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CHAPTER 3 

The Impact of Microcredit: New Results from a Microfinance 

Institution in Bolivia 

 

Abstract 

We present new results on the impact of microcredit from a Bolivian microfinance institution. With 

a study population consisting of nearly 2,000 households, we apply a double difference model in 

space to estimate the impact of credit. By comparing currently borrowers with potential future 

borrowers, we control for self-selection bias and programme placement bias. While limited impacts 

are found on the sample as a whole, substantial differences are found when investigating the two 

regions in the sample separately. In one region, we observe that the new loans does not increase the 

total outstanding loans of the households, and thus little impact are to be expected. In the second 

region, the loan to some extend finance a shift in agricultural activities towards business activities, 

as we observe a negative impact on agriculture results, but a positive impact on business revenues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: This chapter is part of a project in collaboration with; Robert Lensink, Francesco Cecchi, 

and Paul Mosley.  
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3.1. Introduction 

Ever since the introduction of microcredit in the 1970s it has played a central role when it comes to 

combatting poverty in developing countries. It has been seen as promise to break the curse of poverty, 

and has rose in popularity, culminating in 2006 with the award of the Nobel Peace Prize in 2006 for 

its founder. It is common fact that a substantial part of the poor people in the world has no, or only 

limited, access to a formal credit source. Instead of formal credit, they depend on informal sources 

such as moneylenders or relatives (Collins et al., 2010). Such constrains may keep poor people 

trapped in poverty, and this is where MFIs enter the scene, providing loans to a target group which 

until then was seen as unsustainable business.  

 

Despite its popularity, it has been much debated how effective it actually is as a tool against poverty, 

as microfinance institutions (MFIs) all over the world are struggling with over-indebtedness of clients 

and repayment problems. In addition to that, more recent studies on microcredit have started to find 

less positive impacts or even negative impacts of microcredit (Banerjee et al., 2015). The initial 

studies investigating the impact of microcredit have been criticised for not dealing with selection bias 

in a proper manner, and hence have biased results, reflecting a much more positive impact of 

microcredit than it might actually be in reality. To overcome selection bias, randomized controlled 

trials (RCTs) has been applied by many studies as it comes with minimal assumptions.9 However, 

most studies cannot support a RCT, as they are either too expensive, or it is simply not possible to 

randomize, and therefore other non-experimental designs have to be implemented. RCTs, while 

delivering unbiased estimates of the treatment effect, may lead to a lack of precision (Cartwright and 

Deaton, 2016). Sometimes researchers would prefer to trade in some unbiasedness for better 

precision. A key research question is therefore if such non-experimental designs can adequately (and 

precisely) assess the impact of microcredit.   

 

We address this question by assessing the impact of a microcredit loan from a Bolivian Microfinance 

institution in the process of becoming a non-bank financial institution. We describe the changes in 

wellbeing that could be connected to these loans in a rigorous way. We apply a diff-in-diff model in 

space, comparing microfinance borrowers from the area where the microfinance institution (MFI) is 

currently active, with (potential) future borrowers, which enable us to control for self-selection and 

program placement bias. The borrowers are selected using an expansion plan provided by the MFI. 

                                                   
9 An issue of the American Economic Journal: Applied Economics specially focused on such RCTs (Angelucci, Karlan, and Zinman 

2014; Attanasio et al. 2014; Augsburg et al. 2014; Banerjee et al. 2014; Crépon et al. 2014; Tarozzi, Desai, and Johnson 2014). 
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These new branches would open near existing branches. Using this set up, we evaluate the impact of 

microcredit using a broad range of outcome variables. The contribution of this chapter is twofold. 

First, we come with new evidence of the impact of microfinance loans in Bolivia. Second, we apply 

and extend the methodology of Coleman (1999). Unlike Coleman, we had the additional challenge 

of having to forecast future borrowers, as the expansion plans were not certain. This complicates the 

estimation procedure, as generated regressors will be part of the main estimation equation. 

Furthermore, we forecast the composition of borrowers in the area where the MFI under study is 

already present, to indirectly control for endogeneity. Additionally, we apply state of the art 

techniques for the survey design and data collection. Collecting the data using electronic surveys 

enable us to append new data to existing data daily. Likewise, we can alter the survey almost 

immediately, if an error should be discovered. We designed the survey such that a substantial amount 

of individual information could be gathered.  

 

Next to our double difference methodology, we present a PSM approach as an alternative to estimate 

the impact of microfinance loans. We argue that due to the assumption underlying PSM it is not 

adequate to estimate the impact of microfinance loans in this set up. 

 

While the results for the overall sample reveals very limited impacts, our results points towards 

substantial differences across the two regions considered in our study. Households in the Yungas 

regions experiences a positive increase in other income, while households in the Chuquisaca region 

have a significant positive impact on business revenues. Despite observing negative impacts on 

agriculture and other income for households in the Chuquisaca region, the magnitude of the increase 

in business revenues makes up for the loss in the other sectors, indicating an overall positive effect. 

However, the results on the individual income components (business, agriculture and other), have not 

translated into a significant effect on the total income.  

 

The remaining of this chapter is organised as follows. The next section gives an overview of the 

Bolivian microfinance market, and the position of the MFI under study. Section 3.3 explain the survey 

design and the data collection. Here we also present a loan overview, and discuss the clients’ opinion 

about the MFI. We explain the details of our estimation strategy in section 3.4 and its subsections. 

Our analysis is presented in section 3.5, and section 3.6 discusses the results and concludes.  
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3.2. The Bolivian Microfinance Market and our MFI 

The roots of microfinance in Bolivia can be traced back to the mid-1980s when the country 

experienced a major economic and financial crisis characterized by hyperinflation and negative 

growth rates, especially during 1982-1986. One of the consequences of the hyperinflationary 

environment were that the population lost confidence in the formal banking system and that many 

people lost their jobs, providing ample room for microfinance institutions (MFIs) to offer their 

services. Moreover, the recession, aggravated by the structural adjustment programs of the IMF and 

World Bank from the late 1980s onward led to a strong reduction of formal employment in the mining 

industry and government, pushing people into self-employed, mostly informal, economic activities. 

This created a potentially large market for microfinance services. The government, as well as external 

donors, actively supported the development of a microfinance sector to enabling them to finance these 

micro-entrepreneurs (Marconi and Mosley, 2006).  

 

The initial MFIs were non-profit organizations (NGOs). Yet, in 1992 the first micro-bank, BancoSol 

entered the market.10 From the early 1990s the Bolivian microfinance sector experienced massive 

growth, which among other things was also stimulated by changing government regulations in 1995 

(Sucre Reyes, 2014). Between 1992 and 1997 there was a fifteen-fold increase in the number of 

microfinance clients. The evolving microfinance landscape comprised institutions with a diverse 

structure and service provision methodologies (Mosley, 2001). Moreover, microfinance turned out to 

be a profitable activity (Aguirre et al., 2013). BancoSol and Caja Los Andes were two of the major 

institutions driving the growth of the sector. The success of microfinance led to a rapid increase in 

the number of institutions entering the market, increasing competitive pressure and 

commercialization (Navajas et al., 2003). The increased supply of microcredit and the strong 

competition in the market led to over-indebtedness of many clients, which in the context of the ‘East 

Asian crisis’, which spread to Latin America at the millennium, and growing levels of social 

inequality ultimately led to a severe economic and political crisis, which also engulfed the 

microfinance industry during the period 1999-2003 (Marconi and Mosley 2006; Mosley 2012, Ch. 

12; Sucre Reyes, 2014). Yet, the industry recovered remarkably fast. During the 2000s MFIs further 

enhanced their activities and developed new activities such as new types of loans and savings 

                                                   
10 In that year, PRODEM, an NGO, was transformed into BancoSol. From the start, BancoSol was heavily sponsored by USAID, as a 

consequence of which there was no provision of complementary services (‘credit plus’) and a heavy emphasis on the rapid 

achievement of financial self-sufficiency. 
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accounts, money transfer services, etc. and they improved financial risk management and auditing 

systems. Moreover, they professionalized their staff. These developments all contributed to the strong 

development of the microfinance sector. Whereas in 1996, 136 MFI agencies were present in the 

country, this number had increased to 935 in 2013. The number of client borrowers rose from more 

than 435,000 to more than 776,000 between 2004 and 2013, which means that currently almost 65 

per cent of all borrowers of Bolivia’s financial system as a whole, and 8 per cent of the total 

population, have access to a loan from an MFI. The annual average growth rate of loans (deposits) 

during the same period was 24.0 (27.6) per cent; formal commercial banks saw their loan portfolio 

(deposits) grow by only 10.9 (13.5) per cent during the same period. 

 

Like many other MFIs, the main activity of the MFI we analyse  refers to providing financial services, 

but distinctively mainly in the form of agricultural loans for working capital and investment purposes, 

a sector from which most microfinance providers have tended to shy away because of the variability 

and unpredictability of the income flows which it generates. With total assets of almost 339.8 million 

bolivianos as of October 2015, the MFI can be seen as small to medium sized competitor, although 

experiencing rapid growth. The MFI is active in several provinces in Bolivia and provides their loans 

through a network of 25 branches which more than 20,000 clients of which roughly 50% are female. 

Table 1 below provides additional information about the MFI under study and other MFIs on the 

Bolivian microfinance market that are included in the FinRural dataset.  

 

Table 1: Overview of Bolivian (nongovernmental) MFIs 
 MFI1 MFI2 MFI3 MFI4 MFI5 MFI6 MFI7 MFI8 MFI9 MFI 

under 

study 

Total actives  

(in 1000s 

Bolivianos) 

42,190 33,978 29,800 1,573 7,078 22,614 24,735 681 24,353 19,498 

Total clients 15,756 159,809 67,693 9,765 5,127 39,441 13,311 2,535 111,394 20,334 

% female 

clients 

39.10 79.91 54.06 70.38 57.64 72.22 35.97 48.48 90.61 51.31 

% individual 

loans 

0.99 39.10 27.52 71.71 2.19 50.75 88.39 100.00 10.13 30.00 

Note: Bolivian MFIs are divided into three groups according to their organizational model: banks; non-bank financial 

institutions licensed to accept savings deposits; and nongovernmental microfinance organisations (NGOs). This table 

only lists organisations in the last of these groups. Source: FINRURAL dataset. 
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From the table, it can be seen that 30% of the total loans provided by the MFI are individual loans, 

meaning that 70% of all loans from the MFI are group loans. The percentage of individual loans 

among the MFIs differs a lot; the MFI seems to have a moderate amount of individual loans.11 

   

The MFI under study also employs some activities that differentiate them from other MFIs. An 

important component of the interventions consists of providing TA to (a sub-group) of its clients. 

Moreover, the MFI aims to improve market access of its clients, e.g. by providing low interest loans 

to clients who have a contract with a buyer of their product (e.g. dairy plants). 

 

As Bolivia is a big country with big differences between the areas, it is important to understand the 

areas in which the MFI is operating before continuing. Figure 1 below displays a poverty map 

including the current locations were the MFI, is operating, relevant for this chapter.  

 

  
Figure 1: locations of the MFI in Bolivia 
Source: World Bank, Pobreza y desigualdad en municipios de Bolivia, World Bank/UDAPE/INE, 

2001. 

 

                                                   
11 Whether the loan provided by the MFI under study was a group loan or individual loan is not considered in the analysis conducted 

in this chapter. 
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The two towns we consider for this study are Coroico and San Lucas in the Yungas region and 

Chuquisaca region respectively. Coroico is situated to the north east of La Paz, and lies down in the 

tropical valleys. Due to the tropical climate of the Yungas region, coca can be grown. Coca is an easy 

crop to cultivate and has a high market price, making it an attractive crop. Farmers therefore wish to 

borrow more capital to invest into coca plantations. Not surprisingly, coca plantation is therefore the 

main activity of the majority of the households in Coroico and the surrounding areas. San Lucas is 

located south of Sucre in the Chuquisaca region and is very poor. The town is poorly connected to 

other towns, and being situated high above sea level, the climate is dry and vegetation is poor. San 

Lucas and its surrounding areas therefore offers less favourable conditions for farmers. Investment 

towards farming is therefore much less in this area compared to Coroico. Most households choose to 

invest in livestock rather than crops as a result of the drier climate.    

 

3.3. Survey design and data 

3.3.1. Construction of the baseline questionnaire 

The baseline survey used to collect the data was constructed by Robert Lensink, Francesco Cecchi 

and Steffen Eriksen at the University of Groningen. The process of constructing the survey began on 

May 1st 2015. We started by gathering all recent microfinance surveys available, including the 

questionnaires used in the main randomised controlled trials conducted during the last five years 

(Banerjee et al. 2015, Attanasio et al. 2015, Angelucci et al. 2015). Based on these existing 

questionnaires, the first list of potential survey blocks was written down. The different survey blocks 

aimed to gather information on financial status, asset holdings, business and agricultural activities, as 

well as information on various socio-demographic factors. The basic structure for each of these 

sections were carefully constructed based on the selection of state of the art surveys. Each of the 

sections was then reviewed and customized to fit the purpose of the study. In particular, special 

attention was paid to the financial sections, including a separate section focusing on the MFI under 

study. The first prototype of the paper survey consisted of a total of 15 different blocks. The length 

of each of these blocks, and thus the overall length of the survey, was carefully measured, such that 

the time it takes to complete the survey would not go above one hour and thirty minutes.     

 

After finishing the first prototype of the paper version of the survey, the survey was converted into 

an electronic version compatible with Open Data Kit (ODK). We opted for using ODK and electronic 

surveys in general, as a vast amount of potential data problems can be avoided and thus improve the 

overall quality of the data. Firstly, obscure entries will be reduced to a minimum, such as unrealistic 
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ages, negative asset values and extreme prices. Secondly, depending on the answers of the respondent, 

certain sections can automatically be skipped, thus avoiding unnecessary information to be collected 

and thereby speed up the data collection process. Lastly, as the data collection proceeds, merging the 

data together can be done swiftly, thus enabling the data management team to evaluate the data on a 

daily basis. Should errors be discovered, corrections to the survey can then be completed 

immediately, such that, starting from the next day of data collection, the error should no longer occur. 

Should collecting the surveys electronically become inaccessible, a paper version of the survey was 

available as a backup. A copy of the paper survey is available upon request. 

 

After a few test interviews using the prototype survey, and further corrections were made, the survey 

was translated into Spanish. This enabled us to use run a pilot in Bolivia, in surroundings similar to 

the areas where the actual data collection would take place. Upon completion of the pilot, the survey 

was further adjusted, correcting the errors found during the pilot. At this stage, the baseline survey 

was ready for the actual data collection.  

