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Abstract

Using data from the Philippines, we study the imbmdanobile phones on the prices
agricultural producers receive for their cash cMMe first look at the impact on price of
mobile phone ownership at the household level. Beeathis masks a considerable
amount of heterogeneity, we then look at the impactprice of the intrahousehold
allocation of mobile phones. We find that wheths® household owns a mobile phone
has no impact on price, but whether a farmer orspisuse own a mobile phone is
associated with a 5- to 8-percent increase in price
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1. Introduction

The last decade has seen a rapid growth in the auaflmobile phones in developing countries.
According to the International Telecommunicationidn(ITU), one individual in 20 subscribed

to mobile phones throughout the world in 1998. BY&, that figure had climbed to almost 12
individuals in 20, with developing countries accbog for almost two thirds of mobile-phone

use in 2008 compared with less than half in 2002J(12009). As a result, the mobile phone is

the most rapidly adopted information communicatechnology (ICT) in the world.

Over the same time period, mobile phones have ddrean urban centres to rural areas as
well as from the wealthy to the poor in developaayintries (Aker and Mbiti, 2010). Moreover,
mobile phones are often the only form of telecomiwation to be found in rural areas of
developing countries (Donner, 2008). Many individuand households throughout the
developing world have thus “leapfrogged” fixed-litedephone technology altogether in order to

directly adopt mobile phone technology.

For individuals and households in rural areas o¥eltging countries, for whom the
cultivation and subsequent sale of cash cropstendhe only source of cash, the adoption of
mobile phone technology can entail a reductionhe transaction (that is, information and
search) costs associated with finding the tradiagner who will purchase one’s crop at the
highest pricé. By reducing the transaction costs associated thirsale of cash crops — farmers
who own mobile phones can simply call potentiatlitng partners instead of taking the time to
visit them — mobile phone technology can stimutateket activity, especially in areas with poor
transportation infrastructure. This leads to mdfieient allocations of resources, which in turn
allows economic policies to have their intende@&8 by reducing price distortions (de Janvry

etal., 1991).



For these reasons, concurrently with the spreamaifile phones throughout rural areas of
the developing world, there has been a sharp isergathe number of development agencies
and organisations as well as in the scale of deweémt projects and programs encouraging the
adoption of mobile phones. For example, the Millamm Village Project (MVP) introduced
village mobile phones to monitor health indicat@ws/P, 2010). Likewise, Grameen claims that
“mobile phones not only create a new business appity for the poor, [they] also bring access
to information, market, health and other serviaeshie remote rural areas” (Grameen, 2007).
Lastly, new nongovernmental organisations (NGOshsas MobileActive have emerged in
response to the presumed beneficial impact of raopliones on the poor, and the United
Nations encourages the use of mobile phones as ansmef achieving the Millennium

Development Goals.

Despite the hype surrounding mobile phone technpldgwever, the evidence on the
impacts of mobile phones on the welfare of indiaiduand households is relatively scant.
Within that literature, a good amount of attentivms been devoted to the impact of mobile
phone technology on traders and consumers (Ové@6;2Aker, 2010). Indeed, although
Commandeet al. (2011) find that the use of ICT — defined as amgHrom some Internet and
email use to the use of centrally automated arebjmted production processes — increases firm
productivity in Brazil and India, few studies hasssessed the impact of mobile phones on
producers. One exception is the paper by KlonndrNmlen (2010), who look at the impact of
mobile phone technology on rural labour markets dmdl that employment increases
substantially once a given area receives netwovierage. Similarly, Chowdhury (2006) finds
that access to landline phones increase rural rfantoket (land and labour) participation by

about 14 percent in Bangladesh. Labonne and CR&68) look at the impact of mobile phones



on the per capita consumption of farmer househaldise Philippines and find that purchasing a
mobile phone is associated with an 11- to 17-per¢ecrease in consumption. Aker and
Fafchamps (2011) find that the introduction of n@lphones reduces price dispersion but does
not translate into higher prices on West Africarwpea markets. Within the context of a
randomized controlled trial in India, Fafchamps &hiaten (2012) find that the prices farmers
get for their crops are not significantly higher filnose farmers experimentally assigned to
receiving market information. Zanello et al. (20I2d some evidence that Ghanaian farmers

use mobile phones to reduce search costs andtattaam-gate buyers.

We study the impact of mobile phone technology gnicaltural producers by directly
studying the relationship between mobile phone oship and the price received by producers
for a cash crop. More importantly, we study the actpof mobile phones at both the household
and intrahousehold levels, first by controlling fehether the household owns a mobile phone,
and then by controlling for who within the householwns a mobile phone. We do so because
even though a mobile phone is, in principle, a lkbo&l public good, the information obtained
by way of a mobile phone is a club good. Thattigs honrival (an individual’s consumption of a
given piece of information does not preclude othessn doing so), but it is excludable (an
individual can preclude others from consuming aegipiece of information by keeping it
secret). What we find is that mobile phones doapgtear to be household public goods. As such,
it may not always be possible for a farmer whoseskbold owns a mobile phone to use the
mobile phone to look for a better price if, for exale, the mobile phone is owned by one of the
farmer’s children — in this context, this also umés the adult children who still live at home —

who does not accompany the farmer in his dealingstwaders.



Using survey data on farmers from three distrintiNueva Ecija, a landlocked province of
the Philippines, we estimate the determinants weprreceived by farmers for onions, the main
cash crop in the survey area. Our findings sugipastmobile phone ownership at the household
level has no statistically significant impact ore thrices received by farmers. Rather, they
suggest that it is the intrahousehold allocatiomabile phones that matters in determining the
prices received by farmers for their onions. Oueaempirical results indicate that mobile phone
ownership by a farmer is associated with a 6-perncenease in the price received by the farmer
for his cash crop. When estimating robust spediboa, our results indicate that mobile phone
ownership by the farmer’s spouse is associated avitl8-percent increase in the price received
by the farmer for his cash crop. These findingsgesg that the intrahousehold allocation of
mobile phones might very well matter for househeédfare, a finding is especially important in
light of the fact that many leading household sysveonducted in developing countries only ask
about mobile phone ownership at the household .leveleed, the most recent round of
ICRISAT'’s Village-Level Survey, the most recent dable Living Standards Measurement
Surveys (conducted in Tajikistan in 2009 and in dlap 2010), and the most recent round of
Demographic and Health Surveys only ask whetheom@yn a given household owns a mobile

phone?

