research in psychology has
noted that locus of control, the extent to which a decision-maker believes that outcomes are
determined by her actions relative to forces outside of her control, is an important component
of behavior and learning (Lefcourt, 1982). Repeated exposure to negative shocks — such as
crop failure due to severe drought — may create in decision-makers the sense that their
investment is dwarfed by the influence of external forces.

While this paper will focus primarily on agriculture, the idea that previous exposure
to shocks may limit the willingness of vulnerable individuals to make future investments is
broadly applicable. Many innovations are expressly designed to increase economic resilience
in the face of risk, which as been shown to tax physical resources (Carter et al., 2007) and
cognitive function (Mani et al., 2013). If exposure to that same risk also creates enduring
attitudes that limit the uptake of risk-coping technologies then promoting stability becomes
much more challenging.

In this paper, I study the conceptual link between locus of control and neoclassical
choice and test the resulting insights empirically. Neoclassical choice theory sets out clear
conditions for optimal behavior. In order to be incorporated into this theory, locus of control
must influence a subjective element present in these conditions: preferences, probabilities, or

production functions. As a belief about the input-output relationship, the intuitive pathway

In total, 233 drought-tolerant maize varieties were released across thirteen countries in sub-Saharan
Africa over the period 2007 - 2015.



seems to be that locus of control would influence subjective beliefs about the production
function.

I use primary data from a large sample of maize-producing households in Eastern Africa
to empirically test the influence of locus of control on investment. Specifically, I focus on
the adoption of improved maize seed varieties in a sample of around 3,000 households from
Mozambique and Tanzania. This population is ideal for studying the relationship between
locus of control and investment in risky environments. Efforts such as those by CIMMYT’s
DTMA project have helped create technologies that seek to increase and stabilize maize
production. At the same time, frequent drought and limited access to financial services have
contributed to high levels of food insecurity and other shocks that might lead decision-makers
to believe that external forces dominate their decisions in determining outcomes. In addition
to standard measures, I develop a survey instrument for locus of control specific to maize
production to more closely reflect the influences suggested in the psychology literature.

I show that farmers exhibiting a more external locus of control — those who believe that
the variability in maize harvest associated with adopting improved maize varieties is small
relative to the variability in harvest associated with weather outcomes — are significantly
less likely to adopt improved maize varieties. The size of this effect is non-trivial: between
four and eleven percent. These households are also shown to be less likely to adopt drought-
tolerant maize varieties in response to a randomized marketing intervention.

In support of the hypothesized pathway, I demonstrate that there is a strong relationship
between locus of control and the expected return to adopting improved seed varieties. I show
that this is not a mechanical function of the newly developed survey instrument, but rather
a deeper connection between the locus of control construct and the subjective production
function. I also show that in the current sample, locus of control is not strongly related to

either subjective expectations about weather patterns or risk attitudes.

2 Locus of Control and Economics

Locus of control — where or with whom control of outcomes lies — denotes the location of an
individual’s beliefs along a spectrum from internal to external (Rotter, 1966). While belief
about the influence of internal and external forces can be elicited separately, locus of control
is often described as the balance between them. An internal locus of control reflects the
belief that one’s own actions are a primary force in determining outcomes. External locus of
control, on the other hand, is the belief that outcomes are principally determined by external

forces.



The construct traces its roots to the early twentieth century and the social learning
theories published in Julian Rotter’s Social Learning and Clinical Psychology (1954). North
American psychology at the time was dominated by the behaviorist paradigm, most famously
associated with Ivan Pavlov and John B. Watson, which viewed the stimulus-response re-
lationship as essentially mechanical (Miller, 2003). Rotter’s work was part of what became
known as the cognitive revolution, whereby the behaviorist paradigm was rejected in favor
of theories that took mental processes more seriously.

Rotter hypothesized that a decision-maker’s locus of control would affect how she acted
and what she learned from her experiences. Early experiments with non-human subjects
had shown that exposure to inescapable, negative stimuli resulted in reduced avoidance
behavior and slower learning when stimuli were eventually made avoidable (Lefcourt, 1982).
In essence, external locus of control could be induced and had persistent effects on learning
and behavior. Researchers quickly noted that life itself administers to humans a host of
stimuli, some postive, some negative, and many inescapable. As a result, differences in locus
of control were shown to exist among various populations, particularly those exposed to high
levels of risk at early ages. Race, socioeconomic class (Lefcourt and Ladwig, 1965; Battle
and Rotter, 1963), and residence in urban versus rural areas (Nelsen and Frost, 1971) were
all associated with differences in expectations about one’s ability to control outcomes.

Psychologists also linked locus of control to many behavioral outcomes, including decision-
time, stress coping, and academic performance (Franklin, 1963; Mc Ghee and Crandall, 1968;
Bar-Tal and Bar-Zohar, 1977). In one of the most significant results, beliefs akin to internal
locus of control were found to be the best predictor of achievement in underprivileged child
populations (Pettigrew, 1967; Coleman, 1971).

A number of the above outcomes, such as academic effort and achievement, can be
thought of as economic behavior. While the primary application throughout this paper will
be rainfed agriculture, locus of control is relevant to a broad set of topics. Any economic
process in which outcomes are a function of both agent decisions and external forces has an
intuitive connection to locus of control. This is particularly true when the external influences
are not clearly observable. In such processes the returns to one’s own actions are difficult,
if not impossible, to clearly identify, paving the way for subjective beliefs to play an active
and persistent role in decision-making.

Locus of control can capture attitudes about life broadly or it can be framed with respect
to a particular activity domain. I will refer to a decision-maker’s beliefs about her ability to

influence outcomes in life broadly as her general locus of control. Activity specific locus of



control, then, will refer to a decision-maker’s beliefs about her ability to control outcomes
in a more narrowly defined activity, such as agriculture. In his 1975 review of research into
the construct, Rotter likened the distinction between general and activity specific locus of
control to having beliefs about the forces that controlled outcomes in education and in a
psychology course respectively (Rotter, 1975).

Cumulative interaction with one’s environment — a decision-maker’s experiences, the
shocks she has faced, her challenges and successes — are codified into general locus of control.
When facing an activity that is new or relatively unknown, Rotter posited, decision-makers
will lean more heavily on this general belief. As experience accumulates, a more refined belief
will be formed about the decision-maker’s ability to influence outcomes in the activity. As
such, locus of control represents current attitudes toward causality and not an immutable
personality trait. As one author put it, an internal locus of control might well be described

saying:

“Those who report (on a given scale) that they perceive events as being largely
contingent upon their personal efforts at the present time, as opposed to those
who feel more fatalistic about the manner in which outcomes occur.”

(Lefcourt, 1982)

Locus of control is not entirely new to economics, though it is far from prominent. Savings
behavior (Cobb-Clark et al., 2016), labor market outcomes (Cobb-Clark, 2015; McGee, 2015),
and selection into job training programs (Caliendo et al., 2016) have all been studied in
relation to locus of control. Additionally, Coleman and DeLeire (2003) study the impacts of
locus of control among eighth-grade students on their subsequent educational attainment.
Most closely related to this paper is the work of Laajaj et al. (2017), which compares locus
of control to a host of cognitive and non-cognitive skills and agricultural behavior in Kenya,
and the work of Abay et al. (2017) which relates general locus of control to agricultural
behavior in Ethiopia. Both papers find what the authors of Abay et al. (2017) call “empirical
regularities” between locus of control and investment in agriculture.

While the intuitive connection between locus of control and investment is clear, the
construct itself does not map directly into an analytical framework. While it may describe a
relationship between the returns to own actions and the returns to external forces, it is not
precisely defined as one or the other. This challenge is made greater by the near exclusive

use in the existing literature of general locus of control measures.



2.1 Locus of Control and Neoclassical Choice

The expected profit maximization and expected utility maximization problems are workhorses
of neoclassical choice theory. In order to be incorporated into neoclassical choice theory, lo-
cus of control must influence a subjective element present in the conditions that characterize
the solutions to these problems. In this section, I show that this means affecting preferences,
probabilities, or production functions.

Let output result from two aggregate inputs (x,e), where x is an input under the decision-
maker’s control and e is an input controlled externally. For consistency with the proposed
set of economic activities in which locus of control is relevant, assume that e is imperfectly
observable. While the external input is not necessarily generated by a stochastic process,
assume that the decision-maker assigns some probability to each possible realization of e
and that these probabilities can be represented by the probability density function ¢;(e).
Given an input cost (c¢), output price (p) and wealth endowment (A4;), the expected profit

and utility maximization problems can be written as:

max, E[m;] = /(pfi(:c,e) —cx)pi(e)de st. x>0, cx <A (1)

max, E[U;] = /Ui (pfi(z,e) + A; — cx) pi(e)de st. x>0, cx < A (2)

To differentiate locus of control from the colloquially similar notion of perceived self-

efficacy, I will assume that = can be precisely chosen?. This results expectations being written

as a single integral over e in Equations 1 and 2. The subscript 7 is used to identify components

of the optimization problems which might differ across individuals due to economic position

or subjective beliefs. These items will be the primary candidates through which locus of
control might influence decision-making.

The conditions for interior solutions to each problem are given by:
a AC)
p/e (%) bule)de = ¢ (3)

) of (z,e) B )
p/e <Ui (pfi(x,e) + A; — cx)aT) ¢i(e)de = C/E(Ui (pfi(x,e) + A; — cx)) pi(e)de  (4)

2Perceived self-efficacy deals with a decision-maker’s belief that, given a desired course of action, she can
successfully execute that course of action. See Wuepper and Lybbert (2017) for more details.



The maximization programs and the equations that characterize their solutions highlight
various ways that behavioral influences might affect neoclassical choice. In Equations 1 and
2, both probability distributions and production functions could be influenced subjectively.
In addition, differences in the constraint set, here represented only by the individual-specific
endowment (A;) can result in changes to the optimization program. Equations 3 and 4
highlight the role of beliefs about the expected marginal returns to investment as the solution
moves away from constraint boundaries.