 

3.3.2. Data collection 

We asked the MFI to identify areas which could be targeted for a future expansion. Both for the near 

future (2016-2017) and for a more distant future (2018-2019). We received a list of branches opening 

between 2016-2017 and 2018-2019. We defined an expansion vector as an agency (existing branch) 

that had a potential nearby opening in 2016-2017 (new branches) and one opening in 2018-2019 

(future branches). This follows the MFIs view, since they would only open a branch in an area close 

to an existing one. This is done to ensure a client base as clients located in the periphery of the existing 

branch, would move to the new branch. We selected the two expansion vectors that where more 

coherent in terms of main agricultural products produced by borrowers, and by distance. The two 

expansion vectors selected were the existing branches of Coroico (1) and San Lucas (2) located in 

the regions of Yungas and Chuquisaca, respectively. According to the MFI, the new branches that 

would open close to these existing branches are Chulumani (1) and Villa Charcas (2). Future 

branches, associated with these existing and new branches would include Irupana (1) and Camargo 

(2). In this way, it appears possible to construct appropriate control groups of households. Originally, 

the plan was to include a total of three expansion vectors. However, it was decided to only select two 

expansion vectors for logistic and cost reasons. Using fewer expansion vectors might reduce external 

validity. One the other hand, using fewer expansion vectors, we could increase the sample size in the 

remaining expansion vectors, thus increasing sample power. 
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Initially, we decided to visit 25 communities in the areas of each of the existing branches, 20 in each 

of the areas where a new branch would open, and 5 in each of the areas where a future branch would 

open. In each community, we carried out stratified randomization. For communities associated with 

a new and future branch, respondents were randomly chosen from a list of all inhabitants of the 

community, up to a total of 20 respondents per community. In the communities associated with an 

existing branch, 15 of the respondents were planned to be randomly selected from a client list. The 

remaining 5 would be randomly selected from a list of people living in the community. The 25-20-5 

community split was skewed towards the existing branch to give a higher weight to the existing area. 

 

Communities were randomly selected among a list of communities that are more than 15 minutes and 

less than 105 minutes away from the centre of the larger town, as estimated by local key informants. 

These parameters are chosen to include the largest portion of clients who live in rural areas (clients 

rarely live more than 105 minutes away by car). 

 

At the first site of data collection (Coroico expansion vector), we initially met resistance by local 

trade unionists with respect to carrying out interviews in the municipality of Chulumani. We therefore 

decided to start with Irupana, and leave Chulumani for later. Eventually an agreement was found with 

Chulumani leaders, and we were allowed to carry our interviews there. Meanwhile, we had already 

carried out interviews in 8 communities in Irupana. We therefore decided to change our initial 

community split to a 25-17-8, also in the San Lucas expansion vector. The new strategy actually has 

a slightly better distribution of weights. We believe this did not affect the quality of our analysis. 

 

Prior to the data collection, the enumerators received detailed instructions and thorough training in 

collecting data using ODK, to help reducing the collection time, ensuring that a survey would take 

no longer than ninety minutes to complete. Once the enumerators were trained, and following a pilot 

in Mecapaca in July 2015, the data collection was rolled out the following month in Coroico. On each 

day, two communities were selected for surveying, from which approximately 20 randomly selected 

households were asked to participate in the survey. Upon completion of the interview, each 

respondent was given 20 bolivianos as compensation for their time. As shown in table 2, in total 1,994 

household surveys were collected. 
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Table 2: Overview of sample 

Area Number of communities Number of households 

Coroico 25 493 

Chulumani 17 344 

Irupana 8 153 

San Lucas 25 499 

Villa Charcas 17 342 

Camargo 8 163 

Total 100 1,994 

 

The number of observations per area was almost entirely equal to the pre-specified plan. In three of 

the areas, too few observations were collected (Coroico, Irupana and San Lucas), whereas in the three 

other areas, too many observations were collected (Chulumani, Villa Charcas and Camargo. With a 

pre- specified plan of surveying 2,000 households, being off by six households is quite successful.12   

 

Upon completion of the data collection, and all the data from the two regions was merged, the data 

could be prepared for the analysis. The data management team carefully worked through each 

variable to check for potential errors. As with all self-reported data, we rely on the ability of the 

respondents to correctly recall information, being about themselves, other household members, their 

business and agricultural activities. The electronic survey method, the training of the enumerators, 

and the repeated checking of the data management team are all important components to ensure the 

best possible data quality. However, despite the careful approach, some information was still deemed 

too noisy, and additional measures was applied. One of such measures regarded the sales price of the 

farmers’ agricultural products. During the survey, farmers were asked to report at what price they 

sold last time. The information reported by the farmers was replaced with the average price, as 

reported by OAP.13  

 

During the data collection, we encountered some problems, complicating the data collection process. 

One of the first problems we ran into were the client lists. The idea was that an up-to-date list of 

clients would be provided, based on which communities with a sufficient number of clients would be 

selected. However, these lists appeared not to be up-to-date. People who were on the list, claimed 

they never had a loan from the MFI, and people who were not on the list, claimed they had a loan by 

                                                   
12 Despite the official language being Spanish, language barriers were encountered, as some respondents only spoke Quechua, or only 

a limited amount of Spanish. To overcome this, we used local volunteer translators. Only occasionally we could not find any available 

Spanish speaker, resulting in a few respondents being excluded from the sample.  
13OAP is a national database that provides the average price of any crop for each region of Bolivia. The database of Observatorio 

Agroambiental y Productivo can be found here: http://www.observatorioagro.gob.bo:8080/birt/report/index.jsp# 
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the MFI. Therefore, reaching the threshold of 15 clients in the communities associated with an 

existing branch was often not reached. Similarly, the list of the inhabitants of the community was not 

always accurate. The list of households in the community was provided by the local community 

leaders. However, these lists only included households who contributed to community works.14 We 

therefore added the remaining household missing from this list in corporation with the community 

leaders. We then cross checked the list with other local key informants to ensure that the list was up-

to-date. 

 

That Chulumani proved to be difficult to survey was very likely due to the large coca production in 

the area. Coca production is an important source of income, but is only legal to a certain extent, and 

not all coca business by any means is legal business. People are therefore very reluctant to give 

information about their economic situation, their production, and the income they generated by coca.  

Hence, it should be kept in mind that the data concerning coca production might be subject to possible 

measurement error due to over/under reporting income from coca. 

 

Bolivia is a country known for its substantial microfinance industry, and it would therefore be of 

interest to see if households also have additional loans. Considering table 3, we observe a total of 312 

households who have a loan from the MFI under study.15 In the first expansion vector (the Yungas 

region), the share of households having a loan is considerable higher than in the Chuquisaca region. 

Specifically, in Coroico and Chulumani, the share is more than 70 and 60 percent, respectively. These 

differences in number of loans, are likely to arise from the differences in climate between the two 

regions. The Yungas region has a more tropical climate, and is therefore an area where coca can be 

grown. Coca is an easy crop to cultivate and has a high market price, making it an attractive crop. 

Farmers therefore wish to borrow more capital with the aim of investing into coca. The Chuquisaca 

region, on the other hand, is drier and offers less favourable conditions for farmers. Also, the number 

of households with only a loan from the MFI under study differs considerably between the two 

regions. In Coroico, 76 of the 493 surveyed households have only a loan from the MFI under study. 

In San Lucas, 115 of the 499 households only have loans from the MFI under study. Furthermore, 

there are generally more households in the Yungas region that has one or more loans from MFIs or 

other official sources, as can be seen from table 3. 

                                                   
14 Having only households on the community list, who contributed to community works is the traditional definition used in Bolivia. 

We use a broader definition of community, including, among others, elderly people and people who temporarily migrated to the area.  
15 Some households have more than 1 loan from the MFI. There are 335 loans spread over 312 households. However, we do not 

differentiate between households with 1 or more loans.  
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In addition to the number of loans for each of the areas, panel b reports the average loan size of the 

loan provided from the MFI under study. The average loan size as given by panel b, states that overall 

average loan size is 1895 bolivianos or about 274 USD. However, we observe that the average loan 

size for the loans provided in Coroico is more than twice the average loan size of the loans provided 

in San Lucas, namely 2796 (404 USD) compared to 1006 (145 USD). This follows well with the 

climate argument explained above. Furthermore, the population in the Yungas region is generally 

richer than their Chuquisaca counterpart. Hence, the higher average loan size in the Yungas region is 

not surprising.   

 

Table 3: Loan overview 

 Yungas region Chuquisaca region  

 Coroico Chulumani Irupana San Lucas Villa Charcas Carmago Total 

Panel A: Loans        

No loans 144 138 83 322 272 97 1,056 

Only loans from the MFI 76 0 0 115 0 0 191 

Also other loans 117 0 0 4 0 0 121 

Only other loan 156 206 70 58 70 66 626 

Total 493 344 153 499 342 163 1,994 

Panel B: MFI under study loans         

Average loan size (bolivianos) 2,796 - - 1,006 - - 1,895 

 

Table 4 presents the clients rating along with the percentage of people in each area who know the 

MFI prior to the survey. While the percentage of people knowing the MFI is relatively high in the 

area of the existing branches (Coroico and San Lucas), the percentages are zero or close to zero in 

the remaining areas.   

 

Overall, borrowers appear satisfied with the products, when consulting the client ratings. The clients 

in both regions are overall quite satisfied with the speed of loan disbursement, the credit officers and 

the desk service. However, they are not satisfied with the interest rate offered. Scoring only 0.06 in 

Coroico and 0.28 in San Lucas. This signals that the interest rate asked by the MFI under study might 

be higher compared to other loan alternatives, and the MFI under study therefore might not be the 

first choice. This may also be the result of the fact that MFIs, which are transformed to a non-bank 

financial institution, are faced with an interest rate cap set by the government. This certainly poses 

problems for the MFI under study. An important thing to note, is that the client ratings in San Lucas 
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are consistently higher those for Coroico. This might help explain why the share of households with 

only a microfinance loan is much higher in San Lucas.  

Another thing to keep in mind is the general tendency that clients tend to be less satisficed when there are 

more MFIs present. The MFIs to choose between and hence more products to choose between, can make 

clients more picky in the sense that if they see a lower interest rate elsewhere, they would wonder why 

they cannot get the same interest here.  

Table 4: Client ratings  
 Yungas region Chuquisaca region 

 Coroico Chulumani Irupana San Lucas Villa Charcas Camargo 

Knew MFI before 86.61% 7.27% 3.27% 52.51% 0.00% 0.00% 

How satisfied are you with:       

The speed of loan disbursement 0.70 - - 0.73 - - 

 The interest rate  0.06 - - 0.28 - - 

The credit officers 0.77 - - 0.93 - - 

The desk services offered  0.72 - - 0.83 - - 

Notes: Rates are:0 (Not satisfied), 1 (satisfied). 

 

3.4 Estimation Approach  

The objective of this chapter is to describe the changes in wellbeing that could be attributed to 

receiving a loan from the MFI. The challenge in any impact evaluation is to isolate the causal effect 

of the intervention from other determinants of wellbeing (Armendariz (2010)). When comparing the 

situation of households before or after an intervention, the observed changes in outcome variables 

cannot solely be attributed to the loan obtained from the MFI, as there are many other changes in the 

environment of the respondents during the time of the intervention. Comparing households who 

received a loan with a control group consisting of households who did not receive a loan does not 

necessarily provide the solution. The main problem is that members self-select. A potential client 

must decide if he or she wants to obtain a loan. It is therefore likely that there are significant 

differences between clients, and non-clients. The treatment group, that is, households who received 

a loan, could for instance have been wealthier than the households in the control group at the time of 

the study or vice versa. To the extent such factors can be observed, they can be controlled for when 

estimating the impact of having a loan. However, if such differences cannot be observed (e.g. 

trustworthiness, entrepreneurship), a straight comparison between clients and non-clients will give 

biased estimates of the impact of micro loans. The reason that these unobservables bias the results is 
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because that these same unobservables that lead the households to become clients, will also affect our 

impact measures.   

 

Next to self-selection bias, program placement bias is also frequently observed in evaluation studies. 

An upward bias arises when MFIs choose regions that are already doing well. Similarly, a downward 

bias will arise when MFIs choose a disadvantaged area. That is, MFIs target their branch openings 

purposely at specific, often disadvantaged, areas. If the control group’s physical, economic and social 

environment does not match that of the treatment group, this will result in differences not caused by 

the intervention and thus bias any estimates of impact. 

 

The preferred approach to overcome these issues is to conduct a RCT. Before the program starts, two 

groups will be created at random. One group will receive the treatment (treatment group) while the 

other group will act as a benchmark (control group). Because of the randomization, the members in 

the control group represent the members in the treatment group. After the treatment has taken place, 

both groups can be compared on the outcomes of interest. Differences in outcomes can now solely 

be attributed to the treatment. However, creating two groups at random, a necessary step for RTCs, 

is not always possible because of the program implementation or ethical reasons. 

 

In practice, most microcredit programmes cannot support random assignments, and therefore limit 

the scope of RCTs. As randomization was not possible, we will have to look elsewhere for an 

approach to measure program impact. Instead of looking at the impact of the microcredit loans, we 

could look at the intention to treat (ITT). By using the availability of the microcredit loan as our ITT 

variable, we can address the selection on observables issue. If we are willing to assume that within 

each of the two regions in our analysis (Yungas and Chuquisaca), that the current area and expansion 

areas are similar, that is, no program placement bias, then the ITT estimator would make sense. 

However, in our setting, this assumption is difficult to make, and we are facing the additional problem 

that the expansion areas are not randomly chosen, by rather following a pre-specified plan from the 

MFI. An ITT approach is therefore not appropriate. An alternative approach would be propensity 

score matching.16 To estimate the ATT, the PSM estimator relies on the assumption of 

unconfoundedness (Rosenbaum and Rubin (1983b). This assumption assumes that we have a set of 

(observable) characteristics, such that the outcome variable(s) is independent of the treatment 

                                                   
16 The PSM approach is discussed in greater detail in the appendix to this chapter. Here we only review it very briefly. 
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indicator, controlling for these observable characteristics. This set of covariates can be summarized 

into a propensity score, i.e. the probability of a household to have a loan, which we can use to match 

households who are currently active borrowers with households in the expansion area. That is, for a 

PSM analysis, only the sample of current borrowers, and households from the expansion areas will 

be considered. Despite the PSM strategy being appealing in terms of reducing possible selection bias, 

it still has its drawbacks. The main drawback lies in the main assumption underlying the PSM 

approach, namely the unconfoundedness assumption. As briefly explained earlier, the assumption 

states that once we control for all our observable characteristics, no unobserved characteristics 

influences both the treatment and possible outcome. However, there is reason to believe that the 

assumption of unconfoundedness is not satisfied, or to the very least, that there are identification 

strategies, which assumptions are more plausible. Under the unconfoundedness assumption, we are 

basically believing that once we control for our observables, that there are no (relevant) unobserved 

differences between the households who are active borrowers, and the households in the expansion 

areas. Yet, it is very likely that the areas are different from each other in some aspects, whether it is 

physical, economic or social environment. In other words, program placement bias is likely to still be 

present. We therefore suspect that the PSM results are subject to bias.17       

 

To improve on this, the methodology we propose follows and extends Coleman (1999). It basically 

comes down to estimating a diff-in-diff model in space rather than in time, which is the common diff-

in-diff set up. The approach of Coleman builds on the application of a unique survey design, rather 

than applying an existing and exogenously imposed membership criterion to identify the impact of a 

microcredit program.18 This unique survey design made him able to estimate a specification which 

can be measured using straightforward econometric techniques to measure impact. He made use of a 

characteristic most MFIs/village bank programs possess. That is, they start small and then gradually 

expand their operation into other areas. You can therefore often pre-identify new areas which soon 

would have access to the intervention, and allow households in these areas to self-select into the (as 

not yet present) intervention, thereby knowing what households would become new members. At the 

                                                   
17 Despite the drawback of the PSM approach, we present in the appendix to this chapter, a more detailed explanation of the PSM 

approach, along with the result of our analysis applying PSM. 
18 In the paper of Pitt and Khandker (1998), such an exogenously imposed membership criterion was imposed, in the form of 

availability of a credit program. They sampled members and non-members from villages with a program, and randomly selected 

households from villages without a program. To overcome the potential program placement bias they used village fixed effects 

estimation to control for unobserved differences between villages. However, these village dummies that identify fixed effects would 

be collinear with program availability, and they therefore also sample households in program villages which are exogenously 

excluded from the programs. Households in the programs used in their study, are excluded if they had more than a fixed amount of 

assets. This issue is discussed in greater depth in Morduch (1998). 
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same time, a random sample of areas where the program already exists can be selected. The ‘control’ 

households are then likely to share, on average, the same unobservable characteristics as the 

‘treatment’ group who had already benefitted from access to loans.  