Our approach suffers from two important limitatioeowever. First and foremost, our
results cannot be argued to be causal. Indeeckatare of our research design can be exploited
to successfully establish the causal impact of fegiiones on the prices received by farmers in
this context. Our data consist of household suresyponses for a cross-section of farmers. As
such, what we find is not a causal relationshipdvuinteresting correlation that warrants further

investigation aimed at assessing causalifjie novelty of our approach, however, is to lihk t



literature on ICT in developing countries with theerature on intrahousehold allocations
(Thomas, 1990). As such, in suggesting how it iswizether a household owns a mobile phone
that matters but rather who within the householch®w mobile phone, our empirical results
suggest that in order to maximise policy effecte®s) development policy makers need to look
beyond simple household-level mobile phone ownprskhe findings in this paper could thus be
extended to those of other studies. For examplesede (2007) looks at the impact of mobile
phones on the prices obtained by fishermen in Jrimiahe does not look at who else might own
a mobile phone within fishing households. Muto afainano (2009) look at whether household-
level mobile phone ownership increases market@gpatiion, but they do not look at who owns a
mobile phone within the household. Aker (2010) &esion the impact of mobile phones on the
prices obtained by traders in Niger, but she alsesdot look at who else might own a mobile
phone within trader households. Futch and McIn{@§l09), for their part, look at the impact of
village-level mobile phones in Rwanda on a numldaneasures, which neglects the impact of

the allocation of mobile phones both within théage and within households.

Second, our empirical results rely on a relativatyall sample of 95 observations stratified
by mobile phone ownership at the household levkhodigh the households in our sample were
randomly selected from within each stratum (thabigners and non-owners of mobile phones)
in each district, the relatively small size of @ample could undermine statistical confidence in
our results. To remedy this, we conduct robustngsscks in which we estimate robust
specifications and in which the standard errors boetstrapped, finding no qualitative
differences as regards the impact of mobile phdet®een these and our core results, which

instead rely on robust standard errors.



2. Background

This study is based on a survey of 95 agricultdraliseholds in three districts (that is,
barangays) surrounding San Jose, the second largest cithenNueva Ecija province of the
Philippines? Located in the Central Luzon region of the counMyeva Ecija is a landlocked
province whose population attained 1.8 million deap 2007 according to National Statistical
Office estimates (NSO, 2010). Nueva Ecija is alse of the largest rice- and onion-producing
provinces in the Philippines. As of 2002, it ha@ thighest number of farms and the largest
farmed area in Central Luzon, with 119,148 farmreag out across 196,390 hectares of land for
an average of 1.65 hectares per farm (NSO, 2010).

Although rice is the most important crop in Nuevaj& the analysis in this paper focuses on
yellow onions for three reasons. First, unlike riadnich is a subsistence crop, yellow onions
remain the most important cash crop in Nueva Eamd around San Jose. Second, the price of
onions is more volatile than the price of rice, efhimakes for an environment in which those
with better access to price information are mdtelyi to have a significant advantage over those
who do not Third, onions are a perishable crop, and a casiginding in the literature on the
impact of ICT in developing countries is that meblhones have a greater positive impact on
perishable than on non-perishable crops, since nfemmyers in developing countries lack the
storage capacity required to smooth out price dlattbns (Deaton and Laroque, 1996; Overa,
2006; Jensen, 2007; Muto and Yamano, 2009; AketQR0Consequently, those with better

access to price information are more likely to gmsicantly better in this environment.

Farmers can sell their onions to traders or agditalers often hire agents to buy onions
from farmers. Traders sell onions wholesale acdifsrent areas within a province or across

provinces. For rice, farmers have the additionadloopof selling their rice directly to “buying



stations,” or small warehouses mostly located iwrtown San Jose. Onion sellers do not have
that option and sell directly to agents or tradet® come into town instead. Although the

Walrasian model of economic theory posits thatvemgigood will be traded at a unique price in

equilibrium, there exist significant transactiorstofor both sellers and buyers of onions, which
wedge themselves between the market price of oraadsthe effective sales price received by
onion sellers (that is, farmers) and the effecpuechases price paid by onion buyers (that is,
traders or agents). As such, a farmer and an agenader transacting together form a bilateral
monopoly, in which case the price at which oniorilé lve transacted upon need not correspond
to the perfectly competitive price of neoclassiadonomic theory. Indeed, the relative

bargaining power of each party, the likelihood thdarmer and an agent will transact with each
other in the future, reputational concerns, aneotonsiderations may push the realised price

away from that predicted by the Walrasian modefaff@mps, 20045.

Lastly, we note that in the present context, a teqgtinone is simply a device that allows one
to make and receive calls as well as to send araivie text messages. The mobile phones used
by our survey respondents are thus a far cry flmerstart phones most readers will be familiar
with. In other words, our survey respondents do usx mobile phone applications to track
commodity prices. Rather, if they use their mopit@nes to obtain better prices, they use them

to talk to or exchange text messages with agemtdraders.

3. Data and Descriptive Statistics
Survey interviews were conducted between May ame R010. Because the interviews were

conducted two to three months after farmers sadd nions, this paper relies on farmer recall



for the relevant information. Because respondents/el the majority of their livelihoods from

agriculture, however, their recall of agricultupaice information was very good.