The same intuition holds for a discrete choice across technologies, which most closely
resembles the empirical application that will follow. Consider the choice between technologies
f! and f° facing the profit maximizing decision-maker i. Assume that both technologies
produce the same type of output. Evaluating each at her optimal input choice, decision-
maker 7 will choose technology f! over fO if the value of the additional production exceeds
the cost differential. Instead of the slope of a continuous production function as in Equation
3, the marginal product of investment is now defined on the discrete jump in production

across technologies.

p / (Fi(,€) — (a0, €)) di(e)de > (¢ — )z (5)

Equation 5 contains the same subjective elements as the earlier formulations. Below,
I briefly consider each subjective element and its relation to or distinction from locus of

control. The section concludes by summarizing the testable implications of this exercise.

2.1.1 The Subjective Production Function

Locus of control has thus far been presented as a belief about the input output relationship.
For general locus of control, the concept of “output” is fairly abstract. As we focus attention
toward more activity specific locus of control, the idea of output becomes clearer. An intuitive
understanding of locus of control as a balance between the influence of inputs controlled by
the decision-maker and external forces comes into focus. Taken to the extreme specificity of
a particular production function, we encounter something like the familiar economic concept
of marginal product.

The marginal products that underpin the conditions in Equations 3 and 4, however, do
not capture the balance of forces that define locus of control. It would also be incorrect to
define locus of control in an activity as a ratio of marginal products, which except in extreme
cases is not constant across levels of x and e. Defining locus of control in an activity as the

expected ratio of marginal products also fails to solve the problem, as it begins to conflate



subjective probabilities with beliefs about the input-output relationship.

Rather than define locus of control — either general or activity specific — using the pro-
duction function, I will hypothesize that locus of control affects beliefs about the production
function in a predictable way. The most likely hypothesis is that a decision-maker’s locus of
control affects her beliefs about the marginal product of inputs under her control and those
controlled by external factors.

Call LOC; the locus of control for individual i. Keeping with convention, higher values
of LOC; are associated with a more external locus of control. Continuing with the two
input example, an individual’s belief about the marginal product of z and e are given by
fzi and f.; respectively. We could then write an individual’s beliefs about the marginal
products as functions of, among other factors, her locus of control. Across an otherwise
similar population we then might expect that, on average, individuals with more external
locus of control believe that the return to externally controlled inputs is larger and that the

return to internally controlled inputs is smaller.

OE[f.|LOC;]

oroc, -V (6)
OE[L.|LOC,]

oroc, =Y (7)

Note that this expectation is across a population of decision-makers not over the distri-
bution of external forces. In later sections I will show that this relationship exists in the

data and is not a mechanical function of the activity specific locus of control instrument.

2.1.2 The Subjective Probability Distribution of the External Input

The next subjective component of the decision criteria concerns the probability distribution
of the externally controlled input captured by ¢;(e). A pessimistic belief that e is always
very low will clearly affect optimal investment in Equations 3 and 4. This is most easily
demonstrated in Equation 3 where the right-hand side is constant the left-hand side is a
function of e and its probability distribution. If the marginal product of x is increasing in e
and f(x,e) exhibits diminishing marginal returns to its arguments, then shifting probability
weight to low values of e necessitates a reduction in the optimal choice of x to satisfy Equation
3. An optimistic belief will do have the opposite effect.

Locus of control speaks to the question of whether the decision-maker controls outcomes

or whether external forces are the dominant force. In the two input case, the relevant



question with respect to the external input is then, “If e goes from its lowest value (e;) to
its highest value (e,), what will happen to output?” It is not, “How likely is observing the
lowest value of e?”

Empirically, across the households in the sample we would expect to see no systematic
relationship between the locus of control measures and the expected value (or any other

moment) of the the externally controlled input.

2.1.3 The Utility Function

In the expected utility maximization case, it could be suggested that differences in locus
of control are reflected in the utility function. A number of contributions to the role of
behavioral influences in neoclassical choice have come through this avenue. Using reference
dependent utility, for example, Genicot and Ray (2017) allow aspirations to be socially
determined and Lybbert and Wydick (2018) develop a framework for incorporating hope
and hopelessness into economic models. Rather than change the function itself, Moya (2018)
considers the effects on risk attitudes of exposure to violence in Colombia.?

Locus of control is not amenable to modeling as a characteristic of utility functions. The
distinction comes in once again noting that locus of control speaks to the outcomes resulting
from a given set of inputs. It does not influence whether a decision-maker has a preference
for one set of outcomes over another. That is not to say, however, that locus of control is not
relevant for utility maximization. By influencing beliefs about the production function, locus
of control may affect perceptions of production risk. This would have clear have implications
for risk averse decision-makers.

As with subjective expectations about the probability distribution of e, we would not
expect to see a systematic relationship between utility function parameters and locus of

control.

2.1.4 Prices, Endowments, and Other Constraining Elements

The final set of components in the neoclassical choice problem are prices and endowments.
We can think of these components as determining the constraint set more broadly. This
area has also received recent attention through the behavioral economic lens. Banerjee and
Mullainathan (2008) and Mani et al. (2013) consider the cognitive costs and associated

constraints of poverty. New work by Alloush (2017) provides empirical estimates of the

3This is by no means a complete review, only acknowledgment of a small number of papers contributing
to the field and which have influenced my current work.



bi-directional relationship between psychological well-being and poverty. And Laajaj (2017)
considers the implications of psychologically engaging with a gloomy future on the choice of
time horizon in planning problems.

Locus of control may relate to the constraint set in a number of ways. The maintained
hypothesis throughout this discussion is that locus of control reflects exposure to risk. If
risk exposure is higher in remote and under-served areas that lack well-functioning markets,
there will likely be empirical regularities between locus of control and prices. Similarly, if
risk-exposed areas are also poor, endowments will likely be low among populations with an
external locus of control.

It is also not possible to definitively say that changing endowments or prices should have
no effect on locus of control. If increasing endowments opens up the choice set to include
more options that the decision-maker believes increase her ability to affect the production
process relative to forces outside of her control, locus of control could move internally as a
result. The same may be true of market access and the resulting input and output prices.
Any relationship, however, should be one-directional. Locus of control should have no effect

on prices or endowments.

2.2 Testable Implications

The following testable implications emerge from consideration of the history of locus of

control in psychology and its intuitive connection to neoclassical models of choice behavior.
Implication 1. Activity specific and general locus of control can be elicited separately.

Implication 2. The newer an activity is, the strong the influence of locus of control is likely

to be. General locus of conrol will play a larger role in newer activities.

Implication 3. Among the elements characterizing the solution to neoclassical choice prob-
lems, the most likely place for locus of control to exert an influence is on subjective beliefs

about the production function.

Implication 4. No relationship should be observed between locus of control and the proba-

bility distribution of externally controlled inputs or risk attitudes.

Implication 5. If exposure to risk is associated with market access or economic circum-
stance, there may be meaningful relationships between locus of control, prices, and endow-

ments.



I now turn to the case of rainfed maize production in Eastern Africa as both an example of
the environment in which locus of control is relevant for understanding technology adoption

in the face of risk and as a test of the implications presented above.

3 Rainfed Maize Production in Eastern Africa

As of the turn of the century, forty-percent of total agricultural production in developing
countries was rainfed. That share is higher, nearly sixty-percent, for cereals, which provide
food and economic security for many smallholding farm households (FAO, 2002). The quality
of a growing season faced by these households is a perfect example of the kind of external
input described in the previous section. Growing season quality is a complicated interaction
of rainfall, temperature, and timing, all of which interact with agroecological conditions
that may be unknown to farmers. Not only do these factors act themselves as an input
in production, but they combine to influence, or even overwhelm, the influence of inputs
controlled by the farmer.

While staple crops remain a dominant source of calories for poor households worldwide,
that role is particularly strong in the maize-producing countries of Eastern Africa. According
to FAO estimates, households in the region derive nearly sixty percent of calories from
cereals, roots, and tubers. In some countries this number is significantly higher. Households
in Mozambique, for example, are estimated to derive over seventy percent of calories from
staple foods (FAOSTAT, 2017). Those who rely on this level of staple consumption are
highly exposed to fluctuations in the production and prices of the commodities on which
their economic and food security are based. This vulnerability is born out in high rates
of undernourishment, stunting in children under five years old, and anemia in pregnant
women (FAO, 2015), all of which have severe consequences for the physical and cognitive
development of children as well as the economic opportunities of households (Hoddinott and
Kinsey, 2001; Alderman et al., 2006).

Agricultural innovations that improve the yields and resilience of staple crops hope to
lessen the impacts of weather shocks and, subsequently, shocks to nutrition and income.
In 2015, researchers from the University of California, Davis and the International Center
for the Improvement of Maize and Wheat (CIMMYT) began a randomized control trial on
the impact of drought-tolerant (DT) maize seed and index-based agricultural insurance on
the welfare of small farm households. Parallel projects were launched in the countries of
Mozambique and Tanzania. In each country, the research team worked with local seed and

insurance companies to promote the new technologies.
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As part of the study, yearly surveys are carried out with just over 3,000 households
across 153 communities. Study participants were randomly selected from rosters of all maize
growing households in their respective communities. While the principle results of this paper
do not draw directly on the randomized experiment, the yearly surveys conducted starting in
2016 offer an opportunity to collect detailed data on agricultural behavior and beliefs from a
population of maize producers likely to have experienced diverse shocks that could influence
their locus of control.

Tables 1 - 3 summarize the sample from the two countries with respect to their economic
position, portfolio of income generating activities, and food security status. While all house-
holds in the study grow maize, they differ significantly in their other activities as well as in
their economic position. Most households are engaged in a number of activities to generate
income, including wage labor and operating businesses. A significant fraction of households
however, thirty-seven percent in Tanzania and thirty-four percent in Mozambique, report

having no source of income other than maize production.