 

To reduce potential self-selection and program placement biases, we measure the impact of micro 

loans, by comparing existing borrowers with (possible) future borrowers. Unlike Coleman, we do not 

know with certainty who will borrow in the future. We face the challenge of having to forecast future 

borrowers, since it is currently unknown who will become a future borrower. We therefore asked to 

identify areas which would be targeted in the future. With this information, we could select two 

expansion vectors, based on the existing branches of Coroico (1) and San Lucas (2). The new 

branches would open close to these existing branches in Chulumani (1), Irupana (1), Villa Charcas 

(2) and Camargo (2). Had we only used information from a currently active area; That is, only 

compared current clients with current non-clients, our results would have suffered from self-selection 

bias, as we are unable to control for the characteristics that caused the groups of households to take 

up a micro loan. Suppose now that we have just compared current MFI clients with current non-MFI 

clients from the expansion area. Doing so, would have caused programme placement bias since the 

physical, economic and social environment of the control group would not have matched that of the 

treatment group.19 Hence, by sampling from an area were the MFI is active, including both clients 

and non-clients, and from an expansion area, where we can forecast (potential) future microfinance 

borrowers, we can control for self-selection and programme placement bias.  

 

To forecast the would be borrowers, we use an out-of-sample estimates based on a logit model that 

explains who is, and who is not, currently borrowing from the MFI. That is, first we estimate a logit 

model using as sample, the areas where the MFI is currently active. In these areas, the composition 

of clients and non-clients is known, and we thus estimate their characteristics to be able to predict the 

composition of clients and non-clients in the expansion area. Thus, using the predicted values from 

the logit model, we forecast the composition of clients and non-clients in the expansion regions 

(Chulumani and Irupana for Coroico, and Villa Charcas and Camargo for San Lucas).  

 

After forecasting the would be borrowers, we would end up with a total of four different groups: A, 

B, C and D. Group A would consist of predicted would be clients from the area where the MFI is 

                                                   
19 Again similar to the problem that Pitt and Khandker (1998) faced. 
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currently active. Group B would contain the predicted non-clients from the area where the MFI is 

currently active. Predicted would be clients from the expansion regions would make up group C. 

Finally, group D would have the predicted would not be clients from the expansion regions. The 

treatment group thus consist of all the predicted would be clients from both areas, while the control 

group consists of all the predicted would not be clients from both areas. The treatment and control 

households are likely to share, on average, the same unobservable characteristics following this 

approach. Figure 2 visualizes the construction of these four different groups. This procedure is done 

for the overall sample, as well as for each of the two regions separately.  

 

After forecasting the potential future borrowers, we can then estimate the following double difference 

equation: 

      𝑌𝑖𝑗 =  𝛼 + 𝛽 ∗ 𝑋𝑖𝑗 + 𝛿 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 + 𝛾 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 +  𝜃 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 + 휀𝑖𝑗     (1) 

 

where Y refers to a vector of outcome variables of household i in location j. Different outcome 

variables are distinguished, such as income, expenditures, sales, profits etc. X refers to a vector of 

controls, covering household characteristics, household head characteristics, and village effects; Take 

up is a client dummy variable, which is one if household ij self-selects into a loan (in an existing 

branch) and a predicted would be household in locations around the new and future branches, and 0 

otherwise; Access is a dummy variable equal to 1 if a self-selected household already has access to 

loans, and 0 otherwise. The Take up dummy can be thought of as a proxy for the unobserved 

characteristics that would lead to self-selection into loans. Access is a dummy variable that measures 

the availability of loans for the group of self-selected borrowers. Access is exogenous to the 

household. 휀 is the error term. In this specification, θ measures the average impact of loans on 𝑌𝑖𝑗. 

With this specification, the correlation between 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗and 휀𝑖𝑗 due to self-selection at the household 

level is removed because the unobserved household characteristics are captured by 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗.20 

 

 

 

 

 

                                                   
20 This approach implicitly assumes that there are no spillover effects to non-clients in the areas where there is access to loans. 

Should such effects exist, they are captured by the village effects included in (2) rather than the program effects.  
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1) Original sample: 

Current MFI area     

 Expansion area 

  

 

A. Current MFI clients        

C. Households with no  

Access to microloans                                                                            

 

B. Current non-MFI clients 

 

 

 

 

     Estimation sample for logit (A+B) 

 

2) Use logit estimates to predict take up in both the current and expansion area: 

 

Current MFI area    Expansion area 

 

A. Predicted MFI clients                C.  Predicted MFI clients 

 

 

B. Predicted non-MFI clients                D. Predicted non-MFI clients 

 

 

Figure 2: Construction of treatment and control group. 

 

Since 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 is a generated regressor, we use bootstrap to approximate standard errors, for each 

of the regressions, based on the sampling data.21 That is, we perform a nonparametric bootstrap 

estimation by re-sampling from the original data. For a proper normal approximation, we performed 

1,000 replications. Furthermore, the standard errors are clustered by communities to control for 

intraclass correlation between the communities (Cameron et al., 2008).22 When clustering the 

standard errors while bootstrapping, the sample drawn during each of the replications, is a bootstrap 

sample of clusters. 

 

                                                   
21 The problem of obtaining correct inference when using generated regressors in two-stage models is well known (McKenzie and 

McAleer (1994)). Using non-parametric bootstrap has shown to improve statistical efficiency in the second-stage equation (Simar 

and Wilson (2007)).   
22 We cluster at communities as this is the highest level of nested clusters in our dataset which provides enough clusters. 
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Despite of applying our above described double difference methodology, uptake might still be 

endogenous. That is to say, we believe that take up not yet plausibly reflects the causal relationship 

with our outcome variables. We therefore proceed by also predicting uptake in the active MFI region, 

such that uptake is predicted in all areas. Relating to equation (1), and figure 2, we forecast 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 

in both the current MFI area, and in the expansion area.  By also forecasting the composition of 

borrowers and non-borrowers in the region where the MFI is currently active, we can indirectly 

control for endogeneity. Note, that if the prediction of the borrower/non-borrower composition in the 

current region would be perfect, it would be the same as if we have used the actual borrower/non-

borrowers.23,24 

 

When applying a variant of the methodology proposed by Coleman (1999), where we additionally 

forecast the composition of borrowers and non-borrowers in the expansion areas, there are two 

important assumptions we are making. First, we are assuming that the selection between the treatment 

and control group caused by unobserved factors are the same across the current area and expansion 

area. That is, where in a standard difference-in-difference model in time, we would assume that all 

unobserved characteristics are time invariant, where here assume that they are ‘space invariant’. 

Second, when we are estimating take up from an area where the MFI is already active, to help correct 

for self-selection, we have to assume that there is no correlation between unobserved characteristics 

from the take up equation, and the observed ones in the outcome equation (equation (1)). Otherwise, 

the coefficients we obtain in the take up equation will be biased to begin with.       

 

3.4.1 Prediction model 

To secure the best prediction as possible, it is important to only include truly exogenous variables in 

the logit model we use to predict clients. That is, we want to include variables which can help explain 

a household’s decision to become a client, without being affected by the client status itself (i.e. a loan 

from the MFI). The variables we have included in the model consists of: socioeconomic 

characteristics, and geographical variables, and overall covers a wide range of different characteristics 

which can help predict a household’s decision to take up a loan by the MFI. This prediction model is 

estimated a total of three times. Once for the overall sample, in which households from both the 

Yungas and Chuquisaca region are included, and once for each of the two regions. Had we applied 

the results from the prediction model based on the overall sample to the analysis of the individual 

                                                   
23 The results using the actual clients in the areas where the MFI is currently active, is available upon request.  
24 The STATA program written to implement the methodology explained here is available in the appendix.  
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regions, we would have committed an error. Since the underlying sample for each of the estimation 

is different, the division of households predicted to take up and not take up loans from the MFI under 

study, would be different. Thus, it is important that the prediction model is estimated on the same 

sample as considered for the analysis.   

 

Our list of socioeconomic characteristics is comprised of many types of characteristics. It includes 

characteristics of the household head such as age, gender and the years of completed education. 

Variables which provides information of the general composition of the household have also been 

includes. This includes the number of household members, the share of females in the working age 

in the household, and dependency ratio. This ratio shows the ratio of household members who are 

under 16, or over 65.  We have also included variables which can help determine the financial status 

or wealth of the household. An indicator for having another loan has been included. We believe that 

a household which already has a loan, should be less likely to take up a loan from the MFI under 

study. A household asset index25 has also been included along an indicator of house ownership. It is 

important to note that we do not see these variables as endogenous, although loans in theory could be 

used to purchase household assets, or buy a home. The reasoning is the loan strategy by the MFI. The 

MFI aims to provide loans solely for purpose of being invested in either agriculture or household 

businesses. Of course, in turn, the household can through investment into their farming and/or 

household business gather enough wealth to buy a house and/or household asset(s). Other wealth 

measures such of animal stock cannot included, as this can be seen as endogenous. The number of 

animals a household owns can be directly affected by the treatment status, as part of the loan strategy 

is to provide loans for agricultural purposes.  

 

An important predictor for loan taking, is the household’s degree of risk aversion. Respondents who 

are more risk taking, is also regarded more likely to take up a loan. This variable was measured 

through participation in a small game we have designed, which took place at the end of the survey. 

We regarded respondents, who decided to play this game more risk taking than respondents, who 

decided not to play. Next to the measure of risk aversion, an indicator for distress was added. 

Households who have experienced any shocks would be more likely to take up a loan. These shocks 

could be flood, drought, illness and more. The remaining variables included in the prediction model 

                                                   
25 Household assets are typically divided into two groups: productive and physical. Productive assets can generate income without 

being sold off, whereas physical can only generate value when sold off. We only consider physical assets when constructing this 

index.   
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is of a geographical nature. First, we included a measure of distance to the nearest market or trading 

centre. Second we included, a dummy for the region the household is located in. There are two regions 

in our study; the Yungas region and the Chuquisaca region. This variable is for obvious reasons not 

included, when the analysis is conducted for the individual regions. Lastly, we included a dummy for 

each of the communities in the access area. That is, a total of 50 community dummies are included, 

25 from Coroico and 25 from San Lucas.26 When conducting the analysis for the separate regions, 

only the community dummies corresponding to that region are added to the model.  

 

Aside from being exogenous, the variables included in the model also need to add value in terms of 

predictive power. The extent to which the variables add to the predictive power of the model can be 

observed from the logit regression output. Table 5 below gives the estimation output for the logit 

model. Like explained in the previous section, the estimation sample includes households located in 

the areas where the MFI is currently active. That is, the sample includes all households from the areas 

of Coroico and San Lucas when we consider the overall sample;  households only located in Coroico 

for the analysis of the Yungas region; and households only located in San Lucas for the analysis of 

the Chuquisaca region. This gives a total sample of 990 households for the sample including both 

regions, and a sample of 492 and 498 for the analysis of the Yungas region (Coroico) and Chuquisaca 

region (San Lucas) respectively. 

 

As evident from our logit results in table 5, the majority of the included controls significantly explains 

whether a household has a loan or not. Despite of some being insignificant, they can still add value 

to our predictive model. To access the strength of this prediction of logit model, the receiver operating 

characteristic (ROC)-curve has been used. A ROC-curve, or rather, the area under the ROC-curve, 

measures discrimination. That is, the ability to correctly classify those with and without a loan.  

 

The area under the ROC-curve for our model, that includes the overall sample, is 0.7966, which 

means that 79.66% of the observations in the area where the MFI is currently active is classified 

correctly. For the sample that includes only households in Coroico (Yungas region), 79.14% of the 

observations are classified correctly. In San Lucas (Chuquisaca region), 81.70% of the observations 

are classified correctly. Given this area under the ROC-curves, the prediction models can be said to 

be good in classifying households in being a client or not.  

                                                   
26 In practice, only 24 dummies from each of the access areas in the two regions are added, as we otherwise would introduce perfect 

multicollinearity.  
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Table 5: Prediction model 
 (1) (2) (3) 

VARIABLES  Loan uptake (Overall) Loan uptake  

(Yungas region) 

Loan uptake  

(Chuquisaca region) 

    

Have another loan (1=yes) -0.443 0.053 -2.293*** 

 (0.281) (0.327) (0.744) 

Distance to market (min) -0.004** -0.008*** -0.002 

 (0.002) (0.003) (0.003) 

#Household members 0.182*** 0.105* 0.233*** 

 (0.042) (0.062) (0.063) 

Dependency ratio -1.222*** -0.477 -2.125*** 

 (0.463) (0.755) (0.554) 

Gender of household head (1=female) 0.549** 0.638* 0.093 

 (0.271) (0.348) (0.432) 

Gender ratio -0.857 -0.022 -2.289** 

 (0.793) (1.127) (1.005) 

Age of household head -0.039*** -0.049*** -0.023** 

 (0.006) (0.008) (0.011) 

Education of household head (years) -0.040 -0.034 -0.067 

 (0.027) (0.029) (0.058) 

Household asset index 0.146 -0.073 0.273 

 (0.104) (0.122) (0.177) 

Own home (1=yes) -0.541** -0.305 -1.119* 

 (0.256) (0.325) (0.604) 

Risk game (1=played) 0.231 0.107 0.313 

 (0.168) (0.245) (0.244) 

Number of MFIs known 0.239*** 0.197** 0.371*** 

 (0.068) (0.085) (0.106) 

Had shock -0.174 0.029 -0.406* 

 (0.179) (0.261) (0.234) 

Chuquisaca region (1=yes) -1.256***   

 (0.327)   

Constant 2.839*** 2.722*** 1.820* 

 (0.761) (0.928) (1.075) 

    

Observations 990 492 498 

Area under ROC-curve 0.7966 0.7914 0.8170 

Notes: The columns present the odds ratio estimate of the logit model used to predict the composition of the borrowers 

and non-borrowers in the expansion areas. Column 1 is all households from the areas where the MFI is currently active 

(Coroico and San Lucas). Column 2 and 3 includes all households from the Yungas and Chuquisaca region respectively.  

Community dummies are omitted from the output. Clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * 

p<0.1 
 

3.4.2 Selection of cut-off point 

As we are predicting the number of MFI clients, the cut-off point we use to determine whether a 

household is a considered a potential client or not, is crucial for our analysis. The first suggestion for 

a potential cut-off point would be 0.5. That is, if the estimated probability for take up is higher than 

50%, the household should be considered as a household that would take up a loan, and therefore by 

allocated to the treatment group. However, the choice of 0.5 as the cut-off point might not be the best 

choice.  

 

When working with a binary classification function (a logit function), then we have to consider 

sensitivity and specificity. Sensitivity and Specificity are two statistical measures, which measure the 
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performance of our classification function. Sensitivity (or true positive rate) measures the proportion 

of positives that are correctly classified as such. In our case, it measures the proportion of households 

who are correctly classified as having a loan.27 Specificity (or true negative rate) measures the 

proportion of negatives that are correctly classified as such. That is, the proportion of households who 

are correctly classified as not having a loan. Another way of looking at sensitivity and specificity is 

that the sensitivity quantifies the ‘avoiding’ of false negatives, while specificity quantifies the 

‘avoiding’ for false positives. If the model would perfectly predict the composition of households 

with and without loans, it would mean that it has 100% sensitivity and 100% specificity. 