Farmer- and household-level data were collecteld thi¢ help of enumerators trained by the
Philippines Rice Research Institute. Within eacstriit, about 30 households were selected.
Because there are more mobile phone owners tharowbars in the population, households
with no mobile phones were oversampled. In orddsriiog our sample as close as possible to a
random sample, the empirical results in this papeorporate sample weights computed using
the sample and population proportion of househdldng ownership and non-ownership. The
latter proportions were obtained from the 2003 Manmcome and Expenditure Survey (NSO,
2006) for Central Luzon, the region where the pmogi of Nueva Ecija is located. The Family
Income and Expenditure Survey finds that 47 peroénbe households in Central Luzon own
phones. Although this percentage encompasses nafuldixed-line subscribers, this is a good
proxy for mobile phone ownership given that fix@wel subscribers only represented 4.7 percent
of households (NSO, 2006). And while mobile phonéssription rates have increased
dramatically, fixed-line subscription rates havagsiated in the Philippines. Thus, although this
does not allow computing perfect sampling weiglitss the best available data on phone
ownership.

The data are representative of onion farmers inréiggon we study, i.e., the rural areas
around the city of San Jose, Nueva Ecija provirioethe Central Luzon region of the
Philippines. The data were collected by one ofabthors as follows. In eadbarangay (i.e.,
district), the author obtained a list of the popiola of all households in the district from the

district administration and randomly selected abtfilihouseholds from that list. Due to missing



observations for specific variables, the estimasample includes 36 households from the first
district, 29 households from the second districtl 80 households from the third district.

Table 1 presents a list of the variables usedigpghper along with a detailed description of
each variable. Table 2 presents sample-weightecrigége statistics. As regards our dependent
variable, farmers receive on average a price of0B%per kg of onion5® The overwhelming
majority of farmers in the sample are male, withsleghan 2 percent of female farmers. The
average farmer is 46 years old and has completedt &ight years of education, which suggests
that the average farmer in the data has receive@ secondary education.

Before turning to household level variables, weentitat Stinner (1977) reports that the

statistical definition of household in the Philipps is

“a group of people who sleep in the same dwelling and have common arrangements
for the preparation and consumption of food. (...)rlast cases, a household consists of
a related family group. (...) In most cases, a hoolkkmay be taken to be the entire
group of persons who customarily sleep in one dmgellinit. An exception, however, is
that of two or more distinct family groups with ggendent eating arrangements who
share one dwelling unit only for economy or forkdad housing facilities in the district.”

Stinner also reports an average within-househdid & nuclear family members to extended
family members equal to 0.91 in rural areas, arad #2.1 percent of rural households in the
Philippines consist of fewer than two nuclear famsilliving under the same roof. Given the
foregoing, it seems reasonable to assume thathildren in our data are those of the farmer and

his spouse and that those children live underdhgesroof as their parents.

The average household is composed of about fouvithals, about one third of whom are
dependentS.The average household cultivates 0.43 hectarkmndf This includes land devoted

to onions, rice, and other crops. In the Philippirfiemallholders” are defined as households who

10



farm less than two hectares, which means thatwbege household in the data is a smallholder.
The majority of farmers in the data cultivate eitbaions or rice but rarely both within a given
season. In our data, the average farmer dedichtesstathe entirety of his landholdings — 0.42
hectares out of 0.43 hectares, or 98 percent ofamdholdings — to onion cultivation. The
average household had an income of about US$1rb20 fon-onion related sources between
January and May in 2010.

Four different types of land ownership are obseinetthe data. A little over half the farmers
in our sample own all of the land they farm. Abautird of farmers, however, cultivate some
land under a fixed-rent or share tenancy agreeMerkewise, a little under 15 percent of

farmers own some mortgaged land, whereas abouic8meare amortising owners of some land.

Almost half of the farmers in the data report tlilaey are members of agricultural
organisations, which we use here as crude measfighat Godquin and Quisumbing (2008)
refer to as formal social capital (by oppositiorirttormal social capital, which they defines as a
respondent’s trust-based network) in the rural ipithes. These organisations can potentially
give farmers access to cheaper inputs and loarms ladver interest rate than those acquired
individually. Sometimes, the only form of formalales is through group members. Rural banks
tend to give loans to groups which are then resptengor disbursing smaller loans to their
members. Organisations like farmer field schoots alao give access to more advanced farming
practice methods. Among the farmers surveyed, afoeiin 20 belongs to a cooperative, almost
one in four belongs to an irrigator associatiorittke over one in ten belongs to farmer field
school, and about one in 20 belongs to either pe@bive or to some other farmer association.

Lastly, the farmers in our sample are distributiedost uniformly across districts.

11



Turning to our variables of interest, almost hdlfah households in the data own a mobile
phone, a figure that is consistent with the redistatistics discussed above. In the full sample of
all households in the data, the farmer owns a ragiibne in 28 percent of cases, his wife owns
a mobile phone in 13 percent of cases, and at deeesof his children owns a mobile phone in 11

percent of cases, respectively.

4. Empirical Framework

In order to study the impact of mobile phones om dltput prices received by farmers in our
data, we focus on two regressions of interest.firberegression is designed to study the impact
of mobile phone ownership at the household levegbrice, such that

Iny;; = ay + Bixi; + 615 + yamili + €1, (1)

wherey;; is the price received by farmem district; for his outputy;; is a vector of household
characteristicsg, ; is a vector of district dummiem{j-is a variable equal to one if anyone within
household: in districtj owns a mobile phone and equal to zero otherwisgeg; is an error

term with mean zero.