Table 1: Summary of Household Characteristics and Asset Ownership

Tanzania Mozambique

Average HH Members 6 6.9
Highest Level of Education (HH Head)

None or Below Lower Primary A8 .39

Lower Primary .08 .36

Upper Primary .67 .15

Secondary or Above 07 10

Average Simple Poverty Score™ 374 25.7

Probability Below National Poverty Line 20.2 72

Probability Below International $1.25/Day Line 35.2 78.3
Asset Ownership

Mobile Phone .80 .56

Bicycle b3 .76

Radio .60 D7

Solar Panel 37 45

* (Schreiner, 2012; Schreiner and Lory, 2013). Tanzania probabilities are upper bounds as
one question necessary to calculate the full SPS Score is missing.
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Table 2: Agricultural Activities and Income Generation

Tanzania Mozambique

Maize Production and Practices

Area Planted (ha) 1.7 2.7

Use Improved Seed 0.59 0.46

Use Chemical Fertilizer 0.02 0.03
Crop Portfolio

Grow Staples .79 .79

Grow Cash Crops .68 .67
Income Generating Activities

Maize Only 37 .34

Salaried Job .04 .16

Operate A Business .39 .34

Labor For Wages .29 .32

Receive Pension .02 .05

Receive Remittances A1 A7

Table 3: Food Security and Credit Access

Tanzania Mozambique

Fraction of Households That:

Experienced Food Insecurity In Past Year 37 78

Had to Rely on Less Preferred Foods .28 .63

Limited Variety of Meals 13 .50

Reduced Meal Size .26 .62

Had No Food in the House 13 41

Went Without Food for 24 Hours .06 44
Fraction of Households That:

Have Access to Formal Credit .05 .03

Have Access to Formal Savings .09 .05

Could Get a Small, Informal Loan™* .79 43

Could Get a Medium, Informal Loan A48 22

Could Get a Large, Informal Loan 31 .08

*+ Small = USD 5, Medium = USD 25, Large = USD 100
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In terms of agriculture, most households grow a combination of staple crops and cash
crops in addition to maize. Maize, however, remains central to households’ economic and
food security. The average household cultivates between one and three hectares of maize
and plants predominantly local, non-certified seed varieties. Relying so heavily on rainfed
agriculture makes households vulnerable to suffering food and economic insecurity during
years characterized by drought or flood.

Table 3 shows just how vulnerable this sample of households is. Nearly forty-percent of
households in Tanzania suffered a food insecure even in the year prior to the first round of
surveys. This number was almost eighty-percent in Mozambique, which is both poorer and
suffered broadly from a severe drought in the year prior to the beginning of the project.
The lower half of the table, showing access to formal credit and savings, highlights another
dimension of why weather fluctuations so quickly turn into food insecure events for these
households. Less than ten percent of households in the study have access to formal credit or
savings products. While most claim they could access a small informal loan (less than USD
5), this number drops off quickly when asked about slightly larger values. What’s more,
these informal networks have difficulty dealing with large covariate shocks such as drought.

As discussed in Section 2, longterm exposure to such a risky environment may result in
an external locus of control. The next section lays out the instruments used to measure locus

of control before turning to its influence on the adoption decision.

3.1 Eliciting Locus of Control

Locus of control can range from fully general (how the world works) to highly specific (maize
production in a rainfed environment). General locus of control is often easier to elicit, though
it may provide only weak predictions of behavior in specific activities. While the psychology
literature is careful to acknowledge the existence of multiple locus of control domains (Rotter,
1975; Lefcourt et al., 1979), the application of locus of control to economics has been less
thorough in doing so. 1 collect data that allows for the elicitation of both fully general
and maize-specific measures of locus of control. This allows me to better understand the

relationship between the two and trace their influences on investment behavior in agriculture.

3.1.1 General Locus of Control: The Levenson IPC Scales

Survey instruments to elicit general locus of control typically rely on a series of questions
asking respondents to identify with a framing consistent with either own control of outcomes

or external control of outcomes. This can be achieved using either Likert scales or forced
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choice pairs. Both elicitation methods result in ordinal scores and are best used to situate
respondents with respect to a comparable population.

Unlike some psychological instruments, there is not a clear threshold that differentiates
internal agents from external agents. For example, a score above ten on CESD-R depression
scales indicates a high probability of suffering from depression (Alloush, 2017). No such
sharp threshold exists for locus of control. Imposing such an interpretation was cited as one
of the most frequent misuses of locus of control in the psychology literature (Rotter, 1975).
Instead, a decision-maker’s position in the distribution of survey responses identifies them
as holding more external or more internal beliefs than their peers.

The general locus of control measure administered as part of the yearly survey is a version
of the Levenson IPC scales (Levenson, 1981), adapted for local appropriateness and language
needs. The Levenson scales seek to capture attribution of control to each of three sources.
The internal dimension (I) reflects control by one’s own actions. Control of outcomes can also
reside with chance influences (C) or powerful other agents (P) such as community leaders,
politicians, spouses, or other figures of power. The latter two dimensions are both external
in the classical Rotter sense.

Of twenty-one total statements, seven belong to each of the three scale dimensions*. To
address well-known measurement challenges (Soto et al., 2008; Macours and Laajaj, 2017;
Rammstedt et al., 2013), I correct for acquiescence bias (following Rammstedt et al. (2013))
and create an general locus of control index using a factor analysis process. Factor analysis
is particularly well suited for this application as each of the Likert scale items is essentially a
proxy for an underlying latent variable representing a respondent’s locus of control. Factor
analysis allows us to learn about this latent variable and reduce the dimensionality of the
data significantly. I describe the process in more detail in Appendix 7.1.

Table 4 and Figure 1 summarize the distribution of the general locus of control index.
By construction, the distribution for the full sample is centered on zero. In addition to
the standard deviation of the index, I also report the mean index value for each tercile of
the distribution. Because the primary purpose of the Levenson scales are to create ordinal
rankings of respondents, the raw index value is difficult to interpret. We can confidently say,
however, that respondents in the upper (third) tercile exhibit significantly more external
locus of control than those respondents in the lower tercile. For this reason, many of the
behavioral regression specifications will use indicators for a household’s tercile position in

locus of control distribution rather than the raw index value. Movement across terciles, it

4There are twenty-four elements in the standard Levenson IPC instrument. I drop three, one in each
dimension, for issues of cultural relevance.
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can be noted, is equivalent to just over a one standard deviation change in the index value.

There are many reasons to collect data on general locus of control. As discussed in the
review of both economic and psychology literature, general locus of control has been shown
to correlate with a number of activities and decisions. As a standard component of broad
surveys, then, it may be a useful and low-cost inclusion. It’s inclusion here shows that,
on average, households in Mozambique display more external locus of control than do their
counterparts in Tanzania. This can be hypothesized to both result from the different shocks
to which they have been exposed and to influence their behavior moving forward. To best
understand decision-maker beliefs about specific domains, however, a more activity specific

locus of control measure is needed.

Table 4: General Locus of Control Distribution

LOCGeneral
o | Tercile 1 Tercile 2 Tercile 3
Full Sample | 0.85 -0.99 0.09 0.90
Tanzania 0.84 -1.26 -0.43 0.58
Mozambique | 0.56 -0.11 0.53 1.06

Figure 1: General Locus of Control Distributions in Mozambique and Tanzania

General Locus of Control

————— Tanzania Mozambique
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3.1.2 Maize-Specific Locus of Control

An effective instrument for maize-specific locus of control will capture the extent to which a
decision-maker believes that variation in maize harvest is attributable to her actions relative
to forces outside of her control. In addition to capturing the source of variation, the measure
must not be sensitive to the scale of farming operations. This will allow for comparisons
among farmers with plots of various sizes.

In order to create such a measure, survey enumerators have the following conversation
with each farmer. First, a reference point is created by asking the area of a farmer’s best
maize plot and the quantity of maize seed typically planted on this plot. The respondent
is then asked to imagine that she plants her plot with a specific input bundle. Three input
bundles are presented: local seed varieties® with no fertilizer, improved seed varieties with no
fertilizer, and improved seed varieties with fertilizer. For each input bundle, the respondent
is asked how much maize she would expect to harvest under “poor”, “normal”, and “very
good” rain conditions. The top panel of Figure 2 shows the map resulting from this activity.

The farmer’s belief in her own ability to influence harvest outcomes (Maizey) is conceptu-
alized as follows. For a given weather state, how much does her choice of input bundle affect
harvest outcomes? The intuition is identical for farmer beliefs about the influence of external
forces (Maizeg) on production outcomes. Now, however, the input bundle is constant and
variation in harvest comes from moving across weather states. Figure 2 illustrates.

To capture the balance between internal and external influence that characterizes locus
of control, I create a ratio of the two beliefs described above. Let the three input bundles
presented to the respondent be given by j € {1,2,3} and the three states of weather be
given by k € {l,n, g} (low, normal, good). Let y;, be the harvest expected from using input

bundle j in weather state k. Maize-specific locus of control is defined as:

| (S
LOCtaine = %‘;Z‘Z = ;: Es_g (8)
Yok

Where

Zk(yjk - gj-)Q
S =y 2 (9

5Local seed varieties refer to non-certified, saved seeds. Often, local maize seed is simply maize grain
planted as seed. Improved seed varieties refer to certified maize seed. Both hybrid and open-pollinated
varieties are considered improved maize seed.
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S = \/Zj(yjk — Jok:)? (10)

2
B 1
Yjo = g(yjl + Yjn + Yig) (11)
3 1
Yok = §<ylk + Yo + Ysk) (12)

Consistent with the conventions from psychology, larger numbers indicate more external
locus of control — the belief that weather plays a more significant role in the variability
of production outcomes relative to the choice of input bundle. Figure 3 shows how the
hypothetical harvest activity differs for households demonstrating an internal and external
locus of control in maize production. The left-hand panel of Figure 3 contains data from
a farmer scoring in the most internal tercile of the maize-specific locus of control measure.
Relative to the vertical travel of each input line, significant variation is visible across lines.
Contrast this with the right-hand panel, which contains data from a farmer scoring in the
most external tercile of the measure. Here, the vertical travel of each input line clearly

dominates the variation in output across lines.

17



Figure 2: Locus of Control in Maize Production: Harvest Under Various Weather-Input
Combinations
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On average, households in the Mozambican demonstrate more external locus of control
in maize production than do their Tanzanian counterparts. Figure 4 compares density plots
of the maize-specific locus of control measure across the two countries. A horizontal line
has been placed at the value of one, indicating equal balance between the influence of input

choice and weather on variation in production outcomes.

Figure 4: Maize-specific Locus of Control: Mozambique and Tanzania

6
Maize-specific Locus of Control

————— Tanzania Mozambique |

Table 5 summarizes these distributions further. As with the general locus of control

measure, I also report the mean locus of control measure for households in each tercile of

the distribution.