 

Often there is a trade-off between the two measures. When improving on sensitivity, you often reduce 

your specificity. We wish to maximize the overall performance of our classification model, and 

therefore want to choose the best cut-off point. One way of choosing the best cut-off point, would be 

to graph the sensitivity curve and the specificity curve respectively, and choose the cut-off value for 

which the two curves intersect. However, we will apply Youden’s index (Youden, 1950) to select the 

optimal cut-off point. The Youden Index estimates the probability of an informed decision, contra a 

random guess. The index is calculated as sensitivity+specificity-1, and is defined between -1 and 1. 

It gives the value of 0 when a test is deemed useless (i.e. when the classification model gives the same 

proportion of positive results for groups with and without the loan). The index is often used together 

with a ROC-curve, where the index is given by the vertical distance above the chance line. The 

optimal cut-off value is then selected corresponding to the cut-off which gives the maximum value 

of the index.  

 

For our logit models, the cut-off which gives the maximum value of Youden’s Index is reached when 

the probability cut-off is set to 0.2859 for the overall sample. That is, when the estimated probability 

of the household taking up a loan from the MFI under study is 28.59% or above, the household will 

be allocated to the treatment group. For the Yungas region, the value of Youden’s Index is 0.4051, 

indicating that when the estimated probability of the household taking up a loan from the MFI under 

study is 40.51% or above, the household will be allocated to the treatment group. For the Chuquisaca 

region, Youden’s index takes a value of 0.2802, so households with a value of Youden’s Index of 

28.02% or above, will be allocated to the treatment group. Additional statistics, such as the 

sensitivity/specificity graph, and the calculation of the two statistics can be found in the appendix.  

                                                   
27 This measure is based on the area where the MFI is currently as the actual number of borrowers in the expansion area is not 

known. 



525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen
Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018 PDF page: 78PDF page: 78PDF page: 78PDF page: 78

THE IMPACT OF MICROCREDIT  

 

 

72 

 

 

 

3.4.3 Summary statistics and selection tests 

After constructing our treatment and control group based on our predictive model, it remains 

important to check if the different groups we constructed are similar, as differences in the groups can 

lead to bias of any estimate of treatment effects. It is of course impossible to directly compare the two 

groups on unobservables. However, we can compare them on observables to see if the two groups 

are similar. A selection test can be conducted to determine if the observable controls are distributed 

similarly between the two groups in question, and thus detect if there is any selection effect present 

on the observable characteristics. Given our prediction model, we except no systematic differences 

between the treatment and control group.   

 

If we would go for a straight forward comparison between the two groups, we would be making a 

mistake, in that we would be neglecting the self-selection bias and programme placement bias, which 

is very likely to be present. If we are to determine if the selection process is similar in the two types 

of areas, we have to take the characteristics of non-borrowers into account. To overcome this, we 

follow a similar approach to our main estimation approach. That is, we predict uptake in both the 

active area and expansion area, and then apply the double difference model to access balance between 

the groups. We can view this as the following: (𝑋𝐸𝐶 − 𝑋𝐸𝑁) − (𝑋𝑃𝐶 − 𝑋𝑃𝑁), where X represents an 

exogenous variable, and the subscripts PEC, PEN, PFC and PFN indicating predicted existing clients, 

predicted existing non-clients, predicted future clients, and predicted future non-clients, respectively. 

We can conclude that the groups are similar if this difference of differences is not significantly 

different from zero. This can be tested by running the following equation:28  

 

𝑿𝑖𝑗 = 𝛼 + 𝛽 ∗ 𝑉𝑗 + 𝛿 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 + 𝛾 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 + 𝜃 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 + 휀𝑖𝑗                  (2) 

 

Where 𝑉𝑗 controls for village effects, Take up indicates if the household is a predicted client or not, 

Access is a dummy equal to one if the household already had access to the loan, and Access*Take up 

is an interacting of the two. Hence, 𝛿 captures differences in 𝑿𝑖𝑗 between the households with and 

without a loan, 𝛾 captures differences in 𝑿𝑖𝑗 due to areas with and without current access to the loan, 

and 𝜃 captures any differences in 𝑿𝑖𝑗 between the predicted borrowers with currently access and 

predicted future borrowers, who does not currently have access to the loan. We are basically 

                                                   
28 This could also have been testing using an equivalent ANOVA. 
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controlling for selection in that we must assure that the predicted clients are similar in both areas. The 

coefficient of 𝜃 is therefore the most important, as it shows the quality of our prediction. Note, that 

we expect to find no differences between the predicted clients in the two areas, since they are 

predicted from the same estimation.  

 

Table 6, 7 and 8 below presents the summary statistics and selection test for the variables used for 

the prediction model for the overall sample and for the two regions separately. For each variable, we 

display the number of observations and mean for both the treatment and control group, as well as the 

𝜃 coefficient obtained by estimating (2). 

 

Starting with the overall sample in table 6, we document (almost) no imbalances between the 

predicted clients in the active area, and the expansion area, as shown by the 𝜃 coefficient. We can 

therefore conclude that the sample is overall balanced. For the imbalances we observe an about 3 

percent lower gender ratio for the predicted borrowers in the expansion areas compared to the 

predicted borrowers in the current access areas. We furthermore observe a significant difference in 

the household asset index. The summary effect size decrease amounts to about negative 0.25, overall 

stating that predicted borrowers in the expansion areas are slightly poorer than predicted borrowers 

in the current access areas. 
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Table 6: Descriptive Statistics for household sample 
 Summary Statistics  

 Control Treatment Selection tests 

 N Mean N Mean θ 

 (1) (2) (3) (4) (5) 

Have a loan, but not from MFI under study (1=yes) 714 0.24 1275 0.45 -12.082 

     (10.255) 

Distance to market (min) 714 75.30 1275 40.19 -0.050 

     (0.060) 

#Household members 714 4.35 1275 5.73 -0.171 

     (0.226) 

Dependency ratio 714 0.54 1275 0.54 0.005 

     (0.029) 

Gender of household head (1=female) 714 0.16 1275 0.19 0.026 

     (0.042) 

Gender ratio 714 0.23 1275 0.22 -0.034* 

     (0.018) 

Age of household head 714 56.31 1275 43.76 -0.751 

     (1.397) 

Education of household head (years) 714 4.82 1275 6.70 0.204 

     (0.506) 

Household asset index 714 -0.18 1275 0.11 -0.249** 

     (0.124) 

Own home (1=yes) 714 0.95 1275 0.83 0.017 

     (0.035) 

Risk game (1=played) 714 0.29 1275 0.48 -0.080 

     (0.053) 

Number of MFIs known 714 1.57 1275 2.86 -0.185 

     (0.160) 

Had shock (1=yes) 714 0.46 1275 0.37 -0.084 

     (0.069) 

Notes: The control and treatment group includes the predicted would be borrowers and predicted non-borrowers from 

the expansion areas. A description of the variables can be found in the appendix. The coefficients from column (5)-(7) 

comes from the following regression equation: 𝑿𝑖𝑗 = 𝛼 + 𝛽 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 + 𝛿 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 + 𝛾 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝𝑖𝑗 +

휀𝑖𝑗. Chuquisaca region dummy is excluded. The results for the community dummies are not shown. Standard errors are 

bootstrapped with 1,000 replications and clustered at the community level. *** p<0.01, ** p<0.05, * p<0.1 
 

Table 7 present the summary statistics and selection tests for the Yungas region. Similar to the overall 

sample, we document almost no imbalances, as read through the coefficient of θ. Only when 

considering the gender of the household head, and household asset index, a significant difference is 

found. However, considering that we only find two unbalanced variables out of thirteen, we consider 

the overall sample for the Yungas region balanced. For the predicted borrowers in the expansion 

areas, the household is about 8 percentage points more likely to be female, and the households are 

slightly poorer than the households predicted to borrow in the current access areas.  
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Table 7: Descriptive Statistics for household sample: Yungas region 
 Summary Statistics  

 Control Treatment Selection tests 

 N Mean N Mean θ 

 (1) (2) (3) (4) (5) 

Have a loan, but not from MFI under study (1=yes) 325 0.46 663 0.60 -8.210 

     (7.571) 

Distance to market (min) 325 61.59 663 36.54 0.096 

     (0.076) 

#Household members 325 4.64 663 5.55 -0.041 

     (0.279) 

Dependency ratio 325 0.56 663 0.54 0.022 

     (0.029) 

Gender of household head (1=female) 325 0.14 663 0.25 0.081* 

     (0.048) 

Gender ratio 325 0.20 663 0.23 -0.024 

     (0.017) 

Age of household head 325 56.27 663 42.32 0.999 

     (1.686) 

Education of household head (years) 325 5.97 663 7.76 0.127 

     (0.526) 

Household asset index 325 -0.26 663 -0.14 -0.394*** 

     (0.136) 

Own home (1=yes) 325 0.89 663 0.79 -0.011 

     (0.048) 

Risk game (1=played) 325 0.44 663 0.49 -0.025 

     (0.065) 

Number of MFIs known 325 2.86 663 3.23 0.440 

     (0.279) 

Had shock (1=yes) 325 0.25 663 0.29 0.006 

     (0.068) 

Notes: The control and treatment group includes the predicted would be borrowers and predicted non-borrowers from 

the expansion areas. A description of the variables can be found in the appendix. The coefficients from column (5)-(7) 

comes from the following regression equation: 𝑿𝑖𝑗 = 𝛼 + 𝛽 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝
𝑖𝑗

+ 𝛿 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠
𝑖𝑗

+ 𝛾 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝
𝑖𝑗

+

휀𝑖𝑗. Chuquisaca region dummy is excluded. The results for the community dummies are not shown. Standard errors are 

bootstrapped with 1,000 replications and clustered at the community level. *** p<0.01, ** p<0.05, * p<0.1 

 

In table 8, we displays the summary statistics and selection test for the Chuquisaca region. Compared 

to the overall sample, and the sample for the Yungas region, we here observe slightly more 

imbalances, as given by the θ coefficient. We document that the predicted clients in the expansion 

area are imbalanced on a total of three controls when comparing them with the predicted clients in 

the current access areas. Still, the sample can be said to be overall balanced, as imbalances are only 

observed on three out of thirteen variables. Predicted borrowers in the expansion areas, are much less 

likely to have another loan than the predicted loan from the MFI under study. Similarly to the overall 

sample, a lower gender ratio is observed, in this case of about 5 percentage points. Lastly, predicted 

borrowers in the expansion areas are slightly poorer than their borrower counterparts in the current 

access areas.  
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Table 8: Descriptive Statistics for household sample: Chuquisaca region 
 Summary Statistics  

 Control Treatment Selection tests 

 N Mean N Mean θ 

 (1) (2) (3) (4) (5) 

Have a loan, but not from MFI under study (1=yes) 620 0.29 380 0.06 -15.803* 

     (8.928) 

Distance to market (min) 620 69.93 380 45.48 0.065 

     (0.066) 

#Household members 620 4.63 380 6.17 -0.203 

     (0.253) 

Dependency ratio 620 0.54 380 0.53 0.034 

     (0.029) 

Gender of household head (1=female) 620 0.18 380 0.08 0.059 

     (0.042) 

Gender ratio 620 0.25 380 0.22 -0.046*** 

     (0.017) 

Age of household head 620 52.77 380 44.46 1.636 

     (1.734) 

Education of household head (years) 620 4.57 380 5.36 0.248 

     (0.496) 

Household asset index 620 -0.05 380 0.55 -0.328** 

     (0.137) 

Own home (1=yes) 620 0.98 380 0.86 0.002 

     (0.036) 

Risk game (1=played) 620 0.27 380 0.50 -0.029 

     (0.059) 

Number of MFIs known 620 1.31 380 2.33 0.380 

     (0.247) 

Had shock (1=yes) 620 0.57 380 0.46 -0.078 

     (0.069) 

Notes: The control and treatment group includes the predicted would be borrowers and predicted non-borrowers from 

the expansion areas. A description of the variables can be found in the appendix. The coefficients from column (5)-(7) 

comes from the following regression equation: 𝑿𝑖𝑗 = 𝛼 + 𝛽 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝
𝑖𝑗

+ 𝛿 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠
𝑖𝑗

+ 𝛾 ∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑗 ∗ 𝑇𝑎𝑘𝑒𝑈𝑝
𝑖𝑗

+

휀𝑖𝑗. Chuquisaca region dummy is excluded. The results for the community dummies are not shown. Standard errors are 

bootstrapped with 1,000 replications and clustered at the community level. *** p<0.01, ** p<0.05, * p<0.1 

 

 

3.5 Analysis 

This section presents and discusses the estimation results for the impact of having loan from the MFI 

under study. The results are presented as follows: We first present the results from the household 

analysis on loan and income related outcomes in table 9. This is followed by the household results on 

business related outcomes in table 10. We then display the results for agricultural sales in table 11. 

Finally, we show the results on income distribution, which is displayed in table 12. We estimate the 

effect of a loan from the MFI under study by using a double difference model. That is, regressing the 

outcome variable on a take up dummy, an access dummy, an interaction of the two, and a set of 

control variables which includes village effects.29 The control variables (excluding village and 

community dummies) are given in table 6, 7 and 8 in section 4.3. For each of the subsections, the 

results from the analysis using the pooled sample are shown. It is then followed by the results for 

                                                   
29 The results without including control variables are given in appendix  
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each of the two regions respectively. We opt for including the pooled sample for completion, and to 

provide a type of benchmark for the two regions, further highlighting the contrast between the two 

regions. Many interesting aspects can be uncovered when conducting a subgroup analysis, and in our 

application, we wish to see if any of the notable differences discussed earlier is leading to a difference 

in the results between the two regions. Recall that each of these regions constitutes an expansion 

vector for the MFI under study. The MFI is currently active in Coroico (1) and San Lucas (2), with 

plans about expanding into nearby areas of Chulumani (1), Irupana (1), Villa Charcas (2), and 

Camargo (2). Coroico and its associated expansion areas are located in the Yungas region, and San 

Lucas and its associated expansion areas are located in the Chuquisaca region.  

 

3.5.1 Impact on loans and income 

Table 9 below presents the results from our analysis on the total loans outstanding and total monthly 

income. The total loans outstanding includes all loans that the household has, including loans from 

the MFI under study. Considering the total loans outstanding, we can get an idea whether the loan 

from the MFI under study might be used to pay of other debt. Suppose that the loan from the MFI 

under study is not used to pay off other outstanding debt, then we would expect to see an increase 

about equal to the average loan size of the loans from the MFI under study. If the loan is used to pay 

off other outstanding debt, then we would expect to see an increase in the total loan outstanding less 

than the average loan size from of the loans from the MFI under study. We opt for using outstanding 

loan rather than amount borrowed, as we do not know exactly when the amount was borrowed. Total 

monthly income include income from three main components: business revenues, agricultural income 

and other income. Other income is then comprised by salaried work, remittances and other 

government transfers. 