The second regression is designed to study the cimpla mobile phone ownership by

controlling for the intrahousehold distributionrabbile phones, such that
1n}’ij =a; + ﬁzxij + 52j + VZFmiF}' + stmigj + Vzcmfj + €3ij, (2)

wherey;, x;, andé,; are defined as in equation &y, mfj andml-cj are dummy variables for
whether the farmer (F), his spouse (S), or anyi©thildren (C) owns a mobile phone; anjgis

an error term with mean zero.
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In both equations 1 and 2, the dependent variablthe natural logarithm of the price
received by the farmer rather than the price leVéé take the logarithm of the dependent
variable because prices are typically log-normadliistributed, that is, the logarithm follows a

normal distributiort*

Not all the farmers in our data sold their oniomvest in a single transaction. Some of them
reported two (n=23) or three (n=4) transactionds Timfortunately does not allow using farmer
fixed effects given that individual characteristegscluding mobile phone ownership at both the
household and individual levels — would collaps® ithe farmer fixed effect. For those farmers
who reported more than one transaction, we simpé/the average onion price received as the

dependent variable.

Both equations 1 and 2 are estimated by ordinastlequares (OLS) with robust standard
errors*? In equation 1, the hypothesis test of interestuish thatH,:y; = 0 versusH,:y; # 0.
In this case, a rejection of the null hypothesisfamour of y; > 0 would suggest that the
presence of a mobile phone within the househoé$s®ciated with significantly higher received
onion prices. Likewise, in equation 2, the hypothéssts of interest are such thatHj} y,r = 0
versusH,: v,r # 0, (i) Hy:yos = 0 versusH,: y,s # 0, and (iii) Hy: y2¢c = 0 VersusHy: y,¢ #
0. In this case, a rejection of any of the null hyygses in favour of, > 0 would suggest that

individual mobile phone ownership is associatedhwignificantly higher onion prices.

Lastly, in the online appendix, we also estimatepacification in which we control for
household-level mobile phone ownership on the bakigbservables. We do this in order to
assess the robustness of our finding at the holdséheel. In the first stage of this specification,

we estimate the determinants of mobile phone oviaest the household-level by estimating a
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probit regression. In the second stage of thisiBpatton, we estimate the determinants of onion
prices, replacing the dummy variable controlling tbhe presence of a mobile phone at the
household level with the predicted probability obliiie phone ownership obtained from the
first-stage probit instead of actual mobile phomenership as a regressor. In what follows, we

refer to this as the two-stage specification.

5. Estimation Results and Discussion

Before proceeding with the parametric empiricallgsia discussed in the previous section, it
may be helpful to begin the discussion of our erogiresults with some simple nonparametric
evidence so as to assess whether there exist utiooatrelationships between the variables of
interest (that is, mobile phone ownership at theskebtold and the intrahousehold distribution of
mobile phones conditional on mobile phone ownedshimd the outcome variable (that is, the

prices received by the farmers for their oniofis).

5.1. Nonparametric Analysis

Figure 1 in the online appendix present kernel tigresstimates of the distribution of the
logarithm of the onion price, both overall and byukehold mobile phone ownership status.
Table 3 presents mean onion prices by mobile ploevieership regime at the household level
and, conditional on the household owning a mobHleng, at the intrahousehold level. In this
case, note that the households who own a mobilenglao not receive a price that is
significantly different than the price receivedthg households who do not own a mobile phone.
Rather, it is the intrahousehold distribution of bit® phones that appears to matter: the

households in which the farmer himself owns a neobihone appear to receive a significantly
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higher price for their onions than the househofdsvhich the farmer does not own a mobile
phone. This finding is reversed when looking at tke the farmer’s children own a mobile

phone.

5.2. Parametric Results

The empirical results in table 3 do not control émnfounding factors. Consequently, table 4
presents estimation results for the determinantieprices received by respondents controlling
for farmer and household characteristics as welloasvhether the household owns a mobile
phone. The specifications in table 4 progressilelid up the regression by focusing first on
farmer and household characteristics (column Bn thy adding the farmers’ ownership status
on the majority of his landholdings (column 2), dnhlly by adding crude measures of social
capital and district dummies (column 3).

In this case, the household’s income and its laldiings are associated with higher onion
prices, whereas the size of the households’ ctéd/area devoted to onions is associated with
lower onion prices. While the former results areswprising — higher incomes and larger
landholdings are likely correlated with a betterdagning position — the latter finding is prima
facie puzzling. Because the vast majority of fasrnarthe data tend to sell their onion harvest in
one transaction given the fixed transaction castsirred for each transaction, however, it is
likely that the more onions a farmer shows up witla meeting with a trader, the more likely he
is to have to accept giving a price discount to peeson he transacts with. This is perhaps
because of a lack of storage facilities: given thi@bns are harvested simultaneously, farmers

are likely eager to sell them as soon as possible.
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Whether a household owns a mobile phone has net&tally significant impact on the price
received by the farmer for his onions. Although enight think that this could be driven by
outliers, robustness checks (not shown) indicade rdmoving these outliers does not change the

lack of significance of the household-level molgleone ownership indicator variable.

We move from the household to the intrahousehaldl lim table 5 by controlling for who, if
anyone, owns a mobile phone within the householgai®y, the household’s income and its
landholdings are associated with higher onion grieed the size of the households’ cultivated
area devoted to onions is associated with loweoromirices. What does change in table 5,
however, is the impact of mobile phones on theepreceived by the farmer: in all three
specifications in table 5, farmers who own mobhempes appear to receive systematically higher
prices for their onions. Computing the average maitgeffect of mobile phone ownership in
table 5 households for which the farmer owns a mobile hoeceived prices that were
respectively 5.3 (column 1), 5.8 (column 2), an8l olumn 3) percent higher than households

for which the farmer did not own a mobile phone.