Table 5: Distributions of Maize-Specific Locus of Control by Country

LOCMaize
Mean SD | Tercile 1 Tercile 2 Tercile 3
Full Sample | 1.49 1.04 0.80 1.24 2.44
Tanzania 1.24 0.61 0.76 1.11 1.85
Mozambique | 2.01 1.43 1.01 1.67 3.33

4  Locus of Control and Adoption of Improved Maize Seed

Section 2 provides a number of predictions about how locus of control might affect a farmer’s
decision to adopt improved seed varieties, as well as how locus of control might relate to other
components of the decision-making problem. With instruments for both maize-specific and

general locus of control now in hand, I turn to testing some of those predictions.
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The first task is to establish whether or not locus of control predicts improved seed use.
Across the three rounds of data collected from 2016 to 2018, 62% of households in Tanzania
and 35% of households in Mozambique reported using an improved seed variety. I begin by
treating this data as observational, estimating linear probability models of the form described
in Equation 13. The decision to adopt improved maize varieties is regressed on measures
of both maize-specific and general locus of control. With no prior reason to suspect that
the conditional expectation function follows a particular non-linear functional form, linear
probability models provide a good approximation of the conditional expectation function
and facilitate comparison of marginal effects across models (Angrist and Pischke, 2008). I
use robust standard errors in all specifications, due to the inherent heteroskedasticity of the

linear probability model.
Pr(yi,t - 1) =a+ BiLOCMaize,itfl + ﬁéLOOGeneral,itfl + ﬁYIZitfl + €t (13)

In order to hone in the beliefs most relevant to decision-making, I make use of the panel
nature of the data. I use lagged beliefs to avoid simultaneity and recall bias. Farmers who
were unhappy with the year’s outcome might under-report input usage. At the very least,
a farmer’s experience using (or not using) improved seed varieties in the current year would
already be reflected in their beliefs about the extent to which their choices and external
forces affected harvest outcomes.

Figure 5 depicts the timing of survey rounds and the agricultural calender. To make
the chain of events clear, focus briefly on the 2016 survey round. The beliefs elicited at
this time reflect the agricultural season and harvest that just concluded in June and July.
These beliefs are the most relevant with which to predict behavior at the start of the 2017

agricultural season in November and December.

Figure 5: Timeline of Survey Enumeration and Agricultural Decision-making

Data Collection and Agricultural Calendar

2015 2016 2017 2018
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The model pools observations from both countries, with data on improved maize use

coming from the 2017 and 2018 survey rounds. To account for differences in use rates
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across countries and years, I include an indicator equal to one if the observation is from
the 2018 survey round and another equal to one if the observation is from Mozambique (in
specifications without community fixed effects).

Table 6 contains baseline evidence that locus of control is related to the decision to adopt
improved maize varieties. In this first specification, a farmer’s adoption decision is regressed
on her maize-specific and general locus of control measures with no additional controls aside
from community fixed effects. Subsequent models will add controls for other common de-
terminants of adoption and controls for other subjective elements of the neoclassical choice
problems described earlier. This will provide insight into the hypothesized mechanisms.

The first two columns predict adoption using a household’s tercile position in the general
and maize-specific locus of control distribution. As noted above, the raw scores — used in
columns three and four — are difficult to interpret. Models two and four add village fixed
effects to account for issues of market access, agroecological factors, and historical weather
patterns.

Across all four columns, a more external locus of control is associated with a reduced
probability of adopting improved maize varieties. These results are particularly strong for
the maize-specific locus of control measure. Being located in the upper, most external
tercile of maize-specific locus of control is associated with an economically meaningful and
statistically significant drop in the probability of adopting improved maize seed varieties of
eleven percent.

The effect of an external locus of control in maize production reduces to a more moderate
but still significant 3.8 % when village fixed effects are introduced. The maize-specific locus
of control measure created in Section 3.1.2 embodies many experiences and characteristics of
the production environment, among them agroecological conditions and soil quality. Village
fixed effects seek to remove the influence of localized access problems, however they may also

remove some influences most correctly attributed to maize-specific locus of control.
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Table 6: Impacts of Locus of Control on the Adoption of Improved Maize Varieties

Report Using an Improved Maize Variety

(1) (2) (3) (4)
Maize-specific LOC
Tercile 2 -0.0841**  -0.0284**
(0.0164) (0.0126)
Tercile 3 -0.112**  -0.0382**
(0.0187) (0.0143)
LOC\j4ize -0.0200**  -0.00300
(0.00883)  (0.00605)
General LOC
Tercile 2 -0.0543**  -0.0232*
(0.0197) (0.0136)
Tercile 3 -0.0857**  -0.0349**
(0.0223) (0.0169)
LOCGeneral -0.0552**  -0.0251***
(0.0103)  (0.00730)
Mozambique -0.0682 -0.0778*
(0.0408) (0.0433)
2018 -0.0417  -0.0457*  -0.0401**  -0.0448***
(0.0161) (0.0161) (0.0162) (0.0161)
Constant 0.679** 0.583*** 0.601** 0.546***
(0.0333) (0.0129) (0.0314) (0.0106)
Control Set No No No No
Village FE No Yes No Yes
Observations 5398 5398 5398 5398
R? 0.033 0.276 0.029 0.275

Robust standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01



4.1 Locus of Control on Subjective Probabilities

The role of e in Section 3 is played by the quality of a growing season, and more specifically,
the quality of rainfall for maize production. To gauge farmer’s expectations about the
distribution of rainfall events, each respondent is asked a series of questions. First, a farmer
is asked how many years out of ten she expects to have normal rainfall for growing maize.
She is then asked, out of the remaining years, how many years she expects to have very good
and very bad rainfall for producing maize.

In both countries, the average household expects good rain three out of ten years and
poor rain two out of ten years. Table 7 shows that these responses are only weakly correlated
to locus of control.

Table 7: Correlation Among Locus of Control Measures and Rainfall Expectations (Years
out of ten)

Tanzania Mozambique
LOCGeneral LOCMaize LOCGeneral LOCMaize
Rain = Bad 0.07 -0.02 -0.03 0.02
Rain = Normal -0.03 0.05 -0.01 0.03
Rain = Good -0.03 -0.04 0.04 -0.05

4.2 TImpact of Locus of Control on Risk Attitudes

While the full household survey does not include a module to estimate risk aversion coeffi-
cients, I conducted an auxiliary survey with a subset of study participants in Mozambique to
better understand the properties of the various measures of locus of control. This auxiliary
survey was conducted with just under 200 randomly selected participants in 10 communities.

As part of the auxiliary survey, participants completed an incentivized module to elicit
the prospect theory parameters associated with curvature of the value function and prob-
ability weighting. The survey also contained a set of four questions concerning “general
risk attitudes”, which capture decision-makers’ feelings toward new ideas, technologies, and
trying new things. This risk attitudes module is part of the full household survey and serves
to link the auxiliary results to the full sample results.

No strong correlations are visible between either curvature of the value function (Sigma)
or weighting of small probabilities (Alpha) and locus of control in maize production, strength-

ening the case that risk aversion and locus of control are separate concepts. A stronger
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Table 8: Locus of Control and Risk Attitudes Among a Mozambican Sub-population

LOC)j4ize Risk Index Sigma Alpha

Risk Index 0.11 1.00
Sigma 0.04 0.04 1.00
Alpha 0.03 0.03 0.37 1.00

positive correlation is visible between the general risk index and locus of control in maize
production. Higher scores in the risk index are associated with an increased willingness to
engage with new ideas and experiences. This variable exists in the full dataset as well and

will be included as a control variable below.

4.3 Re-estimating the Impact of Locus of Control on Adoption

I now re-estimate Equation 13 this time including controls for beliefs about the probability
of weather events and risk attitudes, as well as a set of controls for common determinants
of adoption. The complete control set includes a proxy for household economic status, scale
of farm activity, education, and recent shocks to agriculture. Like locus of control, the
set of controls are lagged to best fit into the decision-making timeline. Table 9 contains
the resulting estimates’. The additional controls have little impact on the fit of the model.
The impact of general locus of control reduces somewhat, but little impact is seen on the
activity specific measure. This is consistent with the lack of relation shown in the previous

two sections.

4.4 Impacts of Locus of Control on Subjective Returns to Investment

The primary avenue through which locus of control is hypothesized to affect investment
decisions is by affecting the subjective production function. While the current data are
not sufficient to estimate the production function itself, I can construct a measure of the
perceived returns to adopting improved maize varieties similar to the condition laid out in

Equation 5 (reproduced below).

6T use satellite-measured rainfall data matched to household location to include an indicator equal to one
if the household experienced sub-optimal rainfall the previous season. Optimal rainfall for maize is between
500-800 millimeters. The indicator variable constructed here takes a value of one if cumulative rainfall for
the 120 days following planting is less than 400 millimeters.

"The full table with covariates can be found in Appendix 7.6
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Table 9: Impacts of Locus of Control on the Adoption of Improved Maize Varieties

Report Using an Improved Maize Variety

(1)

(2)

(3)

(4)

Maize-specific LOC

Tercile 2 -0.0772%*  -0.0267**
(0.0150) (0.0126)
Tercile 3 -0.108***  -0.0361**
(0.0179) (0.0145)
LOC y14ize -0.0207*  -0.00316
(0.00869)  (0.00589)
General LOC
Tercile 2 -0.0380* -0.0144
(0.0195) (0.0138)
Tercile 3 -0.0589**  -0.0186
(0.0215) (0.0172)
LOCqeneral -0.0383***  -0.0149*
(0.00987)  (0.00755)
Controls
Mozambique -0.0525 -0.0657
(0.0432) (0.0457)
2018 -0.0368**  -0.0458*  -0.0362** -0.0454***
(0.0161) (0.0161) (0.0161) (0.0161)
Constant 0.388*** 0.393*** 0.334*** 0.368***
(0.0654) (0.0453) (0.0627) (0.0416)
Control Set Yes Yes Yes Yes
Strata FE No Yes No Yes
Observations 5355 5355 5355 5355
R? 0.050 0.282 0.045 0.282

Robust standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01
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Specifically, I can use data from the hypothetical harvest activity to identify the discrete
jump in harvest that a farmer expects to follow adoption in each weather state. Figure
6 illustrates. For comparability across farmers, the vertical axis now depicts maize grain

harvest per kilogram of maize seed used.®

Figure 6: Estimating Expected Marginal Harvest Returns to Adopting Improved Seeds
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Despite being constructed with the same data, the expected harvest gain and maize-
specific locus of control measure are conceptually and empirically distinct. Appendix 7.2
proves the distinction. In summary, I show that locus of control is invariant to scaling all
outcomes by a positive constant, while expected return is not. In the other direction, ex-
pected harvest is invariant to adding a positive constant to all outcomes, while this preserves
the maize-specific locus of control measure only as a special case.