 

We observe for the overall sample, that households with a loan had an increased loan outstanding of 

about 4,118 bolivianos, although insignificant. As the market for microfinance is quite substantial in 

Bolivia, many households already had a loan from another MFI. Additionally, households might also 

have additional formal or informal debt. It could therefore be suspected that a loan from the MFI 

under study is either partly or fully used to pay of other loans. If this is the case, limited impacts 

should be expected when conducting an impact analysis, as the credit is not spend towards its intended 

purpose. To what extend a loan is used to substitute between loans (substitution effect), or as a 

complement to existing loans (complementary effect), further investigation is required to be able to 

draw a sound conclusion. Our result only gives an indication of this. Looking at the individual regions, 
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we find that for the Yungas that the total loans outstanding increase by 2,219 bolivianos, however as 

with the result for the overall sample, the result is not significant, and therefore carry little economic 

meaning. However, for the Chuquisaca region, a significant increase in total loans outstanding of 

about 4.018 bolivianos (about 580 USD) is found. This effect might seem substantial, when 

considering that the average loan size for the Chuquisaca region is reported to be 2,402 bolivianos 

(780 USD). To put the estimated coefficient in perspective, we have in addition to the regular 

coefficients in our table, calculated the standardized coefficient of the ‘Take up*Access’ from our 

regression model, which is displayed in the bottom row named ‘effect size’. Similar to Cohen’s d 

(Cohen, 1988), it provides information about the relative effect size of the coefficient, and are 

interpreted as a change in the total loans outstanding measured in units of standard deviations, for a 

one standard deviation change in the independent variable in question. Relating it to effect size, we 

can say something about whether this effect is small or large. Following Cohen (1988) and 

Sawilowsky (2009), an effect size of 0.238 as observed in our table is seen as small.30 That is, 

although an increase of 4.018 bolivianos in total outstanding loans might appear as large, in terms of 

effect size/standard deviation, the effect is rather small.  

 

In addition to the results presented in table 9 below, we also conducted the analysis using a sample 

from which we dropped all observations more than three standard deviations away from the mean of 

our outcome variable.31 The results for this analysis can be found in the appendix to this chapter. 

While the result remains insignificant for the Yungas region, we now in addition to a more significant 

effect for the Chuquisaca region, also observe a significant increase in the total loans outstanding for 

the overall sample. The result for the Chuquisaca region shows a smaller coefficient of 2,560, 

significant at the 5 percent level. Thus, indicating an increase of total outstanding loans of 2,560 

bolivianos (about 370 USD). With a coefficient of 3.864, we can say that a loan from the MFI under 

study leads to increase of the total loans outstanding of about 3.864 bolivianos, which amount to 

about 558 USD. With an average total outstanding loans of 10,714 bolivianos for our sample, we 

observe that the loans from the MFI under study, comprises about 40% of the average households 

total outstanding loan. Furthermore, the result indicates that the loan from the MFI under study has 

more of a complementary effect to the existing loans of the household, rather than a substitutional 

                                                   
30 According to Cohen (1988) and Sawilowsky (2009), an effect size of 0.01 is seen as ‘very small’, 0.20 as ‘small’, 0.50 as 

‘medium’, 0.80 as ‘large’, 1.20 as ‘very large’, and 2.0 as ‘huge’. We adopt the same interpretation for the analysis conducted in this 

chapter. 
31 When dropping the observations, we calculate the mean and standard deviation for each of the three samples. Thus, it cannot be 

expected that the sum of the households dropped in the two regions will add up to the number of households dropped from the 

combined sample.  
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effect, as we now observe a significant increase in the total loans outstanding. However, as noted 

earlier, further analysis is required to be certain. 

 

The results presented here, reveals a big difference between the two areas, and could indicate that a 

large part of the loan proceeding in the Yungas region are spent paying other loan. In this way, a little 

or no effect would be observed on the total loans outstanding. Again, if this is the case, limited impacts 

should then be expected when conducting an impact evaluation.  

 

The first indication of this we get is when we look at the total monthly income. Across our three 

samples, we find relatively small and insignificant coefficients, showing that taking a loan from the 

MFI under study does not significantly increase the household’s total monthly income. As microcredit 

mainly affects long-run welfare through productive investments, impacts will take time to materialize. 

However, if loan proceeds are used for non-productive purpose, it cannot enhance welfare in the long 

run (See chapter 4). So despite the insignificant impacts on the total monthly income now, we might 

find something in the longer run. Additionally, it might also be that a positive impact on one of the 

components constituting total monthly impact is found, but is cancelled out by an equally negative 

impact on one of the other components. The results presented in the following subsections, will give 

this a closer look. 

Table 9: Total loans outstanding and income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total loans 

outstanding  

Total loans 

outstanding: 

Yungas 

Total loans 

outstanding: 

Chuquisaca 

Total monthly 

income 

Total monthly 

income: 

Yungas 

Total monthly 

income: 

Chuquisaca 

       

Take up -3,924.434 -4,766.890 -2,433.100 260.077 -435.816 351.659 

 (2,698.434) (3,142.586) (2,601.617) (273.603) (518.729) (401.034) 

Access 2,138.515 10,831.297* -4,232.921 375.336 -113.028 744.772 

 (5,914.745) (6,008.094) (3,929.742) (470.635) (712.275) (736.568) 

Take up*Access 4,117.837 2,219.273 4,017.762* 46.580 307.934 -35.623 

 (2,579.027) (4,062.733) (2,362.462) (268.163) (487.472) (391.728) 

Constant -489.765 1,364.854 50.189 1,138.661** 2,160.256** 1,148.798 

 (5,090.515) (7,173.884) (4,361.372) (497.246) (909.372) (749.510) 

       

Observations 1,994 990 1,004 1,994 990 1,004 

Effect size 0.186 0.088 0.238 0.019 0.116 -0.015 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Total income includes: Business revenues, 

agricultural income, and other income, where other income is constituted of salaried labor, remittances, and other transfers.  

All monetary values are expressed in bolivianos. All variables have been winsor transformed to avoid extreme outliers. Effect 

size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the relative strength of the coefficient. 

Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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3.5.2 Impact on business revenues 

In table 10, we observe the impacts on business revenues. Business revenues are used as a proxy for 

business income, due to the noisy nature of the self-reported data. Additionally, we do not ask about 

business income directly in our survey. We are therefore assuming that an increase in sales translates into 

an increase in income. Arguably, we are overestimating the effect on total income, as we are substituting 

business income with business revenue. We present the results in two ways. First we present the results 

when we use our common samples. That is, we use the full sample, and subsample for each of the two 

regions. We then present the results for the overall sample, and the two separate regions for the subsample 

of households who indicated that they had a households business.32 This basically, rules out all the 

households that would have 0 business revenues. This can be viewed as a so-called ‘intensive margin’, 

thus for the results for business revenues for households who actually have a functioning households 

business. 

 

If we first observe the results using our regular sample, we find positive, but insignificant impacts for the 

over sample, and for the Yungas region. However, for the Chuquisaca region, we observe a significant 

positive impact 585 bolivianos (about 85 USD). On a yearly basis, the amounts to more than 1,000 USD, 

thereby constituting a significant impact for the average household in an otherwise poor region of Bolivia. 

In terms of the effect size, the effect is considered ‘small’ showing a coefficient of 0.296. If we direct our 

attention to the impact on business revenues for the subgroup of households who have indicated to have 

a household business, we observe an even stronger impact in the Chuquisaca region. The increase in 

monthly business revenue now amounts to 2,587 bolivianos (about 374 USD), making for a yearly 

increase almost 4,500 USD. It is not surprising that the impacts on the intensive margin is greater, as we 

remove households which otherwise would have 0 business revenue. Nevertheless, it could be argued, 

that this result is more interesting, as it concerns the households who actually engage in a household 

business. This high impact is also reflected in the calculated effect size. With a coefficient of 0.793, the 

effect size can be considered ‘big’, but not as extreme as otherwise indicated by the coefficient of 2,587. 

Thus, signalling a relatively high standard deviation of the underlying data. Regardless the noise of the 

underlying data, this estimated coefficient is still very large, and should be taken with caution. To account 

for the potential noise of the underlying data, an additional robustness analysis has been conducting, where 

households with business revenues more than three standard deviations away from the mean have been 

removed (see below).  

 

                                                   
32 For the ‘intensive margin’ analysis, we also estimate a separate logit model, calculate a new optimal cut-off, and thereby a new 

group composition of predicted borrowers and predicted non-borrowers. The prediction models and optimal cut-offs for the intensive 

margin analyses are given in the appendix.  
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Concerning the overall sample, we still find a positive but insignificant coefficient, whereas for the 

Yungas region, we observe a negative but insignificant coefficient. The negative (albeit insignificant) 

result in the Yungas region, is likely to contribute to the, on average, smaller (and insignificant) impact 

that we observe for the overall sample. Thus, for subcomponent of total monthly income, business 

revenues, we find no significant impacts on the overall sample, and for the Yungas region, but do observe 

a relatively big impact on business revenues in the Chuquisaca region. 

 

If we use our reduced sample of households that excludes households with business revenues more than 

three standard deviations away from the mean, we observe a similar significant impact on business 

revenues in the Chuquisaca region, albeit smaller in magnitude showing a coefficient of 307. That is, we 

observe a significant increase of 307 bolivianos (about 44 USD) on the monthly business revenues, 

amounting to a yearly impact of about 528 USD. The effect size can also be characterized as ‘small’ with 

an effect size coefficient of 0.254. For the intensive margin, the coefficient drops to 973 and is 

insignificant. That is, by removing the households in the high end of the revenue distribution, the 

significant impact disappears for the subsample of households that have indicated to engage in a 

household business, whereas t remains for the regular sample of households in the Chuquisaca region.  

  

Table 10: Business revenues results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

business 

revenues 

Total monthly 

business 

revenues: 

Yungas 

Total monthly 

business 

revenues: 

Chuquisaca 

Total monthly 

business 

revenues 

(”Intensive 

margin”) 

Total monthly 

business 

revenues: 

Yungas 

(”Intensive 

margin”)1 

Total monthly 

business 

revenues: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 205.731 -111.788 -190.428 -522.376 -3,456.231 -1,595.079 

 (251.641) (515.915) (332.099) (966.251) (2,682.972) (1,622.463) 

Access 375.732 -199.880 1,057.604 48.558 -3,683.478 -1,782.923 

 (605.561) (688.923) (771.256) (1,204.771) (2,785.458) (1,637.125) 

Take up*Access 275.803 244.740 584.613* 876.661 2,560.832 2,587.136* 

 (242.008) (482.564) (323.820) (882.009) (2,664.613) (1,500.291) 

Constant 390.646 1,050.070 779.439 3,199.646 9,443.724** 4,669.552** 

 (441.681) (810.084) (567.206) (1,967.469) (4,213.835) (2,251.404) 

       

Observations 1,994 990 1,004 513 235 278 

Effect size 0.123 0.099 0.296 0.229 0.589 0.793 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Column (4)-(6) presents the results limiting the 

sample to households that have indicated to have a business. All monetary values are expressed in bolivianos. All variables 

have been winsor transformed to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take 

up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
1) For the subsample in the Yungas region, some of the community dummies are omitted due to perfect collinearity 

(community 1, 2, 13, 15, 22 and 23). 
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3.5.3 Impact on agricultural sales 

We continue our analysis with the impact on agricultural sales. Similar to the analyses on business 

revenues, we also look impacts using our ‘regular’ groups, and then for, what we call, ‘intensive 

margin’. That is, we exclude households from the analysis that do not signal to have any agricultural 

activities. The agricultural sales, constitute the second pillar of the total monthly income. Like with 

business revenues, we did not ask about agricultural income directly in the survey. We therefore use 

agricultural sales as a proxy for agricultural income due to the noisy nature of the data. We are 

therefore making the assumption that an increase in agricultural sales translates to an increase in 

agricultural income. The agricultural sales itself, is comprised by two subgroups: crop sales, and sales 

of animals and dairy products. Each of the sales components were first transformed into kilo from 

their reported quantities, and then it was multiplied with the price per kilo. With the exception of 

dairy sales, as households were just asked to report the monthly sales in bolivianos directly, and not 

what quantity. The kilo price is obtained from OAP33, a national database providing with the average 

price of any crop in that region of the country. In this way we avoid the noise that follows self-

reported sales values. 

 

The results for the regular samples show an overall negative impacts on agricultural sales of about 

203 bolivianos (about 29 USD) on a monthly basis. This adds up to a yearly decrease of about 350 

USD. This results is likely to be driven by the result observed in the Chuquisaca region, where we 

observe a significant negative coefficient of -250. Thus, indicating a monthly decrease of 250 

bolivianos (about 36 USD), which then adds up to about 432 USD on a yearly basis. The standardized 

coefficients displayed in the bottom row, signal ‘medium’ effect sizes, with coefficients of -0.368 

and -0.435 respectively. We do observe a negative coefficient in the Yungas region as well, but it 

smaller in magnitude and insignificant. The negative results are similar if we look at the subgroup of 

households who indicate to engage in agricultural activities. The results for the ‘intensive margin’, 

reveals a negative impact for the sample containing both regions of -227 bolivianos, or about 33USD 

on a monthly basis. The result for the Chuquisaca region is similar to the one of the regular analysis, 

and shows a coefficient of -244 (about 35 USD). The observed effect sizes remains in the same range 

of ‘medium’ as before, thus no big differences are found between the two samples. The coefficient 

also takes a larger negative value for the Yungas region, however, it remains insignificant. 

 

                                                   
33 The database of Observatorio Agroambiental y Productivo can be found here: 

 http://www.observatorioagro.gob.bo:8080/birt/report/index.jsp# 
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Putting this together, we observe overall negative impacts for agricultural sales, especially for the 

Chuquisaca region. While this is not the expected outcome of microcredit loans, we need to compare 

this with the impact found on other income measures. Despite this negative impact found in the 

Chuquisaca region, its absolute value is still a lot smaller than what we observed for business 

revenues. This would still suggest an overall positive impact on the total monthly income. 

Furthermore, a reduction in sales, could also mean an increased consumption of their agricultural 

production. It is also possible, that households shifted focus in their income generating activities away 

from agriculture, and into other areas such as business or salaried labour. It seems logical to now look 

at the third and final component of the total monthly income, other income, which comprises salaried 

labour, remittances and other government transfer.  

 

In the appendix, we conducted the analysis excluding households with total monthly agricultural sales 

values more than three standard deviation away from the average value. The results for the whole 

sample drops to a negative 109 bolivianos a month, but is left insignificant. Observing the result for 

the intensive margin for the full sample, the result remains significant with a negative coefficient of 

147, amount to a yearly negative impact of 1,764 bolivianos (255 USD). For the sub sample of 

Chuquisaca, a significant negative impact of 157 bolivianos (23 USD) for the regular sample. For the 

intensive margin, the magnitude of the coefficient is reduced to 135 (19 USD), remaining significant. 

Removing the households furthest away from the average total monthly agricultural sales, overall 

reduces the magnitude of the impacts, and with the exception of the impact for the full sample, the 

results remain significant.  
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Table 11: Agricultural sales results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

agricultural 

sales 

Total monthly 

agricultural 

sales: Yungas 

Total monthly 

agricultural 

sales: 

Chuquisaca 

Total monthly 

agricultural 

sales 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: Yungas 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 143.171* 2.569 154.605 156.690* 32.471 148.935 

 (78.984) (89.033) (100.395) (83.809) (100.831) (106.134) 

Access 83.210 -94.123 123.741 166.619 36.066 141.892* 

 (126.904) (137.457) (102.562) (140.858) (170.030) (85.532) 

Take up*Access -203.223** -109.980 -250.174** -226.994*** -148.997 -243.898** 

 (80.585) (91.999) (99.700) (86.548) (99.568) (109.718) 

Constant 81.920 81.744 -213.410 111.213 116.009 -170.970 

 (136.769) (145.008) (190.553) (153.039) (165.263) (206.187) 

       

Observations 1,994 990 1,004 1,788 866 922 

Effect size -0.368 -0.210 -0.435 -0.401 -0.280 -0.413 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Column (4)-(6) presents the results limiting the 

sample to households that have indicated to engage in agricultural activities. All monetary values are expressed in bolivianos. 