Could these findings be driven by the presenceutfers in the dependent variable? Table 6
presents estimation results for five robustnes<lcheThe first column presents estimation
results for Huber’'s (1973) robust M-estimator. Beeond column presents estimation results for
a median (i.e., quantile) regression. The thirdugol presents estimation results for Yohai's
(1987) high breakdown MM-estimator. The fourth afiih columns respectively present
estimation results for Rousseeuw and Yohai's (188éstimator and MS-estimator. In that case,
although the intrahousehold allocation of mobileomds still appears to matter in every
specification, the impact of mobile phones appéarshift from whether the farmer owns a

mobile phone in table 5 to whether both the farorenis spouse own a mobile phone in columns

16



1, 2, and 4, and to whether the farmer’s spouseeatovns a mobile phone in columns 3 and 5,
with the impact of mobile phone ownership by therfar or his spouse statistically different

from one another in four out of five specifications

Tables 5 and 6 also present the results of fous wfsequality of coefficients in order to
determine whether the impact of mobile phone ownprs the same across individuals (that is,
farmer, spouse, and children) and between pairsdofiduals (that is, farmer and spouse, farmer
and children, and spouse and children). Genertily,results of these tests indicate that the
impact of mobile phone ownership is not equal aiagividuals, which lends support to the

hypothesis that the intrahousehold allocation obilegphones matters.

5.3. Discussion

First and foremost, our findings call into questitie public good nature of the information
obtained by way of mobile phones. While it seenaso@able to assume that one mobile phone
per household is sufficient for most social andifess purposes, since individuals within the
household can take turns using the phone, we fmdignificant relationship between mobile
phone ownership at the household level and pri€es suggests limitations in the extent to
which mobile phones are shared within householden daking into account the fact that a
household can own more than one mobile phone. Whike likely that the mobile phone is
shared for some purposes such as contacting freemdi$amily, our results indicate that they are
not shared for the purposes of searching for bptiees. Hence, different individuals within the
household seem to own mobile phones for differemppses, and the information obtained by

way of mobile phones is less of a public good tisamsually assumed.
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Second, our empirical results raise the questiowlof mobile phones are not reallocated
from the children to the parents within the houseéfiavho own a mobile phort&.Indeed, if a
farmer is aware that a mobile phone within his letva¢d will only be useful in securing better
prices for his crops if he is the owner of that p&owhy would he not claim the phone for
himself? This reasoning, while intuitively appeagliimplicitly assumes that higher onion prices
automatically mean higher welfare for the houselwolthe individual farmer. It could very well
be the case, however, that one of the farmer'sli@nl has a mobile phone because she can make
a better use of it in terms of welfare. As sucl, fmding should not be interpreted as evidence

of anomalous behaviour on the part of the houssheklstudy.

Lastly, our findings indicate that it may be adwag®ous for “ICT for development’-type
(ICTD) interventions to target specific householdmbers so as to maximise impact. Depending
on the outcome, technologies can have heterogerefterts on the household. In San Jose,
Nueva Ecija, it is well-known that farmers haveanpetitive advantage in negotiating prices
and generally have a more extensive buyer netvaarkt is no surprise that in our data, farmer
ownership of mobile phones is associated with hdrigales price. In this context, there does not
appear to be high educational or income barrietssiog mobile phones since they are simple to
use and relatively cheap, and the use of mobilen@hdas widespread even in rural areas. With
more complex ICTD tools such as mobile phone appbas, however, it may be important to
target not just farmers, but those farmers cartheséechnology most effectively to maximise the

outcome of interest.

A good example in which the intrahousehold allamaf technology matters in conjunction
with education is with the International Rice Reshdnstitute’s Nutrient Manager for Rice Text

(NMRice Txt) program in the Philippines. A free wee, NMRice Txt helps farmers calculate
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the optimal fertiliser needs based on a set of aesps that users enter about their plot
characteristics corresponding to questions askednbgutomated voice over the mobile phone
(Nelson, 2010). When the service was tested irptbeinces of lloilo and Isabela, farmers who
had previously owned mobile phones and who knew toomvake and receive calls and send and
receive text messages struggled in using the newcse even with the aid of three video
presentations on how to use the software, lecthyesrained agricultural extension workers,
visual demonstrations, and automated questionsstedjuo the local dialect of the provinces.
When farmers were asked if they would use the serwn the future, most of them responded

that they would have their children, who are mexhtsavvy, use NMRice TxNelson, 2010).

There is thus some anecdotal evidence suggestagnibbile phone-based initiatives can be
adopted more effectively if farmers are taughtititaition behind new farming practices while
more tech-savvy members of the household are ttdet use. Labonne and Chase (2009), for
example, find a significant correlation betweencaadional attainment of the oldest child in the
household and household mobile phone ownershigwide, the estimation results in appendix
table Al online indicate that in our data, moreaded farmers are more likely to have access to
a mobile phone within their household. Both thesdihgs suggest that the presence of educated
individuals in the household drives technology dttwpin the household, similarly to how Basu
and Foster (1998) show how the presence of ati@endividual in a given household creates a
positive externality for the illiterate members tife household, who become “proximate

literates” as a result.

6. Conclusion
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There exist important but distinct literatures mgjvely on the impacts of information
communication technology on rural markets (Ove@®& Jensen, 2007; Donner, 2009; Labonne
and Chase, 2009; Muto and Yamano, 2009; Aker, 26k@r and Mbiti, 2010; Klonner and
Nolen, 2010) and on the impacts of intrahousehaldtrol of income and bargaining power
(Thomas, 1990; Lundberg al., 1997; Qian, 2008; Ashraf, 2009; Rubalcatal., 2009). We
link these two literatures by studying the hitheuwwexplored impacts of the intrahousehold
allocation of information communication technoldgy.

Specifically, we study the impacts of mobile phawnership at both the household and
intrahousehold levels on the prices by agricultymadducers. Using survey data on a cross-
section of onion farmers in the Nueva Ecija proein€ the Philippines, we find that the presence
of a mobile phone at the household level appednave no statistically significant impact on the
price received by a farmer for his onions, but wkethe farmer himself owns a mobile phone is
associated with a 6-percent increase in the péeceived for his onions.

There are good a priori reasons to believe that edmirols a given technology within the
household may matter. Our empirical finding — melphones appear to have a positive impact
on prices, but only when the farmer or his spousa the mobile phone within a household —
calls into question ICTD-type policy interventiodgsigned around the allocation of mobile
phones at the household level (or worse, at tHagéllevel, as in the Grameen village mobile

phones case). This is all the more important gihengrowing number of ICTD efforts.