In order to show that they also distinct in the data, we would like to see that there is
sufficient variation in the expected return to adoption across at each point in the locus of
control distribution. Figures 13 and 14 (In Appendix 7.2) plot the expected return across
terciles and deciles of the maize specific locus of control distribution. A relationship is

visible between average expected returns and maize-specific locus of control but substantial

8Seed use rates are more reliable than maize-area. The vertical axis could also be constructed using area
yields.
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variation is also visible at each point in the distribution.

I combine the three yield returns with subjective expectations about the probability
of each rainfall state to obtain the expected return on yields of improved maize adoption.
Multiplying this by local, year-specific grain prices provides an estimate of the value marginal
product of adoption, depicted on the left-hand side of Equation 5. For the right-hand side,
I use a farmer’s reported seed quantity and the average price of improved seed varieties for
each country and year in the sample. Figures 13 and 14 have horizontal lines depicting the
expected increase in harvest necessary for adoption to be profitable. At all points in the
maize-specific locus of control distribution, adoption of improved maize varieties is viewed
as profitable for a significant fraction of households.

Having demonstrated that the maize-specific locus of control construct and the expected
return to adoption are distinct, I can now quantify the relationship between the two. Note
that there is no concern that general locus of control and expected return to adopting
improved varieties are identical. To estimate this relationship, I regress the expected return
to adoption on both locus of control measures, once again using a farmer’s tercile location

in the distribution of each measure.

E[fm,it] =a+ ﬁiLOCmaize,it + BéLOCGeneralﬂlt + Vy + Vy + €it (14)

Where v, and 1, are villag eand year fixed effects. Note that both beliefs are now elicited
at time ¢, which allows for use of all three years of data. Table 10 reports these results.

A more external locus of control, as measured by both the maize-specific and general locus
of control measures, are associated with decreases in the expected returns from adopting
improved maize varieties. The effects are especially large for the maize-specific measure,
where being in the second tercile is associated with decrease of seventeen kilograms of harvest
per kilogram of improved seed and being in the most external tercile as associated with a
drop of nearly twenty-eight kilograms per kilogram of seed.

These results are suggestive evidence that locus of control affects the subjective produc-
tion function as posited in Section 2.2. In particular, the association between general locus
of control and the expected return from adopting improved seed varieties is intriguing. This
locus of control measure is not saddled with the same data limitations as the maize-specific
measure, in the sense that it does not use the same data as is used to estimate expected
returns to adoption. If anything, we would expect general locus of control to be only a weak
predictor of beliefs about the returns to improved seed varieties, which represents a familiar

technology for much of the sample.
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Table 10: Association between Locus of Control and the Expected Harvest Increase Per Kg
of Improved Seed Used

E[Increase]
Maize-specific LOC
Tercile 2 -17.06%**
(1.739)
Tercile 3 -27.70%F
(1.707)
General LOC
Tercile 2 -4.434*
(1.749)
Tercile 3 -6.281***
(1.704)
Constant 66.13***
(1.790)
Year FE Yes
Village FE Yes
Observations 8376
R? 0.230

Clustered standard errors in parentheses
*p<0.10, ** p < 0.05, *** p < 0.01

9 More to the Story

Up to this point I have focused exclusively on the connection of locus of control to elements
of neoclassical optimization problems. In an application to the adoption of improved maize
varieties among smallholding farmers in Eastern Africa, both activity specific and general
locus of control have demonstrated clear links to behavior. Associated evidence also supports
the hypothesis that locus of control is primarily related to beliefs about the production
function.

The psychology literature, however, and the characterization of locus of control as a belief
suggest that there is more to the story. First, the influence of locus of control on behavior
were posited to depend on the familiarity of the activity in question. This was hypothesized
both for the influence of general locus of control on activity specific locus of control and for
the influence of activity specific locus of control on behavior.

Second, while beliefs about the production function and profitability drive action in
economic models, human decision-makers also respond to other influences. Locus of control,
specifically general locus of control, might be related to the extent that decision-makers

incorporate the suggestions and desires of powerful other agents — such as community leaders
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or researchers—into their behavior.
This final section takes a brief look at these hypotheses by making use of adoption of a
new agricultural technology in response to a randomized marketing intervention and detailed

data on community meeting attendance in Mozambique.

5.1 Heterogeneous Impacts to a Randomized Marketing Intervention

Prior to the start of the 2015/2016 agricultural season, the UC Davis-CIMMYT research
team launched an intensive marketing intervention in cooperation with producers of drought-
tolerant maize seed in Mozambique and Tanzania. Study communities were matched into
strata based on proximity and agroecological characteristics. Communities were then ran-
domly assigned to treatment and control. Treatment communities received targeted mar-
keting efforts from the research team and seed company partners. Control communities did
not. Drought-tolerant seed was sold at market prices®.

To study the effects of locus of control on the adoption of unfamiliar technologies, I
estimate heterogeneous adoption impacts for the randomized marketing intervention using

locus of control as a moderating variable. I will consider both maize-specific locus of control

and general locus of control as potential sources of heterogeneity.
P’T’(yit = 1) =+ Qyiytfl + BQTTGCLti + BiLOCitfl + BgT'r’eati . LOCZ'tfl -+ €it (15)

Estimating heterogeneous impacts according to Equation 15 allows me to use the random
allocation of treatment to look at differential uptake of the new technology across terciles
of locus of control. The coefficients of interest are the vector of interactions between lo-
cus of control and treatment status represented by [, in Equation 15, with the necessary
exclusion restriction being Eley|Treat;, LOCy;_1] = 0. As treatment status does not vary
for a community, this specification does not include community fixed effects. However, the
stratified approach to randomization should result in balance across treatment and control
communities on relevant unobservable variables like soil quality, weather history, and market
access. Strata fixed effects are included and standard errors are clustered at the community
level. In order to not impose stricter correlation in the dependent variable than necessary, I
use an ANCOVA specification rather than difference-in-difference.

Earlier in this paper, I discussed at length the challenges facing adoption of improved

9With randomly allocated discounts to study price responsiveness in Mozambique. It should also be
acknowledged that the marketing intervention may have lowered transaction costs, making the seed slightly
cheaper than in the absence of the intervention.
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maize seed varieties and their prevalence in both countries. Despite their far-from-universal
adoption, most farmers are familiar with the technology and many have used it in the
past. Drought-tolerant maize varieties, on the other hand, represent a new technology that,
while commercially available, was relatively unknown to most farmers prior to the marketing
intervention. If locus of control is more salient for new technologies, we will expect to see the
moderating variable play a more significant role in the effect of the treatment on adoption
of drought-tolerant seed than on improved seed generally.

Table 11 contains the results of using farmers’ tercile position in the locus of control
distribution to generate heterogeneous impacts. Heterogeneous impacts with the continuous
measure can be found in Table 15 in Appendix 7.6. Columns one and three contain the
base-case impacts of the marketing intervention on use of improved and drought-tolerant
maize seed, while columns two and four contain the heterogeneous specifications.

Consistent with the hypothesis that locus of control is more active in shaping behavior
when technologies are newer, the marketing intervention demonstrates heterogeneous returns
in the adoption of drought-tolerant maize varieties but not improved varieties more generally.
These impacts are most clearly seen using the maize-specific locus of control instrument.
Being in the most external tercile of households according to this measure reduces the impact
of the marketing treatment by six percent. While being in the more external terciles of
general locus of control does generate negative point estimates, they are similar in magnitude
to the influence of general locus of control on the earlier improved seed adoption models and

are not significant.
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Table 11: Heterogeneous Impacts to a Randomized Marketing Intervention

Use Improved Maize

Use Drought-tolearnt Maize

1 2) 3) (4)
Yit—1 0.161**  0.163***  0.0644*** 0.0653***
(0.0189)  (0.0183)  (0.0186) (0.0190)
Treat 0.282***  (0.239** 0.390*** 0.452***
(0.0225)  (0.0336)  (0.0167) (0.0294)
Maize-Specific LOC
Treat x Tercile 2 0.00402 -0.0477**
(0.0301) (0.0233)
Treat x Tercile 3 0.0381 -0.0605**
(0.0340) (0.0244)
General LOC
Treat x Tercile 2 0.0339 -0.0103
(0.0323) (0.0262)
Treat x Tercile 3 0.0366 -0.0360
Constant 0.248**  0.318***  0.0432*** 0.0346*
(0.0147)  (0.0274)  (0.0116) (0.0189)
Saturated N/A Yes N/A Yes
Strata FE Yes Yes Yes Yes
Observations 5563 53955 6210 5816
R? 0.238 0.239 0.223 0.233

Clustered standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01
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9.2 Locus of Control on Community Meeting Attendance and Purchases In

Mozambique

Focusing specifically on the sample of households from Mozambique provides a final op-
portunity to study an interesting element of the relationship between locus of control and
behavior. Each year the UC Davis research team and it’s local partners facilitated commu-
nity meeting in all treatment communities in Mozambique. At these meetings, educational
sessions were conducted in collaboration with the agricultural extension service on planting
practices and the characteristics of drought-tolerant seeds. Drought-tolerant seeds were also
available for sale.

Households participating in the study received personal invitations to the community
meetings. These invitations, distributed by community leaders, contained information on
the date and time of the meeting, as well as the prices of the seeds to be sold. Households
were also informed that they would receive a randomly chosen discount on the price of seeds
purchased at the community meeting. Discounts were randomly chosen by each participant
out of a hat at the community meeting (10%,25% or 50%, with probabilities 0.2, 0.6, and
0.2 respectively). All participants at the community meeting drew a discount upon arrival,
regardless of whether or not she eventually made a purchase.