All variables have been winsor transformed to avoid extreme outliers. Effect size represents that standardized coefficient of 

‘Take up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 

replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

 

3.5.4 Impact on other income  

The results in table 12, displays the outcome of the analysis for the last income subgroup, namely 

other income. Other income contains three different sorts of income, most notably salaried labour. It 

is basically any labour income a household member has from working as an employee for someone 

else. It could be for some other person’s business, agricultural activity or something third. The two 

other components are remittances and other government transfers. Remittances are mostly received 

from other family members working abroad, and in this way supports their family at home. 

Government transfers, includes any income the household might receive from any governmental 

institution. As with the previous sections, we in addition to our regular analysis also look at the 

subsample of households who has a non-zero other income.  

 

Our results reveals while a negative coefficient for the overall sample, no significant impact. 

However, if we look at the two regions individually, we see some different impacts. In the Yungas 

region, we observe a positive coefficient of 173 bolivianos, however, insignificant. This is different 

for the Chuquisaca region, where we observe a significant negative impact of about 370 bolivianos 

(about 53 USD) on a monthly basis. Scaling this up to a yearly basis, it amounts to more than 360 

USD decrease in total household income. The standardized coefficient displayed in the bottom row, 

signals ‘medium’ effect sizes, with a coefficient of -0.361. If we turn our attention to the results for 
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households who have indicated to have any form of other income, we see the previous results being 

amplified. That is, for the overall sample, we find a larger negative coefficient, however, still failing 

to reach significance. For the Yungas region, we now observe a significant positive impact of about 

552 bolivianos (about 80USD) on a monthly basis, making a yearly income increase of 960 USD, 

thereby constituting a solid increase in the income for the average household. The effect size reported 

signals a relatively ‘medium’ effect size with a coefficient of -0.414. For the Chuquisaca region, the 

negative impact increased to 436 bolivianos (about 63 USD), which makes for a negative impact of 

more than 750 USD yearly. The observed effect sizes remains in the same range of ‘medium’ as 

before, thus no big differences are found between the two samples. The reduction in other income in 

the Chuquisaca, does not come unexpected as a significant part indicated to be working at other 

household’s agricultural activities, which we observe took a significant decrease. It would therefore 

not be surprising that some of these people simple had less work at other household’s agricultural 

activity and therefore a reduction in their other income.  

 

While we observe a significant increase for the Yungas region in other income, and negative but 

insignificant decreases on the business and agricultural side, this does not transfer to a significant 

increase for the overall monthly income. Similar story holds for the Chuquisaca region. We observe 

a solid increase in business revenues, but despite being larger in magnitude than the combined 

negative impacts on agriculture and other income, we do not observe a significant impact on total 

monthly income.  

 

In the appendix, we conducted the analysis excluding households with other income more than three 

standard deviation away from the average value. The result for the Chuquisaca sample increases to a 

negative 370 bolivianos a month (54USD), showing a ‘medium’ effect size of 0.370. Observing the 

result for the intensive margin for the Chuquisaca sample, the magnitude also drops, now showing a 

negative coefficient of 271 bolivianos a month (39USD), with an accompanying effect size 

coefficient of 0.382. Similarly, the result for the intensive margin in the Yungas region is still 

significant, but with a lower magnitude of 343 bolivianos as a monthly impact (50USD). Removing 

the households furthest away from the average total monthly agricultural sales, overall reduces the 

magnitude of the impacts, and the results remain significant. 
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Table 12: Other income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

other income 

Total monthly 

other income: 

Yungas 

Total monthly 

other income: 

Chuquisaca 

Total monthly 

other income 

(”Intensive 

margin”) 

Total monthly 

other income: 

Yungas 

(”Intensive 

margin”) 

Total monthly 

other income: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up -88.824 -326.597 387.483* 79.720 -317.599 345.587* 

 (127.675) (206.034) (205.132) (138.843) (267.650) (203.574) 

Access -83.606 180.976 -436.573* -64.914 -142.376 -490.815** 

 (422.336) (313.020) (250.517) (469.935) (334.312) (241.559) 

Take up*Access -26.001 173.173 -370.062* -132.873 551.510* -435.672** 

 (142.668) (228.492) (190.906) (146.004) (285.554) (200.421) 

Constant 666.095*** 1,028.442*** 582.768 694.051** 1,130.865*** 952.065* 

 (257.756) (332.374) (462.136) (279.771) (407.336) (501.108) 

       

Observations 1,994 990 1,004 1,715 792 923 

Effect size -0.025 0.167 -0.361 -0.123 0.495 -0.414 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Column (4)-(6) presents the results limiting the 

sample to households that have indicated any other income. Other income is constituted of salaried labor, remittances, and 

other transfers. All monetary values are expressed in bolivianos. All variables have been winsor transformed to avoid extreme 

outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the relative strength 

of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1\ 

 

 

3.5.5 Impact on income distribution  

For the final subsection of our analysis, we take a look at the impact of being a member of the MFI 

under study on the household’s income distribution. We look at each of the three components that 

together constitutes total income; business, agriculture and other. The percentage business income is 

calculated as the business income of the household divided by total income. Similar calculation is 

done for each of the two other components. Other income contains three different sorts of income, 

most notably salaried labour. It is basically any labour income a household member has from working 

as an employee for someone else. It could be for some other person’s business, agricultural activity 

or something third. The two other components are remittances and other government transfers. 

Remittances are mostly received from other family members working abroad, and in this way 

supports their family at home. Government transfers, includes any income the household might 

receive from any governmental institution. The sum of the three components will add up to one. By 

analysing the effect of being a member of the MFI under study on the household’s income 

distribution, we are able to further explain some of the impacts we observed in the previous analysis.  

 

Starting with the business income, we only observe a significant impact for the Chuquisaca region. 

This is well in line with the results we found in the earlier section. The average households share of 

income generated by the household business increase by about 20%. In addition, we observe a similar 
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decrease in the agricultural income in the Chuquisaca region of about 18%. It therefore suggest that 

a loan from the MFI under study finances an income shift from agriculture towards business in the 

Chuquisaca region. As the region is known as dryer and in general less suitable for cultivation of 

crops, it might seem logical that households attempt to direct their attention to other sources of 

income. For agricultural income we also find a significant decrease overall of about 14%, which can 

be said to be mainly driven by the result from the Chuquisaca region. However, it would not come as 

a surprise as we earlier also documented a significant decrease in the agricultural for the overall 

sample, which is again reflected here, in a decrease in the share of income generated by the 

household’s agricultural activities. Regarding other income, we observe no significant results, 

although we observe coefficient which are generally in line with outcome we found for other income 

in the previous section. That is, a positive coefficient for the Yungas region, and a negative coefficient 

for the Chuquisaca region.  

Table 13: Income distribution results 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

VARIABLES % 

business 

income  

% 

business 

income: 

Yungas 

% business 

income: 

Chuquisaca 

% 

agricultural 

income  

% 

agricultural 

income: 

Yungas 

% 

agricultural 

income: 

Chuquisaca 

% other 

income  

% other 

income: 

Yungas 

% other 

income: 

Chuquisaca 

          

Take up 7.948* 10.465 -9.997** 6.268 2.507 10.167* -14.215** -12.972 -0.170 

 (4.387) (6.783) (4.989) (5.277) (8.194) (5.963) (6.511) (9.693) (6.821) 

Access 11.896 7.347 22.077 -1.629 -18.514 6.883 -10.267 11.167 -28.960*** 

 (13.366) (10.994) (14.473) (11.557) (13.810) (10.073) (19.801) (11.612) (10.771) 

Take up*Access 4.833 -5.697 20.046*** -13.550** -5.262 -18.142*** 8.716 10.960 -1.903 

 (4.520) (6.479) (5.061) (5.346) (9.105) (5.686) (6.122) (9.976) (6.503) 

Constant 10.266 5.666 39.136*** 33.272*** 35.113** 1.259 56.462*** 59.221*** 59.605*** 

 (7.680) (11.072) (10.485) (10.238) (15.252) (11.372) (11.820) (16.411) (13.230) 

          

Observations 1,994 990 1,004 1,994 990 1,004 1,994 990 1,004 

Effect size 0.150 -0.178 0.620 -0.364 -0.134 -0.529 0.222 0.278 -0.050 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. % business income is calculated as the % of total 

income that originates from the business activities of the household. % agricultural income is calculated as the % of total 

income that originates from the agricultural activities of the household. % other income is calculated as the % of total income 

that originates from other income activities of the household. The three income components all add up to 1. All variables 

have been winsor transformed to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take 

up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

3.6 Discussion and conclusion 

In this chapter, we measured the impact of loans provided by the MFI under study, a Bolivian non-

profit organization in the process of becoming a non-bank financial institution. The aim was to 

describe the changes in wellbeing that could be attributed to receiving a loan from this MFI.  

 



525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen
Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018 PDF page: 94PDF page: 94PDF page: 94PDF page: 94

THE IMPACT OF MICROCREDIT  

 

 

88 

 

 

We measure the impact of the loans, by comparing existing borrowers with (possible) future 

borrowers, as randomization was not possible. The methodology applied in this chapter follows and 

extends Coleman (1999). It basically comes down to estimating a diff-in-diff model in space rather 

than in time, to reduce potential self-selection and program placement biases. Using this approach, 

we assessed the impact of credit on a broad range of outcome variables. However, unlike Coleman, 

we were faced with the challenge of having to forecast future borrowers, as we had no certain 

expansion plans, and it is therefore currently unknown who will become a future borrower. We 

identified areas which could be targeted for a future expansion, based on the existing branches of 

Coroico and San Lucas, located in the Yungas region and Chuquisaca region respectively. The new 

branches would open close to these existing branches in Chulumani and Irupana for the Coroico 

branch, and in Villa Charcas and Camargo for the San Lucas branch. 

 

We conducted our analysis based on the full sample, as well as for the each of the region separately. 

That is, we first pooled together all households from both expansion vectors in the Yungas and 

Chuquisaca region. Our results of the household analysis, reveals no or even negative impact of 

having a loan from the MFI under study. We observe a negative effect on the agricultural sales, 

amounting to about a 29 USD on a monthly basis. We furthermore observe a decrease in the 

household’s share of agricultural income of 14 percentage points. 

 

We took the additional step, and analysed each of the two regions in our study separately. Here the 

results started to differ from the overall analysis, and we observed significant differences between the 

two regions. Additional to our regular analysis, we also analysed subsamples of households who had 

a non-zero value of the outcome in question, That is, for business revenues, agricultural income, and 

other income, we analysed the subsample of households that had non-zero outcomes for each of these 

outcomes, respectively, denoting it as the ‘intensive margin’.  

 

In the Yungas region, we found overall no impacts of being a Sartawi member, with the exception of 

the category, other income. For other income, which is comprised by salaried labour, remittances and 

other government transfers, we documented an increase of 552 bolivianos on a monthly basis, which 

amounts to about 80 USD monthly. For the Chuquisaca region, the story was different. While we did 

not observe a significant impact on the total monthly income, we observed impacts on both business 

revenues and agricultural sales. We first observed a significant increase in the total loans outstanding 

of 4,018 bolivianos (580 USD). This was followed by a significant increase in business revenues of 
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585 bolivianos for the regular sample, and an increase of 2,587 bolivianos for the subsample of 

households who had indicated to have a household business. In dollar terms, this amounts to 85 and 

374 dollars for the two samples. As robustness and to account for the potential noisy underlying data, 

we conducted the analysis restricting the sample to only include households with business revenues 

less than three standard deviations away from the mean. The estimated impact for the regular sample 

remains significant with a coefficient of 307 (44USD), and the impact for the subsample of 

households who had indicated to have a household business turns insignificant with a coefficient of 

973 (135USD). For the agricultural sales, we found similar results to the overall sample, namely a 

negative impact of -250 and -244 bolivianos (36 and 35 USD) for the regular and intensive margin 

respectively. The results for other income revealed a similar impact to the agricultural sales. A 

negative impact of 370 bolivianos or 53 USD was found for the regular sample, whereas a negative 

impact of 436 bolivianos or 63 USD was found for the subsample of household with  non-zero other 

income.   

 

The results observed here, follow the general idea outlined earlier in this chapter. In Yungas, we 

observe that households, although obtaining a loan from the MFI under study, do not significantly 

increase their outstanding debt, thus indicating that at least part of the loan proceeding are spent 

paying off other debt. It can therefore be expected that little to no impact is to be observe, which is 

what we observe here. In the Yungas region, and especially near the Coroico area, there is a large 

presence of microfinance, making an additional loan have less impact, following a diminishing 

marginal increase. Households are thereby also more likely to be less credit constrained and have a 

better ability to borrow when the opportunities are many. More household could therefore be in the 

situation where new debt are taken on only to be able to pay off other outstanding debt, thereby 

resulting in little or no impact of the additional loan on the outcomes of interest. This potential 

substitution between loans raises the issues of additionality and the screening process of the MFI 

under study. How can the MFI under study ensure that the loans they provide are spend on their 

intended (productive) purpose, and not (partially) spend on reducing other outstanding debt the 

household might have. This calls for a more thorough screening ex ante, and a follow up after the 

loan has been disbursed. When the loan recipient is surveyed about how the loan proceedings are 

spend, he or she is inclined to provide the social desirable answer. Hence, not stating that the loan 

will be spend to pay off other outstanding debt, but rather spend in a productive manner. Additional 

research would benefit from investigating the extent of such potential social desirability bias.   
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Looking at the results for the Chuquisaca region, we see a different picture. First of all, there is a 

significant increase in the outstanding debt, signalling that at least not a large part of the loan 

proceedings might be spent paying of other outstanding debt. This makes the household able to invest 

into either the household business, farming activities or both. In the case of Chuquisaca, we are in an 

area much drier than the Yungas region, having a poorer population, and overall being less suitable 

for cultivating land. Households are therefore likely to attempt to reduce their agricultural activities, 

and substitute it with other business activities, as we observe here. It could therefore be that the loans 

provided by the MFI under study at least to some extent financed a shift in income generating 

activities away from agriculture into other income sources, such as a household business. This 

suggesting is backed up by our results concerning the income distribution of the household’s along 

with the previously results on the household business and agricultural activities. We observe a shift 

in the income from agriculture towards business of a good 20 percentage points in the Chuquisaca 

region. Additionally, the reduction in income generated from agricultural activities is also found for 

the overall sample, showing a reduction of about 14 percentage points. 

 

Microcredit might mainly affect long-run welfare through productive investments, and therefore 

impacts will take time to materialize, but if a substantial part of the loan proceeds is not spent towards 

its intended purpose, then less or no impacts should be expected. Despite having a relatively dense 

credit market with plenty of loan opportunities overall, there are some major differences to be found 

across different regions. The opportunities for borrowing are fewer in the Chuquisaca region 

compared to the Yungas region, and we observe from our results that households seems to spend a 

significant amount of their loan proceedings possibly paying off other outstanding debt, rather than 

spending these towards productive investments in either the farming and/or households business. 