Given the nature of our data, however, our emgifiadings cannot be argued to be causal.
That is, we cannot exploit a specific feature @feaach design or a specific variable to establish
the potential causal relationship that flows frorobihe phones to agricultural prices. Rather, we

find an interesting correlation between the intraehold allocation of mobile phones that
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appears too important for policy makers and resesscto ignore. Moreover, given our small
sample size and the fact that our data only focasesne region of the Philippines, our results
have little external validity. But given the growimmportance of ICT in developing countries
and in development policy, this correlation warsafurther investigation so as to determine
whether there is indeed a causal relationship tvmeobile phones and agricultural prices, and

whether such a causal relationship holds broadiysaadeveloping countries.

! While we apply our argument to net seller housghéthat is, households who sell more of a
given cash crop than they buy of it), a similaruemgnt can be made for net buyer households
(that is, households who buy more of a given casip ¢han they sell of it), for whom the
adoption of mobile phone technology can entail ducion in the transaction costs associated
with finding the trading partner who will sell aogr at the lowest price. See Ketyal. (2000),
Fafchamps and Hill (2005), and Bellemare and Baf206) for empirical investigations of
how transaction costs can impede market partidpati

2 A notable exception to the rule is the South Adrid.abour Force Survey questionnaire, which
directly asks respondents about whether they thiegsewn a mobile phone.

¥ We also estimate a two-stage specification conediptclose to a propensity score matching
(PSM) model to assess the robustness of our firglinige household level. Using this PSM-type
approach does not allow making a causal staternantt offers additional evidence in favour of
our finding that the presence of a mobile phonthathousehold level does not affect the price
received by the farmer.

* The smallest administrative region in the Philiggs, abarangay refers to a ward within a
municipality.

21



®> Annual farmgate price series obtained from theeBurof Agricultural Statistics of the
Philippines indicate that the coefficient of vaioat (that is, standard deviation divided by mean)
was 0.46 for dry paddy and 0.68 for yellow onioasthe period 1990-2004 (that is, the period
for which annual farmgate prices are available doth commodities). Similarly, the standard
deviation of the dry paddy price series was equdl.77 PhP, whereas the standard deviation of
the yellow onions price series was equal to 6.08.Ph

® Likewise, it is in principle possible that a fammaight decide to sell his onions to the trader
who offers the highest price on the basis of apted@e conversation and that the trader
subsequently decides to hold up the farmer by fiegegn his promised price once the farmer
has incurred the transaction cost of meeting whlbk trader. Repeated interactions and
reputational concerns should minimise the numbauoh occurrences, however.

" This price figure may seem low to those familidthvihe context. Informal conversations with
farmers suggest that in 2010, the year the dat@ wellected, onion prices were indeed low
compared to previous years.

8 At the time of writing, US$% PhP 46.

° A household’s dependency ratio is equal to the@gntion of individuals younger than 15 and
older than 64 years of age within the householdisTwhile household size is a rough measure
of labour quantity within the household, the depary ratio is an equally rough measure of
labour quality within the household.

19Because there was only one case of share tenaiog data, we lump sharecroppers and fixed
renters into a single “tenant” category. The foategories of land ownership do not sum up to

one due to the ambiguous ownership status of sdote @f land.
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X During preliminary work, we also conducted robest checks in which we used the level
instead of the logarithm of the price received bg farmer. The results of those robustness
checks (not shown) were qualitatively similar te tines presented in this paper.

12 We conduct robustness checks with (i) bootstrapptaddard errors and (ii) a randomly
selected 90-percent sub-sample of our sample inothime appendix. The results of those
robustness checks are not qualitatively differemtnfthose with robust standard errors as regards
the impact of mobile phones on prices.

13 Although the means-comparison tests we presepamof our nonparametric results compare
actual parameters, we use the term “nonparameirittie sense that the evidence in this section
is free from distributional assumptions.

“ The average marginal effects reported in this pamee calculated using the formula derived
by Kennedy (1981) to calculate the marginal impEca dummy variable in a semilogarithmic
equation. Kennedy’'s method improved upon earligivdgons by Halvorsen and Palmquist
(1980).

5 An anonymous reviewer suggested we define a duwemiable equal to one if either the
farmer or his spouse owns a mobile phone and usanstead of two separate mobile phone
ownership dummies for the farmer and his spousat &Asns out, in the specifications in which
we use this new variable instead of two separat@blas (not shown), the coefficient on the
dummy variable for combined mobile phone ownerssigenerally not statistically significant.
This is unsurprising given that this new variabtenbines two variables, one of which has a
statistically insignificant coefficient estimaten four out of five robust specifications (Huber’'s

M-estimation, median regression, Yohai's MM-estimat and S regression; not shown), the
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coefficient on the dummy variable for combined n®bphone ownership is statistically
significant at least at the 10 percent level.

16 Similarly, Udry’s (1996) finding about agricultunaroductivity differentials between men and
women within the same households in Burkina Fasesathe question of why households do
not reallocate plots from women to men.

" This is not to say that the intrahousehold alleceof technology broadly defined has not been
studied. See Petermash al. (2011) for an extensive review of the empiricaldemce on the

gender differences in agricultural inputs, techggland services in developing countries.
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Table 1. Variable Descriptions

Variable

Description

Price of Onions

Farmer Age
Farmer Female
Farmer Single
Farmer Education
Household Size

Household Dependency Ratio

Household Income

Household Landholdings
Household Cultivated Area

Amortising Owner
Mortgage Owner
Tenant

Owner

Farmer Field School

Cooperative
Irrigator Association

Other Farmer Association

Household Mobile Phone

Farmer Mobile Phone
Spouse Mobile Phone

Children Mobile Phone

District 1
District 2
District 3

Average price received by the farmer for his ordwions, in
Philippine pesos (PhP)
Farmer’s age, in completed years