The same story that suggests farmers with a more internal locus of control are more
likely to value improved seed varieties above their cost can be made for any cost threshold.
Due to the random discount, households do not know exactly what price they will face for
improved seed at community meetings. If attending the meeting is costless, all households
should attend the meeting and purchase the seed if their randomly drawn discount results
in a price below their reservation price. If, instead, there is a significant opportunity cost
to meeting attendance, then households with low expected benefits of adoption should not
attend. Specifically, households with a valuation less than half the published seed price
should not attend.

Figure 7 presents a stylized model of the attendance and adoption decision. I assume that
a household’s valuation of drought-tolerant seeds decreases as locus of control becomes more
external (LOC rises). Two threshold costs are depicted. The first threshold (c¢y) represents
the opportunity cost of attendance. Household with an expected return lower than the
opportunity cost of attendance should not attend. The second threshold represents the total
cost of attending and purchasing. Households with an expected return above this level will
attend and purchase. Those households with valuations between the thresholds may attend

in hopes of receiving a large discount, but generally will not purchase.
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Community meetings were held in two years, 2016 and 2017, a few months after the survey
rounds in those same years. [ regress a household’s attendance at the community meeting on
her tercile position in the maize-specific and general locus of control distributions, including
controls for the survey year. Results are reported in the first column of Table 12. Being in
the more external terciles of the maize-specific locus of control distribution are associated
with declines of six-and-a-half to seven-and-a-half percent in the likelihood of attending the
community meetings.

The second column focuses on the population who attended the community meeting.
Here, I regress the purchase decision on locus of control, conditional on attendance. Inter-
estingly, no effects are evident for either locus of control measure. This is also true when the
continuous measures are used rather than terciles. This might suggest that the opportunity
cost of attendance is large relative to the cost of the seed itself. Once households are present

at the meeting, most purchase some quantity of drought-tolerant seed.
Figure 7: Meeting Attendance and Seed Purchases With Opportunity Cost

E[R]

Purchase Attend Do Not Attend

LOC;

The community meeting data offers an opportunity to also consider more complicated
interactions between locus of control and behavior. Some of these effects may be non-
monotonic. For example, if more externally oriented decision-makers are heavily influenced
by the suggestions of powerful other agents — such as community leaders, extension agents,
or researchers — then they may unlikely to ignore the summons to a community meeting even
if they believe there is no return to the seeds being sold.

Figure 8 adds this component to the stylized example, modeled here as an additional
benefit (Rpp) that comes not from the individual’s beliefs about the production process
but vicariously through the suggestion of powerful others. I assume that it decreases as the

decision-maker’s locus of control becomes internal.
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Table 12: Community Meeting Attendance and Seed Purchases

Attend  Purchase|Attend=1

Maize-specific LOC

Tercile 2 -0.0651** -0.0297
(0.0289) (0.0325)
Tercile 3 -0.0765*** 0.0484
(0.0241) (0.0360)
General LOC
Tercile 2 -0.0128 0.00464
(0.0256) (0.0324)
Tercile 3 0.0136 -0.0293
(0.0297) (0.0345)
2017 -0.237*** -0.0844
(0.0574) (0.0583)
Constant 0.696** 0.787**
(0.0464) (0.0485)
Observations 1425 756
R? 0.061 0.015

Robust standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01

The two mechanisms depicted in Figure 8 can be thought to respond differently to general
and activity specific locus of control. Namely, the influence of powerful other agents has no
connection to the production function. The data provide some evidence of such a pathway:.
Table 16 in Appendix 7.6 estimates models for attendance and purchase separately by year.
The 2016 results seem to drive the aggregate results. In this year while a more external
maize-specific locus of control was negatively associated with attendance, a more external
general locus of control was positively associated with attendance.

Whether or not the additional push via the influence of powerful others is beneficial or
detrimental depends on where the true returns to adoption lie. First consider the case in
which there is a single objective return for all households and it lies above cl. In this case,
the additional pressure from powerful others induces more individuals to adopt a beneficial
technology.

In a different scenario this may not be true. One interesting case is that in which each
decision-maker is perfectly informed about the benefit of the technology given their individual
circumstance. The true return is then equal to EF[R(LOC})]. In this case, the proper set of
decision-makers would already be adopting the technology. The influence of powerful other

agents would induce adoption among households for which the true benefit was negative.
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Figure 8: Expected Returns and an Influence From Powerful Others
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Even in the case where the technology is beneficial to everyone, the most externally oriented
households in Figure 8 have been induced to attend the community meeting, incurring the
cost ¢y, but leave without making a purchase.

The influence of powerful other agents can be likened to “nudges” that have become
common topics of discussion among academics and practitioners. The potential negative
effect of nudging locus of control towards the internal side of the spectrum highlights the
dangers inherent to this practice. If there is such a thing as an optimal locus of control,
it would be the locus of control that leads households to have correct beliefs about the
production function. The psychology literature noted this early on. Bar-Tal and Bar-Zohar

(1977) capture it nicely in a summary of their conclusions about education:

It should be clearly emphasized that while, on the one hand, it seems desir-
able to encourage internal perception of locus of control in environments which
actually are structured to support self-directive, self-initiative, and self-evaluative
behavior; on the other hand, educators should avoid the encouragement of in-
ternal perceptions in restrictive and controlling environments. In the latter case,
internal perceptions may induce unrealistic expectations because of the existing
gap between perceptions of options and the reality, the lack of available options.
When unrealistic expectations, whose fulfillment is beyond the reach of the in-
dividual, exist, the individual may be left with feelings of perpetual frustration.
(Bar-Tal and Bar-Zohar, 1977)

There are further reasons check the temptation to consider internal locus of control as an

unquestioned positive and external locus of control as a negative. When decision-makers are
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exposed shocks, attributing outcomes to external forces can serve as something of a defense
mechanism. Rotter (1975) discusses this point, as does the recent behavioral economic
literature on attributional style that developed out of Crandall et al. (1965) and Crandall
et al. (1962). To summarize, if your teachers are the primary drivers of success in education
or the government determines whether you get a job and how much you earn, then failure
in these arenas should cause you little psychological distress. On the other hand if it is, in
fact, your decisions that determine outcomes, then both success and failure lay squarely on
your shoulders.

If a decision-maker’s beliefs are shaped by the environment in which they act, then those
beliefs should be taken more as signals than as targets. Attempting to change the beliefs
without addressing the underlying risk factors that gave rise to them is likely to be fruitless
and could clearly be harmful. This is true not only for locus of control, but for other topics
of current interest such as hope or aspirations.

Taken as a signal, beliefs can help focus attention on the populations and problems
where interventions are most needed. The maize specific locus of control measure used
in this study provides a good example of this. The average participant household from
Mozambique attributes twice as much influence in maize production to the weather than to
her own choice in inputs. This is not true in Tanzania. This should be taken as a sign that
households in the Mozambican study areas are highly exposed to weather risk and posses

few tools with which to address it.

6 Conclusions

Just as the cognitive revolution in psychology ushered in the rise of a more nuanced treatment
of how individuals process experiences, the past few decades have seen economics begin
to more fully marry behavioral influences and models of microeconomic behavior (Kremer
and Rao, 2017). This is particularly important when applied to decisions facing those in
vulnerable communities. As noted in Bertrand et al. (2004), it is not that individuals in these
communities posses deviant beliefs or exceptional biases, but that the changes in behavior
induced by their circumstances have disproportionately large impacts on their well-being.
Rainfed maize producers in Eastern Africa, like those in the remote, resource poor areas
that make up this study, are just such a population. Households in these areas face frequent
shocks to their economic position and food security. As climate variability increases, these
challenges only grow. In response, many efforts are underway, by both governmental and

non-governmental actors, to help households become more resilient. These efforts often take
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the form of technological advancements or program interventions that require an adoption
and compliance decision.

In addition to classical constraints such as limited access to financial services and output
markets, the set of internal constraints faced by households in vulnerable communities is
often made tighter by their circumstance. In this paper, I have sought to contribute to the
literature on the existence and impact of these constraints by studying how locus of control
affects farmers’ decisions to adopt improved maize varieties in Eastern Africa. I draw on a
long history of research in psychology to connect the locus of control construct to economic
investment behavior.

While the general locus of control concept used in the existing literature is a good point
of departure, for understanding decisions in specific contexts a more activity specific locus
of control measure can be developed. I develop such a measure for the context of rainfed
maize production and show that farmers hold a wide variety of beliefs about the relative
importance of their choices in production. These beliefs are then shown to be predictive of
behavior. The third of farmers with the most external locus of control in maize production
were shown to be significantly less likely to adopt improved maize varieties in Tanzania and
Mozambique.

The most intuitive way for locus of control to affect decision-making in the framework
of neoclassical choice theory is for locus of control to affect subjective beliefs about the
production function. In particular, I propose that locus of control affects a decision maker’s
belief about the marginal product of inputs under her control and those controlled by external
forces. I present evidence in this direction. I also show that locus of control is conceptually
and empirically distinct from risk attitudes and beliefs about the probability distribution
of stochastic inputs. While the significance of locus of control is clear from the empirical
results of its influence on adoption, more research is needed in order to better elucidate the
mechanisms through which these effects occur.

In addition to it’s predictive potential, increased attention to locus of control can im-
prove our understanding of the risks facing decision-makers in a variety of contexts. This is
particularly true of activity specific locus of control measures. The average maize farmer in
the Mozambican sample attributes twice as much influence to weather variation than to her
choice of input bundle. In Tanzania, this is only twenty-four percent. Such a result might
indicate that households in Mozambique are particularly exposed to weather risk and that
there might be large returns to technologies that mitigate the effects of weather risk. If, as

I have shown, the beliefs induced by this risky environment also inhibit adoption, then pro-
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gram and policy designers will need to think long and hard about how to get their products
into the hands that need them most.

39



References

Abay, K. A., Blalock, G., and Berhane, G. Locus of control and technology adoption in
developing country agriculture: Evidence from ethiopia. Journal of Economic Behavior &
Organization, 143:98-115, 2017.

Alderman, H., Hoddinott, J., and Kinsey, B. Long term consequences of early childhood
malnutrition. Ozford economic papers, 58(3):450-474, 2006.