Another important difference between the two regions also comes into play as we look at the results 

of our analysis. Whereas the climate in the Yungas region is more inviting for agricultural activities, 

the climate in the Chuquisaca region is characterised by being drier and less inviting for agricultural 

activities. It therefore makes sense to see that farming activities are substituted by other business 

activities, as we observe with a negative impact on agricultural outcomes, with a corresponding 

increase in the household business outcomes. Despite observing impacts on each of three pillars 

constituting total income, the results have not yet translated into an increase in the total household 

income. Nevertheless, the results observed for the Chuquisaca region seem to be overall positive for 

the households, whereas the results for the Yungas region show little to no impact.  
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We made a first attempt of estimating the impact of microcredit loans using the double difference in 

space where we predict borrowers in both the active area, and the expansion area. Future research 

should investigate further the sensitivity of such estimation methods.  
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Appendix  

Table A1: Variable description 

Variable name Description  

 
   

Have a loan, but not from MFI under study 

(1=yes) 

A dummy variable taking the value 1 if the household has a loan which 

is not from the MFI under study, and 0 otherwise. 

 

   

Distance to market (min) How long does it take you to get to the nearest market/trading centre.  

   

#Household members Number of household members.  

   

Dependency ratio Dependency ratio is calculated as the sum of household members under 

16 and over 65 divided by the total number of household members. 

 

   

Gender of household head (1=female) A dummy variable taking the value 1 if the household head is female, 

and 0 otherwise. 

 

   

Gender ratio The gender ratio is the share of females in the working age in the 

household. 

 

   

Age of household head Age of the household head in years.  

   

Education of household head (years) Years of completed education by the household head.  

   

Household asset index The asset index construction follows Anderson (2008), and is 

comprises of household asset. 

 

   

Own home (1=yes) A dummy variable taking the value 1 if the household owns the house 

they are living in. 

 

   

Risk game (1=played) The risk game is a measure of risk aversion, and is 1 if the respondent 

decided to pay the game, and 0 otherwise 

 

   

Number of MFIs known The number of MFIs the respondent knows.  

   

Had shock (1=yes) A dummy variable taking the value 1 if any household member had 

experienced a shock during the last 12 months.  

 

   

Chuquisaca region (1=yes) A dummy variable taking the value 1 if the household is located in the 

Chuquisaca region, and 0 otherwise 

 

   

Notes: This table provides the name and definition of the variables used for predicting take up of loans from the MFI 

under study, as well as for the main outcome equation.  
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Note: The area under the ROC curve measures discrimination, that is, the ability of the test 

to correctly classify those with and without a loan from the MFI under study.  

 
Figure A1: ROC curve – overall sample 
 

 

Note: The area under the ROC curve measures discrimination, that is, the ability of the test 

to correctly classify those with and without a loan from the MFI under study.  

 
Figure A2: ROC curve – Yungas region 
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Note: The area under the ROC curve measures discrimination, that is, the ability of the test to correctly 

classify those with and without a loan from the MFI under study.  

 
Figure A3: ROC curve – Chuquisaca region 
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Figure A4, A5 and A6 below, present the sensitivity/specificity graph. For each point on this curve, 

the Youden index is calculated from which the optimal cut-off point can be chosen. Formulas used 

to calculate sensitivity, specificity and Youden’s index is shown below: 

 

Sensitivity = true positives / (true positives + false negatives) 

Specificity = true negatives / (true negatives + false positives) 

Youden index: Sensitivity + Specificity -1 
 

 

Note: Rather than using the intersection of the sensitivity and specificity curves as the optimal cut-off 

point, we have calculated Yuden’s Index. However, the difference between the two suggested cut-off 

points is only minor. The optimal cut-off points determined by the intersection of the sensitivity and 

specificity curves is 0.3237, and the optimal cut-off point determined using Yuden’s Index is 0. 2825.  

 
Figure A4: Sensitivity/Specificity graph – overall sample 
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Note: Rather than using the intersection of the sensitivity and specificity curves as the optimal 

cut-off point, we have calculated Yuden’s Index. However, the difference between the two 

suggested cut-off points is only minor. The optimal cut-off points determined by the 

intersection of the sensitivity and specificity curves is 0.3915, and the optimal cut-off point 

determined using Yuden’s Index is 0. 4051.  

 
Figure A5: Sensitivity/Specificity graph – overall sample 
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Note: Rather than using the intersection of the sensitivity and specificity curves as the optimal cut-off 

point, we have calculated Yuden’s Index. However, the difference between the two suggested cut-off 

points is only minor. The optimal cut-off points determined by the intersection of the sensitivity and 

specificity curves is 0.2802, and the optimal cut-off point determined using Yuden’s Index is 0. 2802.  

 
Figure A6: Sensitivity/Specificity graph – overall sample 
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Table A2: Prediction model for business revenues 
 (1) (2) (3) 

VARIABLES  Loan uptake (Overall) Loan uptake  

(Yungas region) 

Loan uptake  

(Chuquisaca region) 

    

Have another loan (1=yes) -1.110* 0.143 - 

 (0.620) (0.882)  

Distance to market (min) -0.003 -0.019*** 0.004 

 (0.004) (0.008) (0.006) 

#Household members 0.269*** 0.190 0.263* 

 (0.086) (0.132) (0.154) 

Dependency ratio -0.666 -1.119 -0.758 

 (1.010) (2.521) (1.289) 

Gender of household head (1=female) -0.133 -0.389 -0.320 

 (0.641) (0.918) (0.467) 

Gender ratio -0.492 0.787 -3.824*** 

 (1.642) (2.550) (1.360) 

Age of household head -0.070*** -0.102*** -0.012 

 (0.020) (0.032) (0.023) 

Education of household head (years) -0.186*** -0.241*** -0.236** 

 (0.061) (0.081) (0.114) 

Household asset index 0.560** 0.144 0.555 

 (0.235) (0.372) (0.381) 

Own home (1=yes) -0.804 0.066 -2.260 

 (0.590) (0.673) (1.572) 

Risk game (1=played) 0.783* 0.722 0.762 

 (0.470) (0.866) (0.635) 

Number of MFIs known 0.144 -0.027 0.521 

 (0.167) (0.185) (0.369) 

Had shock -0.127 0.240 -0.481 

 (0.444) (0.767) (0.817) 

Chuquisaca region (1=yes) -18.168*** - - 

 (1.373)   

Constant 21.353*** 22.679*** 2.562* 

 (2.021) (3.277) (1.490) 

    

Observations 240 113 101 

Area under ROC-curve 0.8280 0.8529 0.8304 

Optimal cut-off 0.4106 0.4908 0.3860 

Notes: The columns present the odds ratio estimate of the logit model used to predict the composition of the borrowers 

and non-borrowers in the expansion areas. Sample only include households that have indicated to have a household 

business. Column 1 is all households from the areas where the MFI is currently active (Coroico and San Lucas). 

Column 2 and 3 include all households from the Yungas and Chuquisaca region respectively.  Community dummies 

are omitted from the output. Optimal cut-off is determined based on Youden’s index (1950). Clustered standard errors 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen525243-L-bw-Eriksen
Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018Processed on: 19-10-2018 PDF page: 105PDF page: 105PDF page: 105PDF page: 105

 

 

IMPACT EVALUATIONS, BIAS, AND BIAS REDUCTION 

 

 

 

99 

 

 

Table A3: Prediction model for agriculture 
 (1) (2) (3) 

VARIABLES  Loan uptake (Overall) Loan uptake  

(Yungas region) 

Loan uptake  

(Chuquisaca region) 

    

Have another loan (1=yes) -0.502 0.095 -2.241*** 

 (0.335) (0.410) (0.763) 

Distance to market (min) -0.003 -0.009** -0.001 

 (0.002) (0.004) (0.002) 

#Household members 0.202*** 0.128 0.235*** 

 (0.051) (0.084) (0.060) 

Dependency ratio -1.216** -0.349 -1.970*** 

 (0.544) (1.030) (0.586) 

Gender of household head (1=female) 0.678** 0.973** -0.229 

 (0.315) (0.408) (0.532) 

Gender ratio -1.081 -0.360 -2.147* 

 (0.909) (1.398) (1.119) 

Age of household head -0.032*** -0.042*** -0.020 

 (0.008) (0.012) (0.012) 

Education of household head (years) -0.042 -0.030 -0.072 

 (0.033) (0.035) (0.067) 

Household asset index 0.182 -0.121 0.292 

 (0.117) (0.142) (0.186) 

Own home (1=yes) -0.827*** -0.687* -1.252** 

 (0.296) (0.411) (0.559) 

Risk game (1=played) 0.295* 0.166 0.401 

 (0.173) (0.265) (0.257) 

Number of MFIs known 0.301*** 0.300*** 0.367*** 

 (0.077) (0.112) (0.104) 

Had shock -0.215 -0.043 -0.463* 

 (0.186) (0.282) (0.239) 

Chuquisaca region (1=yes) -1.007*** - - 

 (0.340)   

Constant 2.460*** 2.215* 1.655 

 (0.932) (1.314) (1.199) 

    

Observations 861 394 467 

Area under ROC-curve 0.8044 0.8101 0.8175 

Optimal cut-off 0.2887 0.3698 0.2787 

Notes: The columns present the odds ratio estimate of the logit model used to predict the composition of the 

borrowers and non-borrowers in the expansion areas. Sample only include households that have indicated to have 

agricultural activities. Column 1 is all households from the areas where the MFI is currently active (Coroico and 

San Lucas). Column 2 and 3 include all households from the Yungas and Chuquisaca region respectively.  

Community dummies are omitted from the output. Optimal cut-off is determined based on Youden’s index (1950). 

Clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table A4: Prediction model for other income 
 (1) (2) (3) 

VARIABLES  Loan uptake (Overall) Loan uptake  

(Yungas region) 

Loan uptake  

(Chuquisaca region) 

    

Have another loan (1=yes) -0.448 0.076 -2.299** 

 (0.283) (0.311) (0.960) 

Distance to market (min) -0.003 -0.008** -0.001 

 (0.002) (0.004) (0.003) 

#Household members 0.183*** 0.069 0.251*** 

 (0.049) (0.075) (0.067) 

Dependency ratio -1.305*** -0.662 -1.981*** 

 (0.476) (0.715) (0.640) 

Gender of household head (1=female) 0.399 0.386 0.106 

 (0.278) (0.350) (0.530) 

Gender ratio -1.559* -0.796 -2.762** 

 (0.808) (1.046) (1.218) 

Age of household head -0.039*** -0.052*** -0.021* 

 (0.007) (0.009) (0.012) 

Education of household head (years) -0.029 -0.023 -0.053 

 (0.031) (0.039) (0.058) 

Household asset index 0.152 -0.035 0.255 

 (0.111) (0.131) (0.184) 

Own home (1=yes) -0.552* -0.310 -1.094 

 (0.303) (0.414) (0.727) 

Risk game (1=played) 0.269 0.134 0.357 

 (0.193) (0.288) (0.276) 

Number of MFIs known 0.288*** 0.255*** 0.370*** 

 (0.070) (0.094) (0.094) 

Had shock -0.190 0.185 -0.558** 

 (0.184) (0.256) (0.264) 

Chuquisaca region (1=yes) -1.782***   

 (0.319)   

Constant 3.240*** 3.549*** 1.414 

 (0.773) (0.879) (1.160) 

    

Observations 871 417 454 

Area under ROC-curve 0.8105 0.8098 0.8227 

Optimal cut-off 0.3359 0.4545 0.2686 

Notes: The columns present the odds ratio estimate of the logit model used to predict the composition of the borrowers and 

non-borrowers in the expansion areas. Sample only includes households that have any other income than business and 

agriculture, such as salaried labour, remittances and government transfers. Column 1 is all households from the areas where 

the MFI is currently active (Coroico and San Lucas). Column 2 and 3 includes all households from the Yungas and Chuquisaca 

region respectively.  Community dummies are omitted from the output. Optimal cut-off is determined based on Youden’s index 

(1950). Clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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An alternative method – Propensity Score Matching 

One of the most widely used methods for estimating program impacts, are methods which relies on 

unconfoundedness (Imbens and Wooldridge, 2009).34 One of such techniques is propensity score 

matching (PSM). In this section, we present PSM as an alternative technique to measure the impact 

of loans from the MFI under study, discuss the assumptions behind PSM, and argue why the Coleman 

inspired method presented earlier is preferred.  

 

When estimating program impacts, two parameters are considered. The population average treatment 

effect (ATE), and the average treatment effect on the treated (ATT). The ATE answers the question: 

“What is the expected effect on the outcome in question if households in the population were 

randomly assigned to a loan”. This estimate is often not relevant to policy makers as it includes the 

effect on households for whom the intervention was not intended for. In our application, loans from 

the MFI under study are targeted at poor households, not millionaires. For this reason, the ATT is 

more appealing, as it focuses plainly on the effects on the households for whom the loans are actually 

meant for.  

 

The key assumption for identification of the PSM estimator, is unconfoundedness, which was 

introduced by Rosenbaum and Rubin (1983b). Unconfoundedness assumes that we have a set of 

(observable) covariates, such that controlling for differences in these leads to valid estimates of causal 

effects. That is, outside the observed covariates there are no unobserved covariates of the households 

associated with both the treatment and possible outcomes. Furthermore, Imbens (2004) show that if 

potential outcomes are independent conditional on the set of covariates, they are also independent of 

treatment conditional on the propensity score, i.e. the probability of a household to have a loan.  That 

is, under unconfoundedness, all biases due to observable covariates can be removed by conditioning 

on the propensity score. Estimating the propensity score be conducted via estimation of a discrete 

choice model such as logit (similar to the prediction of future clients for the Difference-in-Difference 

model).  

 

An additional assumption besides unconfoundedness is the common support or overlap assumption. 

The ATT, which we are interested in estimating, is only defined within the regions of common 

support, and a violation of this condition is a major source of bias (Heckman et al.,1997a). This 

condition implies, that the distribution of the propensity score for the control group completely 

                                                   
34 This assumption can also be referred to as selection on observables (Heckman and Robb, 1985), or conditional independence 

assumption (CIA) (Lechner, 1999). We will use these terms interchangeably in this thesis. 
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overlap that of the treatment group. It ensures that households with the same propensity score, as 

estimated through the logit model, have a probability greater than 0 of being either control or 

treatment. In other words, applying the common support condition makes us certain that any 

combination of observed characteristics found in the treatment group also can be found in the control 

group (Bryson et al., 2002).35 Hence, we are trying to avoid comparing the incomparable, by omitting 

the subset of the control group which is not comparable to the treatment group. Together with 

unconfoundedness, the PSM estimator is basically the mean difference in outcomes over the 

identified common support, where observations are weighted by the propensity score distribution.   

 

As specified above, the matching strategy (or more specifically for our application, the PSM strategy) 

builds on the CIA, which requires that the outcome variable(s) has to be independent of the treatment 

indicator given the propensity score. Hence, implementing matching necessitates selecting a set of 

covariates that satisfy this condition. Omitting important variables would cause a serious bias in the 

estimated treatment effect Dehejia and Wahba (1999). It should therefore be obvious that only 

exogenous variables should be included, and these variables should simultaneously influence the 

outcome variable and the treatment indicator. In our application, we applied the same set of covariates 

to estimate the propensity score, as when we estimated our prediction model for the diff-in-diff model 

(see section 4.1). Applying the same set of covariates makes us able to better compare the two 

methods, and justify our choice. In fact, the approach is identical to our difference-in-difference 

approach in the first step, in that we are estimating the propensity score i.e. the probability of 

treatment (having a loan from the MFI under study). Hence, for both methods, we use the sample of 

all households in the area where the MFI is currently active. The differences between the two 

approaches lies in the steps to follow. Contrary to the difference-in-difference approach we are not 

going to classify households into 0s and 1s. Instead, we are going to match the households who are 

currently active borrowers with households in the expansion area based on their propensity scores. It 

is clear that the better matches for the active borrowers are to be found in the expansion area. Besides, 

we are not interested in matching the current active borrowers with the currently non-borrowers. For 

those reasons, we only consider the sample of current borrowers, and the households from the 

expansion areas when matching.       