=1 if the farmer is female; = 0 ntinee

=1 if the farmer is single; = 0 othise

Farmer’s education, in completsty

Number of individuals in the housgho
Number of individuals younger than 15 and oldentB4& in
the household divided by the number of individualthe
household
Household income, in 1,000s of PhP. This includesfnon-
onion farm-related income; income derived from divceck
and poultry; income from off-farm labour; incomerin self-
employment; income from remittances; and othercesiof
income

Total amount of land owngdhie household in hectares
Total amount of land under onion cultivation by the
household, in hectares
= 1 if the farmer is an amortising owner on somaisfor her
lands; = 0 otherwise
=1 if the farmer is a mortgage owner on some sfohniher
lands; = 0 otherwise
= 1 if the farmer is a fixed rent or share tenansome of his
or her lands; = 0 otherwise
= 1 if the farmer is the owner of all his or henda; = 0
otherwise, the omitted category
= 1 if the farmer is a member of a farmer fieldazh= 0
otherwise

=1 if the farmer is a member of apavative; = 0 otherwise
=1 if the farmer is a member of an irrigation asation; = 0
otherwise
= 1 if the farmer is a member of a farmers’ asgamia= 0
otherwise

=1 if the household ownwohile phone; = 0 otherwise

=1 if the farmer owns a neoplhone; = 0 otherwise
=1 if the farmer’s spouse owns a mobile phone; = 0
otherwise
=1 if any of the farmer’s children own a mobileople; = 0
otherwise
= 1 if the household lives in district 1; = 0 otivge
= 1 if the household lives in district 2; = 0 otivige
= 1 if the household lives in district 3; = 0 otivege
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Table 2. Descriptive Statistics (n=95)

Mean
Variable (Std. Err.)
Price of Onions (PhP) 9.393
(0.133)
Farmer Age (Years) 45.721
(1.513)
Farmer Female Dummy 0.015
(0.012)
Farmer Single Dummy 0.054
(0.023)
Farmer Education (Completed Years) 8.109
(0.319)
Household Size (Individuals) 4.075
(0.162)
Household Dependency Ratio 0.352
(0.032)
Household Income (1000s PhP) 51.460
(9.150)
Household Landholdings (Hectares) 0.430
(0.040)
Household Cultivated Area (Hectares) 0.420
(0.030)
Amortising Owner Dummy 0.031
(0.019)
Mortgage Owner Dummy 0.141
(0.038)
Fixed Rent or Share Tenant Dummy 0.300
(0.050)
Farmer Field School Dummy 0.111
(0.036)
Cooperative Dummy 0.070
(0.028)
Irrigator Association Dummy 0.235
(0.047)
Farmer Association Dummy 0.048
(0.025)
Household Cell Phone Dummy 0.470
(0.050)
Farmer Cell Phone Dummy 0.276
(0.043)
Spouse Cell Phone Dummy 0.134
(0.031)
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Children Cell Phone Dummy 0.112
(0.028)
District 1 Dummy 0.369
(0.053)
District 2 Dummy 0.280
(0.049)
District 3 Dummy 0.351
(0.054)
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Table 3. Mean Onion Price Comparisons by Mobile Phee Ownership (n=95)

Unit Mean Mean Significance
Log of Onion Price
Owns Cell Does Not Own Cell
Phone Phone
Household 2.240 2.220
(0.020) (0.020)
Farmer 2.270 2.210 *x
(0.030) (0.020)
Spouse 2.260 2.230
(0.030) (0.020)
Children 2.190 2.240 *
(0.030) (0.020)

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errons parentheses.

33



Table 4. OLS Estimation Results for the Determinarg of Onion Prices

Variable (1) (2) 3)
Dependent Variable: Log of Onion Price
Farmer Age -0.001 -0.001 0.000
(0.001) (0.001) (0.002)
Farmer Female -0.010 -0.008 -0.058
(0.058) (0.063) (0.072)
Farmer Single 0.075 0.075 0.054
(0.114) (0.120) (0.134)
Farmer Education 0.001 0.002 -0.001
(0.006) (0.007) (0.007)
Household Size -0.001 0.000 -0.005
(0.008) (0.008) (0.011)
Household Dependency Ratio 0.027 0.027 0.012
(0.047) (0.048) (0.051)
Household Income 0.000** 0.000** 0.000***
(0.000) (0.000) (0.000)
Household Landholdings 0.435%** 0.440*** 0.415**
(0.116) (0.122) (0.171)
Household Onion Area -0.492%** -0.496*** -0.428**
(0.118) (0.121) (0.181)
Amortising Owner 0.027 0.011
(0.049) (0.053)
Mortgage Owner 0.008 -0.001
(0.037) (0.037)
Tenant 0.001 -0.008
(0.041) (0.040)
Farmer Field School 0.026
(0.034)
Cooperative 0.069
(0.048)
Irrigator Association -0.048
(0.036)
Farmer Association 0.040
(0.064)
Household Mobile Phone 0.012 0.011 0.024

34



(0.028) (0.029) (0.030)

Constant 2.238*** 2.235%** 2.191%*
(0.115) (0.129) (0.139)
Observations 95 95 95
District Dummies Yes Yes Yes
R-squared 0.147 0.148 0.207

Note: *** p<0.01, ** p<0.05, * p<0.1. Huber-White robtistandard errors in parentheses.
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Table 5. OLS Estimation Results for the Determinarg of Onion Prices Controlling for the Allocation ofMobile Phones