Alloush, M. Income, psychological well-being, and the dynamics of poverty. 2017.

Angrist, J. D. and Pischke, J.-S. Mostly harmless econometrics: An empiricist’s companion.

Princeton university press, 2008.

Banerjee, A. V. and Mullainathan, S. Limited attention and income distribution. American
Economic Review, 98(2):489-93, 2008.

Bar-Tal, D. and Bar-Zohar, Y. The relationship between perception of locus of control
and academic achievement: Review and some educational implications. Contemporary
Educational Psychology, 2(2):181-199, 1977.

Battle, E. S. and Rotter, J. B. Children’s feelings of personal control as related to social
class and ethnic group. Journal of personality, 31(4):482-490, 1963.

Bertrand, M., Mullainathan, S., and Shafir, E. A behavioral-economics view of poverty.
American Economic Review, 94(2):419-423, 2004.

Caliendo, M., Cobb-Clark, D. A., Seitz, H., and Uhlendorff, A. Locus of control and invest-

ment in training. 2016.

Carter, M. R., Little, P. D., Mogues, T., and Negatu, W. Poverty traps and natural disasters
in ethiopia and honduras. World development, 35(5):835-856, 2007.

CGIAR. Cgiar financial report 2016. 2016.

CIMMYT. Quarterly belletin of the drought tolerant maize for africa project. DTMaize, 4
(4), December 2015.

Cobb-Clark, D. A. Locus of control and the labor market. IZA Journal of Labor Economics,
4(1):3, 2015.

40



Cobb-Clark, D. A., Kassenboehmer, S. C., and Sinning, M. G. Locus of control and savings.
Journal of Banking € Finance, 73:113-130, 2016.

Coleman, J. S. Resources for social change. race in the united states. 1971.

Coleman, M. and DeLeire, T. An economic model of locus of control and the human capital
investment decision. Journal of Human Resources, 38(3):701-721, 2003.

Crandall, V. J., Katkovsky, W., and Preston, A. Motivational and ability determinants of
young children’s intellectual achievement behaviors. Child development, pages 643-661,
1962.

Crandall, V. C., Katkovsky, W., and Crandall, V. J. Children’s beliefs in their own control of
reinforcements in intellectual-academic achievement situations. Child development, pages
91-109, 1965.

FAO. Regional overview of food insecurity: African food security prospects brighter than

ever. Technical report, Food and Agriculture Organization of the United Nations, 2015.
FAO, A. World agriculture: Towards 2015/2030—. Rome: FAO, 2002.

FAOSTAT. Share of dietary energy supply derived from cereals, roots and tubers. Food and
Agriculture Organization of the United Nations, 2017.

Franklin, R. D. Youth’s expectancies about internal versus external control of reinforcement

related to N variables. PhD thesis, Purdue University, 1963.
Genicot, G. and Ray, D. Aspirations and inequality. Econometrica, 85(2):489-519, 2017.

Hoddinott, J. and Kinsey, B. Child growth in the time of drought. Ozford Bulletin of
Economics and statistics, 63(4):409-436, 2001.

Kremer, M. and Rao, G. Behavioral economics and development. Chapter under preparation
for the first edition of the Handbook of Behavioral Economics, 2017.

Laajaj, R. Endogenous time horizon and behavioral poverty trap: Theory and evidence from

mozambique. Journal of Development Economics, 127:187-208, 2017.

Laajaj, R., Macours, K., et al. Measuring skills in developing countries. Technical report,
The World Bank, 2017.

41



Lefcourt, H. M. Locus of Control: Current Trends in Theory and Research. Lawrence
Erlbaum, 1982.

Lefcourt, H. M. and Ladwig, G. W. The effect of reference group upon negroes task persis-
tence in a biracial competitive game. Journal of Personality and Social Psychology, 1(6):
668, 1965.

Lefcourt, H. M., von Baeyer, C. L., Ware, E. E., and Cox, D. J. The multidimensional-
multiattributional causality scale: The development of a goal specific locus of control

scale. Canadian Journal of Behavioural Science/Revue canadienne des sciences du com-
portement, 11(4):286, 1979.

Levenson, H. Differentiating among internality, powerful others, and chance. 1981.

Lybbert, T. J. and Wydick, B. Poverty, aspirations, and the economics of hope. FEconomic
Development and Cultural Change, 66(4):000-000, 2018.

Macours, K. and Laajaj, R. Measuring skills in developing countries. Policy Research
Working Papers, (January):82, 2017. doi: doi:10.1596/1813-9450-8000.

Mani, A., Mullainathan, S., Shafir, E., and Zhao, J. Poverty impedes cognitive function.
science, 341(6149):976-980, 2013.

Mc Ghee, P. E. and Crandall, V. C. Beliefs in internal-external control of reinforcements

and academic performance. Child Development, pages 91-102, 1968.

McGee, A. D. How the perception of control influences unemployed job search. ILR Review,
68(1):184-211, 2015.

Miller, G. A. The cognitive revolution: a historical perspective. Trends in cognitive sciences,
7(3):141-144, 2003.

Moya, A. Violence, psychological trauma, and risk attitudes: Evidence from victims of

violence in colombia. Journal of Development Economics, 131:15-27, 2018.

Nelsen, H. M. and Frost, E. Residence, anomie, and receptivity to education among southern

appalachian presbyterians. Rural Sociology, 36(4):521, 1971.

Pettigrew, T. F. Social evaluation theory: Convergences and applications. In Nebraska

symposium on motivation. University of Nebraska Press, 1967.

42



Rammstedt, B., Kemper, C. J., and Borg, I. Correcting big five personality measurements

for acquiescence: An 18-country cross-cultural study. European Journal of Personality, 27
(1):71-81, 2013.

Rotter, J. B. Social Learning and Clinical Psychology. Prentice-Hall, 1954.

Rotter, J. B. Generalized expectancies for internal versus external control of reinforcement.

Psychological monographs: General and applied, 80(1):1, 1966.

Rotter, J. B. Some problems and misconceptions related to the construct of internal versus
external control of reinforcement. Journal of consulting and clinical psychology, 43(1):56,
1975.

Schreiner, M. A simple poverty scorecard for tanzania, 2012.
Schreiner, M. and Lory, H. N. D. A simple poverty scorecard for mozambique, 2013.

Soto, C. J., John, O. P., Gosling, S. D., and Potter, J. The developmental psychometrics
of big five self-reports: Acquiescence, factor structure, coherence, and differentiation from

ages 10 to 20. Journal of personality and social psychology, 94(4):718, 2008.

Wuepper, D. and Lybbert, T. J. Perceived self-efficacy, poverty, and economic development.
2017.

7 Appendix

43



7.1 Appendix: Factor Analysis on the Levenson IPC Scales

Constructing a measure of general locus of control in the sample described in this paper
begins with the twenty-one Likert-style items listed in Table 13. Seven items pertain to each
of three hypothesized control dimensions: internal control, chance factors, and powerful other
agents. In this appendix, I describe the process of using factor analysis as a data reduction
tool to create a single index, or set of indices, that captures differing beliefs about general
control of outcomes for the sample of farmers studied in Mozambique and Tanzania

Initial factor analysis suggests retaining seven factors, using the Kaiser criterion of re-
quiring eigenvalues above unity, or seven factors, locating the point on the screeplot where an

)

“elbow” indicates diminishing returns to additional factors. Figure 9 contains a screeplot of
the resulting eigenvalues. The factor analysis routine also warns of a Heywood case, suggest-
ing collinearity among some of the items. The instrument is designed with three factors in
mind, so I retain three factors and rotate factor loadings using an oblique quartimin rotation
in order to allow for correlation in the factors. This is justified as attribution of control to
internal and external forces are believed to be negatively correlated.

Figure 10 plots the rotated factor loadings for all twenty one items. Items with an “I”
prefix belong to the internal set of questions; items with a “C” prefix belong to the chance
set of questions; and items with a “P” prefix belong to the powerful others set of questions.
The figure makes it clear that the three factors cannot easily be identified according to an
underlying association. Internal items are not loading primarily on Factor 1, for example.

In order to address both the Heywood case and the lack of a consistent factor structure.
I conduct another round of factor analysis on the set of items associated with each Levenson
dimension. I retain items that load positively on the primary factor and discard those that
do not. Visual inspection of the correlation matrix for all items confirms that the discarded
items were not correlated with other items in their own scale or with the items on the other
sets of scales. In total, fourteen items were retained.

I once again run the factor analysis routine and consider the resulting screeplot in order
to asses the underlying factor structure. The Heywood case has been resolved and a Kaiser-
Meyer-Olkin test (0.73) indicates that there is a sufficient common factor structure to warrant
data reduction via factor analysis. Both selection criteria now agree that a single factor
should be retained (Figure 11). Plotting the resulting factor loadings in Figure 12 also
indicates a clear pattern across internal items (negative loadings) and external items (positive
loadings). I interpret this factor as “general locus of control”. In keeping with psychology

convention, larger values are associated with more external locus of control.
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Table 13: General Locus of Control Items. Adapted from Levenson (1981) for use in Tanzania
and Mozambique

Retained

Internal

SRRl

N Gt W

Whether or not I get to be a leader depends mostly on my ability.
When I make plans, [ am almost certain to make them work.
How many friends I have depends on how nice a person I am.

I can pretty much determine what will happen in my life.

I am usually able to protect my personal interestes.

When I get what I want, it’s usually because I worked hard for it.
My life is determined by my own actions.

Retained

Chance

X

1.
2.

i

To a great extent my life is controlled by accidental happenings.
Often there is no chance of protecting my personal interests ...
from bad luck happenings.

When I get what I want, it’s usually because I'm lucky.

I have often found that what is going to happen will happen.

. It is not always wise for me to plan too far ahead because many...

things turn out to be a matter of good or bad fortune.
Whether or not I get to be a leader depends on whether ...
I'm lucky enough to be in the right place at the right time.
It is chiefly a matter of fate ...

whether or not I have a few friends or many friends.

Retained

Powerful Others

X

1.

I feel like what happens in my life...
is mostly determined by powerful people.

. Although I might have good ability, I will not be given ...

leadership responsibility without appealing to those in positions of power.
My life is chiefly controlled by powerful others.

People like myself have very little chance of protecting our personal ...
interests when they conflict with those of strong pressure groups.

Getting what I want requires pleasing those people above me.

If important people were to decide they didn’t like me...

I probably wouldn’t make many friends.

In order to have my plans work, I make sure that they fit in ...

with the desires of people who have power over me.
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Figure 9: Screeplot: All 21 General Locus of Control Items
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Figure 11: Screeplot: Retained 14 General Locus of Control Items
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7.2 Appendix: Activity Specific Locus of Control versus Expected Returns to
Adoption

Consider the following example with two possible choices by the decision-maker I € {1, 2}
and two states of nature, F € {1,2}.

E
1 2
I 1| yir | Y12
2 | Y21 | Y22

Assume a positive return to the decision-maker’s (DM) choice of I = 2 in both states of
nature. Also let output for both choices by the DM increase if the state of nature is £ = 2.
No restriction is placed on the relationship between 1o, and ;5. Thus the initial conditions

are:

Y11 < Y21 Y11 < Y12
Y12 < Y22 Y21 < Y22

Assigning any probabilities (P;,P») to the states of nature, the expected return to adop-

tion is given by

E[Ro] = Pi(ya1 — y11) + Pa(Y22 — y12) (16)
Asin Section 3.1, define activity specific locus of control for j = I € {1,2} and k = E € {1,2}
as:
> (2)
LOCy = ——==4
= (5)
Where

Ser. = \/Z(?Jgk — ok )?

3 1
Yjo = 5(%’1 + Yj2)
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1

§(ylk + Yo

Given the simple two-by-two space. I write LOCj as a single expression made up of four

@.k -

elements.
\/(2,/11*371.)2 +(y12—T1e)? \/(y21 —U2e)2+(y22—T2e)?
LOC — Yle Y2e 17
0 \/(1111—3301)2 +(y21—Ye1)? \/(ylz Jo2)2+(y22—7e2)? ( )
Yol Yeo2
Where:
Yie = %(3/11 +Y12)  Yo1 = %(yn + y21)
Yo = 3(Yo1 + y22) Yoz = 5(y12 + y22)

From left to right and top to bottom, call the four elements in Equation 17 Ni,, Na,,
N.l, and N.Q

7.3 Scaling outcomes by a constant

Consider
E
1 2
I 1 yil y1i2
2| Y51 | Y

where yj’\k = X Yjk

7.3.1 Scaling all outcomes by a constant changes the expected return to adop-

tion.

B[R = Pi(ya, — y31) + Pa(yao™ — 1n2”)
= Pi(Ay21 — Aynn) + Po(Ay22 — Ayn)
= AP1(yo1 — y11) + APa(y22 — y11)
= AE[Ro] # E[Ry]
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7.3.2 Scaling all outcomes by a constant does not change activity specific locus

of control

There are four elements in LOC). From left to right and top to bottom, call these four

elements Nj,, Nay, N}, and N2,. The numerator and denominator of each element is of the

same form. Consider the numerator of the first element.

V= 2+ (4 — 1re)?

Note that:

3 1
Te = 5 (Ui + vi2)
1
= 5()\1911 + Ayr2)

1
= 5)\(?/11 + Y12) = A\l1e

Then 18 becomes:

\/()\yn — A1e)? + (AY12 — Al1e)?

= \/)‘2@11 — U10)% + A2(Y12 — Y1e)?
= AV (Y11 — J10)% + (412 — J10)?

The first element of LOC),, is thus:

\/(y{\l - gi\o)Q + (y{\Q - g{\o)2
Jie

_ >‘\/(Z/11 — U10)% + (Y12 — J1e)?
)\glo

V(W11 — G1e)2 + (Y12 — T1e)?
glo

The same is true for each element and thus LOC, = LOC,.
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7.4 Adding a constant to all outcomes

Consider
E
1 2
I 1 gll g12
Ya1 | Y22
where
Uik = Yjk + A

7.4.1 Adding a constant to all four outcomes does not change the expected

return

ER] = Pi(J21 — th1) + Pa(G22 — 712)
=P(yar + A =411 = A) + Po(yo2 + A — y12 — A)
= P1(y21 — v11) + Pa(y22 — y12) = E[Ro]

7.5 In nearly all cases, adding a constant to all outcomes changes locus of

control

There are four elements in LOC. From left to right and top to bottom, call these four
elements ]\71., Ng., N.l, and N,,. The numerator and denominator of each element is of the
same form. Consider the numerator of the first element.

Consider the element ]\71. in LOC. First, the denominator:

— 1 B 1
Ute = =(J11 + T12) = =(y11 + A+ y12 + A)

2 2

1 1
= 5(3;11 + Y12 + 2A) = 5(1/11 + y12) + A
:glo“‘)\

The fact that A is a positive constant means that I can rewrite the denominator as:

The denominator of each element can be written as

glo + A= H1.371. (19)
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where
o glo + )\

glo

Now, I show that the numerator does not change with the addition of a positive constant:

(20)

Hie

\/(ﬂn — 710)2 + (12 — J1e)?
=/ (Y1 + A+ 1o — N2+ (Y12 + A — J1e — N2
=v/ (y11 — ¥10)% + (12 — U1a)?

I can then write element Nl. as:

1

Hie

Nlo:

° Nlo
The same is true for the other elements. LOC can then be written:

1 1
~ _'Nlo‘l'E'NQo

LOC = L :
/: . N.l + m . No2
Thus LOC = LOC, only if:
1 1
'N10+ 'N2o:/7'(Nlo+N2o)
Hie HU2e
And
1 1
'N01+ 'NOQZ'V'(N01+NO2)
Hel He2

Where 7 is a positive constant. This perfect balance in proportionality seems unlikely

and, indeed, in numerical simulations it proves to be so.

7.6 Appendix: Additional Tables and Figures
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Table 14: Impacts of Locus of Control on the Adoption of Improved Maize Varieties

Report Using an Improved Maize Variety

(1) (2) (3) (4)
Maize-specific LOC
Tercile 2 -0.0772%  -0.0267**
(0.0150) (0.0126)
Tercile 3 -0.108*  -0.0361**
(0.0179) (0.0145)
LOCy4ize -0.0207* -0.00316
(0.00869)  (0.00589)
General LOC
Tercile 2 -0.0380* -0.0144
(0.0195) (0.0138)
Tercile 3 -0.0589*** -0.0186
(0.0215) (0.0172)
LOCgenera -0.0383**  -0.0149*
(0.00987)  (0.00755)
Controls
Mozambique -0.0525 -0.0657
(0.0432) (0.0457)
2018 -0.0368™  -0.0458**  -0.0362™*  -0.0454***
(0.0161) (0.0161) (0.0161) (0.0161)
SPS Points 0.00223***  0.00159**  0.00204***  0.00153***
(0.000688)  (0.000503) (0.000694) (0.000504)
Num. Plots 0.0210** 0.00573 0.0218** 0.00592
(0.00656)  (0.00569)  (0.00665)  (0.00566)
Education 0.0706**  0.0555**  0.0714™*  0.0550***
(0.0213) (0.0143) (0.0214) (0.0143)
Risk Index 0.0210 0.0330* 0.0210 0.0327*
(0.0140) (0.0130) (0.0139) (0.0128)
E[Good Rain] 0.00493 0.00377 0.00485 0.00386
(0.00534)  (0.00457)  (0.00530)  (0.00459)
E[Poor Rain] -0.00155 0.00102 -0.00160 0.00114
(0.00663)  (0.00463)  (0.00660)  (0.00464)
Drought 0.0497* 0.0144 0.0511* 0.0137
(0.0239) (0.0178) (0.0245) (0.0179)
Constant 0.388*** 0.393*** 0.334* 0.368***
(0.0654) (0.0453) (0.0627) (0.0416)
Observations 5355 5355 5355 5355
R? 0.050 0.282 0.045 0.282

Robust standard errors in parentheses

Strata FE

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table 15: Heterogeneous Impacts to a Randomized Marketing Intervention

Use Improved Maize

Use Drought-tolearnt Maize

(1) (2) (3) (4)
Yit—1 0.161***  0.165"**  0.0644*** 0.0659***
(0.0189)  (0.0182)  (0.0186) (0.0189)
Treat 0.282*** 0.261*** 0.390*** 0.426***
(0.0225)  (0.0282)  (0.0167) (0.0222)
Maize-Specific LOC
LOC v14ize -0.00698 -0.000793
(0.0106) (0.00400)
Treat X LOC)\14ize 0.00966 -0.0163**
(0.0133) (0.00824)
General LOC
LOCGeneral -0.0480*** -0.000986
(0.0146) (0.00750)
Treat x LOCGeneral 0.0297* -0.0162
(0.0176) (0.0125)
Constant 0.248***  0.266**  0.0432*** 0.0391**
(0.0147)  (0.0230)  (0.0116) (0.0143)
Observations 5563 5355 6210 5816
R? 0.238 0.239 0.223 0.232

Village clustered standard errors in parentheses, Strata FE Used

*p<0.10, ** p < 0.05, *** p < 0.01
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Figure 13: Expected Harvest Gain From Adopting Improved Maize Seeds Across Deciles of
the Locus of Control Distribution
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Figure 14: Expected Harvest Gain From Adopting Improved Maize Seeds Across Terciles of
the Locus of Control Distribution
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Table 16: Community Meeting Attendance and Seed Purchases: By Year

2016 (2017)
Attend  Purchase|Attend=1 Attend Purchase|Attend=1

Maize-specific LOC

Tercile 2 -0.102** -0.0165 -0.0330 -0.0513
(0.0404) (0.0465) (0.0519) (0.0613)
Tercile 3 -0.125%* 0.0473 -0.0270 0.0457
(0.0406) (0.0551) (0.0516) (0.0556)
General LOC
Tercile 2 0.0172 0.0147 -0.0351 -0.0122
(0.0350) (0.0358) (0.0412) (0.0543)
Tercile 3 0.0695* -0.0308 -0.0399 -0.0294
(0.0379) (0.0380) (0.0489) (0.0699)
Constant 0.696*** 0.780*** 0.457** 0.715***
(0.0446) (0.0533) (0.0534) (0.0724)
Observations 714 463 711 293
R? 0.016 0.007 0.002 0.007

Robust standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01
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