Variable (1) (2) (3)
Dependent Variable: Log of Onion Price
Farmer Age 0.000 0.000 0.001
(0.001) (0.001) (0.002)
Farmer Female 0.009 0.012 -0.043
(0.065) (0.070) (0.081)
Farmer Single 0.066 0.062 0.043
(0.112) (0.120) (0.136)
Farmer Education -0.001 -0.001 -0.003
(0.007) (0.007) (0.007)
Household Size 0.003 0.003 -0.003
(0.008) (0.008) (0.011)
Household Dependency Ratio 0.008 0.007 -0.007
(0.050) (0.052) (0.057)
Household Income 0.000* 0.000* 0.000**
(0.000) (0.000) (0.000)
Household Landholdings 0.490*** 0.494*** 0.454**
(0.125) (0.131) (0.186)
Household Cultivated Area -0.551*** -0.556*** -0.96*
(0.126) (0.130) (0.197)
Amortising Owner 0.043 0.021
(0.055) (0.058)
Mortgage Owner -0.002 -0.012
(0.036) (0.035)
Tenant 0.016 0.006
(0.040) (0.040)
Farmer Field School 0.033
(0.037)
Cooperative 0.059
(0.052)
Irrigator Association -0.050
(0.037)
Farmer Association 0.023
(0.058)
Farmer Mobile Phone 0.052* 0.056* 0.057*
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(0.031) (0.031) (0.031)

Spouse Mobile Phone 0.037 0.036 0.058
(0.035) (0.036) (0.036)
Children Mobile Phone -0.045 -0.051 -0.041
(0.037) (0.040) (0.046)
Constant 2.225%* 2.207** 2.161%**
(0.116) (0.129) (0.137)
Observations 95 95 95
p-value (Farmer = Spouse = Children) 0.08 0.06 0.11
p-value (Farmer = Spouse) 0.74 0.68 0.98
p-value (Farmer = Children) 0.03 0.02 0.04
p-value (Spouse = Children) 0.12 0.11 0.11
District Dummies Yes Yes Yes
R-squared 0.187 0.193 0.252

Note: *** p<0.01, ** p<0.05, * p<0.1. Huber-White robtistandard errors in parentheses. The
p-values at the bottom of the table are for tedtdhe null hypothesis that the relevant
coefficients are not statistically different fromeoanother.
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Table 6. Robustness Checks on the Estimation Ressltor the Determinants of Onion Prices Controllingfor the Allocation of
Mobile Phones

1) 2) (3) (4) )
Huber's Median Yohai's
Variable M-Estimator Regression MM-Estimator S-Estimator MS-Estimator
Dependent Variable: Log of Onion Price
Farmer Age 0.001 0.002*** 0.004*** 0.002** 0.001
(0.002) (0.000) (0.001) (0.001) (0.001)
Farmer Female -0.037 -0.099*** -0.033 -0.246%*** 17
(0.074) (0.009) (0.046) (0.015) (0.429)
Farmer Single 0.023 0.063*+* 0.012 -0.214%*= 0.085
(0.118) (0.007) (0.060) (0.026) (0.339)
Farmer Education -0.003 0.000 -0.012%** -0.022*** 0.006*
(0.005) (0.001) (0.004) (0.002) (0.003)
Household Size -0.011 -0.015%*** -0.034** -0.028*** -0.036
(0.009) (0.001) (0.014) (0.003) (0.072)
Household Dependency Ratio -0.044 -0.079*** -0.156* -0.091 *** -0.076
(0.048) (0.007) (0.037) (0.024) (0.650)
Household Income 0.000*** 0.000*** 0.000*** 0.001* 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
Household Landholdings 0.439** 0.271*** 0.683*** .B43%** 0.149
(0.140) (0.019) (0.065) (0.034) (1.270)
Household Cultivated Area -0.451%** -0.282*** -0.85** -0.208*** -0.159
(0.149) (0.019) (0.056) (0.032) (1.056)
Amortising Owner 0.022 -0.006 0.054** 0.033 -0.098
(0.045) (0.009) (0.025) (0.023) (0.433)
Mortgage Owner -0.008 -0.024*** 0.001 -0.023 -0.070
(0.035) (0.005) (0.041) (0.015) (0.181)
Tenant -0.003 0.007* 0.018 -0.053*** -0.056
(0.030) (0.004) (0.021) (0.010) (0.283)
Farmer Field School 0.042 0.027** -0.070 0.024 B0
(0.037) (0.005) (0.068) (0.020) (0.080)
Cooperative 0.031 0.026*** -0.071%** 0.018 0.093
(0.047) (0.007) (0.023) (0.021) (0.375)
Irrigators' Association -0.057* -0.050%*** -0.029 R4 LY e -0.093
(0.032) (0.004) (0.021) (0.016) (0.061)
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Farmers' Association
Farmer Mobile Phone
Spouse Mobile Phone
Children Mobile Phone

Constant

Observations

p-value (Farmer = Spouse = Children)

p-value (Farmer = Spouse)
p-value (Farmer = Children)
p-value (Spouse = Children)
District Dummies

0.045
(0.055)
0.047*
(0.026)

0.077%*
(0.029)
-0.039
(0.039)
2.162%+
(0.114)

95
0.05
0.41
0.04
0.02
Yes

-0.018**
(0.005)
0.058%+
(0.004)
0.074%+
(0.005)
-0.059*+
(0.005)
2.210%*
(0.011)

95
0.00
0.00
0.00
0.00
Yes

0.044 -0.04%7**
(0.044) (0.013)
0.014 0.022*
(0.013) (0.012)
0.082*** 0.121%**
(0.014) (0.014)
-0.072 -0.064***
(0.047) (0.012)
2.236*** 2.312%**
(0.048) (0.034)
95 95
0.00 0.00
0.00 0.00
0.90 0.00
0.10 0.00
Yes Yes

-0.032
(0.401)
-0.017
(0.123)
0.075*
(0.039)
-0.001
(0.120)
2.393%
(0.569)

95
0.00
0.00
90.8
505
Yes

Note: *** p<0.01, ** p<0.05, * p<0.1. Robust standardr@rs in parentheses. The first column presentmeatibn results for
Huber’s (1973) robust M-estimator. The second colyaresents estimation results for a median (iiantjle) regression. The
third column presents estimation results for Yahdil987) high breakdown MM-estimator. The fourthd difth columns
respectively present estimation results for Roussesnd Yohai's (1987) S-estimator and MS-estimator.
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