 

Upon estimating the propensity score, and restricting the sample to only include observations on the 

common support, we have to decide on what matching algorithm to apply when estimating the ATT. 

                                                   
35 For the ATT, which we are interested in, this is enough to ensure the existence of potential matches in the control group, whereas 

for the ATE, we would have required the reverse to hold. That is, the combination of characteristics in the control group also can be 

observed in the treatment group (Caliendo and Kopeinig, 2008)  
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For our application, a kernel matching technique has been used.36 It is a nonparametric matching 

estimator which uses the weighted average of the observations in the control group. It thus has the 

advantage that it achieves a lower variance due to the increased amount of information it uses. The 

only drawback is that it then possible uses observations which are bad matches. When applying kernel 

matching we would have to choose the kernel function and the bandwidth parameter; the first one 

being unimportant in practice (DiNardo and Tobias, 2001). The second choice, however, presents 

itself with a trade-off. A high bandwidth parameter would lead to a lower variance between the 

estimated and true underlying density function. On the other hand, you risk that some underlying 

features may be smoothed away, and thus lead to a biased estimate. For our application, the 

epanechnikov kernel function with a bandwidth of 0.06 is chosen. The bandwidth of 0.06 is a 

somewhat low bandwidth, as thus we are going for the least possible bias. Lastly, like with our 

difference-in-difference approach, we bootstrap the standard errors. We perform 1,000 replications, 

and we furthermore cluster the standard errors by communities to control for intraclass correlation 

between the communities. 

 

After the matching is done, we can assess whether the common support condition holds, and quality 

of our matches. The former is the easiest to check, as simply inspecting the distribution plot of the 

propensity scores would suffice (Lechner, 2001b). We have included a graph of the common support 

in the appendix, and a quick inspection indicates no violation of the common support condition. 

Checking the quality of our matches difficult. Various approaches have been suggested, and common 

for them all is that it comes down to comparing the situation before and after the matching, and check 

if any differences remain after conditioning on the propensity score (Caliendo et al, 2008). One way 

of checking this is by using the standardized bias as suggested by Rosenbaum and Rubin (1985). The 

problem with this approach is that it does not have a clear indication for the success of the applying 

matching procedure. However, most empirical studies see a standardized bias below 5% as sufficient 

(Caliendo et al, 2008). In our application, we find the majority of the standardized bias to be below 

5%, with only a few above the 5%, thus indicating a good matching quality.37 All the PSM results 

can be found in the appendix.  

 

We have provided a detailed explanation of the PSM that we implemented next to our difference-in-

difference approach explained in the first part of this section. However, in terms of the main results 

for this study, we choose to apply the difference-in-difference method. The main reason for that lies 

                                                   
36 Asymptotically, all the PSM estimators would give the same results, as with a larger sample they all become closer at only 

comparing exact matches (Smith, 2000). 
37 The standardized biases are available upon request. 
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in the assumptions underlying the PSM approach, namely the unconfoundedness assumption. As 

explained earlier, the assumption states that once we control for all our observable characteristics, no 

unobserved characteristics influences both the treatment and possible outcome. However, there is 

reason to believe that the assumption of unconfoundedness is not satisfied, or to the very least, that 

the assumptions underlying our difference-in-difference methodology are more plausible. Under the 

unconfoundedness assumption, we are basically believing that once we control for our observables, 

that there are no (relevant) unobserved differences between the households who are active borrowers, 

and the households in the expansion areas. Yet, it is very likely that the areas are different from each 

other in some aspects, whether it is physical, economic or social environment. In other words, 

program placement bias is likely to still be present. When we apply the difference-in-difference 

methodology, we control for program placement bias, through the differencing that takes place. The 

first ‘difference’, takes the difference between the predicted borrowers and non-borrowers in the 

active and expansion area, respectively. The second ‘difference’ in then between the two areas.38 We 

therefore suspect that the PSM results are subject to bias, which the difference-in-difference to a 

better extent migrate.  

 

 

 
Figure A7: Common support graph: Full sample 
 

                                                   
38 The idea can be displayed in figure 2 as: (A – B ) – (C – D). 
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Figure A8: Common support graph: Yungas 

 
 

 
Figure A9: Common support graph: Chuquisaca 
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Table A5: Total loans outstanding and income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total loans 

outstanding  

Total loans 

outstanding: 

Yungas 

Total loans 

outstanding: 

Chuquisaca 

Total monthly 

income 

Total monthly 

income: 

Yungas 

Total monthly 

income: 

Chuquisaca 

       

ATT 12,135.46*** 18,149.62*** 4,882.13*** 325.83 651.91** -279.60 

 (2,113.40) (2,095.29) (1,765.01) (226.17) (303.14) (349.33) 

       

Observations 1,312 690 622 1,312 690 622 

Notes: Outcome variables are matched using the kernel matching technique. The underlying kernel function is an 

epanechnikov kernel with a bandwidth of 0.06. The sample includes all households from the current area where the MFI 

under study is active, and the expansion areas, for either both regions or each region separately. The sample is limited to all 

households on the common support as explained in the appendix. Total income includes: Business revenues, agricultural 

income, and other income, where other income is constituted of salaried labor, remittances, and other transfers. All monetary 

values are expressed in bolivianos. All variables have been winsor transformed to avoid extreme outliers. Bootstrapped 

standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

Table A6: Business revenues results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

business 

revenues 

Total monthly 

business 

revenues: 

Yungas 

Total monthly 

business 

revenues: 

Chuquisaca 

Total monthly 

business 

revenues 

(”Intensive 

margin”) 

Total monthly 

business 

revenues: 

Yungas 

(”Intensive 

margin”) 

Total monthly 

business 

revenues: 

Chuquisaca 

(”Intensive 

margin”) 

       

ATT 374.47* 298.25 473.92 143.05 286.16 766.28 

 (194.70) (253.80) (330.29) (502.95) (383.91) (883.02) 

       

Observations 1,312 690 622 337 157 114 

Notes: Outcome variables are matched using the kernel matching technique. The underlying kernel function is an 

epanechnikov kernel with a bandwidth of 0.06. The sample includes all households from the current area where the MFI 

under study is active, and the expansion areas, for either both regions or each region separately. The sample is limited to all 

households on the common support as explained in the appendix. Column (4)-(6) presents the results limiting the sample to 

households that have indicated to have a business. All monetary values are expressed in bolivianos. All variables have been 

winsor transformed to avoid extreme outliers. Bootstrapped standard errors with 1,000 replications in parentheses. *** 

p<0.01, ** p<0.05, * p<0.1 

 

Table A7: Agricultural sales results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

agricultural 

sales 

Total monthly 

agricultural 

sales: Yungas 

Total monthly 

agricultural 

sales: 

Chuquisaca 

Total monthly 

agricultural 

sales 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: Yungas 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: 

Chuquisaca 

(”Intensive 

margin”) 

       

ATT -203.39*** -104.76* -401.05*** -175.88*** -40.66 -461.17*** 

 (51.85) (59.15) (84.33) (54.02) (62.19) (87.38) 

       

Observations 1,312 690 622 1,189 628 561 

Notes: Outcome variables are matched using the kernel matching technique. The underlying kernel function is an 

epanechnikov kernel with a bandwidth of 0.06. The sample includes all households from the current area where the MFI 

under study is active, and the expansion areas, for either both regions or each region separately. The sample is limited to all 

households on the common support as explained in the appendix. Column (4)-(6) presents the results limiting the sample to 

households that have indicated to engage in agricultural activities. All monetary values are expressed in bolivianos. All 

variables have been winsor transformed to avoid extreme outliers. Bootstrapped standard errors with 1,000 replications in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table A8: Other income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

other income 

Total monthly 

other income: 

Yungas 

Total monthly 

other income: 

Chuquisaca 

Total monthly 

other income 

(”Intensive 

margin”) 

Total monthly 

other income: 

Yungas 

(”Intensive 

margin”) 

Total monthly 

other income: 

Chuquisaca 

(”Intensive 

margin”) 

       

ATT 154.75* 458.42*** -352.48*** 95.99 401.79 -380.10*** 

 (86.40) (108.56) (128.46) (97.47) (111.13) (129.05) 

       

Observations 1,312 690 622 1,120 546 574 

Notes: Outcome variables are matched using the kernel matching technique. The underlying kernel function is an epanechnikov 

kernel with a bandwidth of 0.06. The sample includes all households from the current area where the MFI under study is active, and 

the expansion areas, for either both regions or each region separately. The sample is limited to all households on the common support 

as explained in appendix 4. Column (4)-(6) presents the results limiting the sample to households that have indicated any other 

income. Other income is constituted of salaried labor, remittances, and other transfers. All monetary values are expressed in 

bolivianos. All variables have been winsor transformed to avoid extreme outliers. Bootstrapped standard errors with 1,000 

replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

Table A9: Income distribution results 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

VARIABLES % 

business 

income  

% 

business 

income: 

Yungas 

% business 

income: 

Chuquisaca 

% 

agricultural 

income  

% 

agricultural 

income: 

Yungas 

% 

agricultural 

income: 

Chuquisaca 

% other 

income  

% other 

income: 

Yungas 

% other 

income: 

Chuquisaca 

          

ATT 10.93*** 10.39*** 16.52*** -12.02*** -15.42*** -14.22*** 1.09 5.04 -2.30 

 (3.03) (3.58) (4.74) (3.77) (4.91) (5.00) (2.84) (3.42) (5.34) 

          

Observations 1,304 686 618 1,304 686 618 1,304 686 618 

Notes: Outcome variables are matched using the kernel matching technique. The underlying kernel function is an 

epanechnikov kernel with a bandwidth of 0.06. The sample includes all households from the current area where the MFI 

under study is active, and the expansion areas, for either both regions or each region separately. The sample is limited to 

all households on the common support as explained in the appendix. % business income is calculated as the % of total 

income that originates from the business activities of the household. % agricultural income is calculated as the % of total 

income that originates from the agricultural activities of the household. % other income is calculated as the % of total 

income that originates from other income activities of the household. The three income components all add up to 1. All 

variables have been winsor transformed to avoid extreme outliers. Bootstrapped standard errors with 1,000 replications 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Results without controls 

Table A10: Total loans outstanding results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total loans 

outstanding  

Total loans 

outstanding: 

Yungas 

Total loans 

outstanding: 

Chuquisaca 

Total monthly 

income 

Total monthly 

income: 

Yungas 

Total monthly 

income: 

Chuquisaca 

       

Take up 8,936.074*** 10,450.466*** -3,857.526 864.709*** 438.768 760.126* 

 (2,384.732) (3,644.711) (3,943.987) (227.750) (434.943) (421.808) 

Access 6,070.202*** 13,441.205*** -3,298.548 127.079 403.963 -528.841* 

 (2,312.385) (3,980.336) (2,663.870) (236.127) (443.620) (270.380) 

Take up*Access -1,022.868 -3,020.066 4,024.277 -179.584 -152.157 -67.946 

 (2,687.665) (4,275.851) (3,600.361) (276.185) (510.419) (431.071) 

Constant 2,231.714 3,073.469 7,815.860*** 1,079.408*** 1,284.500*** 1,547.815*** 

 (2,044.793) (3,565.712) (3,023.949) (212.562) (403.393) (280.665) 

       

Observations 1,994 990 1,004 1,994 990 1,004 

Effect size -0.046 -0.120 0.238 -0.072 -0.057 -0.029 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. Total income includes: Business revenues, agricultural income, and other income, where other income 

is constituted of salaried labor, remittances, and other transfers.  All monetary values are expressed in bolivianos. All variables 

have been winsor transformed to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take 

up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

 

Table A11: Business revenues results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

business 

revenues 

Total monthly 

business 

revenues: 

Yungas 

Total monthly 

business 

revenues: 

Chuquisaca 

Total monthly 

business 

revenues 

(”Intensive 

margin”) 

Total monthly 

business 

revenues: 

Yungas 

(”Intensive 

margin”)1 

Total monthly 

business 

revenues: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 606.640*** 278.884 235.880 929.422 -1,709.420 100.973 

 (179.526) (453.440) (301.622) (643.539) (2,611.618) (1,318.952) 

Access 190.482 161.981 -252.569 -486.611 -2,317.833 -1,040.595 

 (185.377) (449.686) (195.246) (561.149) (2,544.503) (996.998) 

Take up*Access -116.578 -86.515 445.017 194.506 1,842.959 1,674.901 

 (224.925) (515.506) (345.734) (775.081) (2,646.300) (1,414.380) 

Constant 209.655 476.714 562.943*** 2,275.441*** 5,026.500** 1,992.857** 

 (161.576) (403.938) (199.547) (473.413) (2,508.192) (982.267) 

       

Observations 1,994 990 1,004 513 235 278 

Effect size -0.052 -0.035 0.225 0.051 0.424 0.513 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. Column (4)-(6) presents the results limiting the sample to households that have indicated to have a 

business. All monetary values are expressed in bolivianos. All variables have been winsor transformed to avoid extreme 

outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the relative strength 

of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
1) For the subsample in the Yungas region, some of the community dummies are omitted due to perfect collinearity 

(community 1, 2, 13, 15, 22 and 23).  
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Table A12: Agricultural sales results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

agricultural 

sales 

Total monthly 

agricultural 

sales: Yungas 

Total monthly 

agricultural 

sales: 

Chuquisaca 

Total monthly 

agricultural 

sales 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: Yungas 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 130.700** 8.424 189.495 139.970* -0.055 188.186 

 (66.167) (83.426) (115.539) (74.425) (96.344) (125.245) 

Access -135.979** -62.748 -250.343*** -125.789* 22.506 -300.839*** 

 (63.013) (82.732) (76.197) (72.903) (87.531) (80.486) 

Take up*Access -77.932 -61.589 -208.901* -80.107 -99.275 -185.287 

 (76.854) (99.198) (120.740) (88.400) (106.266) (130.789) 

Constant 391.206*** 471.136*** 434.965*** 422.051*** 505.206*** 489.380*** 

 (59.762) (67.458) (73.476) (66.829) (77.031) (78.412) 

       

Observations 1,994 990 1,004 1,788 866 922 

Effect size -0.141 -0.117 -0.363 -0.141 -0.186 -0.314 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. Column (4)-(6) presents the results limiting the sample to households that have indicated to engage 

in agricultural activities. All monetary values are expressed in bolivianos. All variables have been winsor transformed to 

avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the 

relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1 

 

Table A13: Other income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

other income 

Total monthly 

other income: 

Yungas 

Total monthly 

other income: 

Chuquisaca 

Total monthly 

other income 

(”Intensive 

margin”) 

Total monthly 

other income: 

Yungas 

(”Intensive 

margin”) 

Total monthly 

other income: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 127.370 151.460 334.751** 258.531** 217.277 365.576** 

 (98.407) (115.036) (163.224) (101.672) (150.250) (179.072) 

Access 72.576 304.730** -25.928 116.871 286.154* -5.197 

 (89.604) (129.082) (111.783) (91.303) (159.629) (119.219) 

Take up*Access 14.926 -4.054 -304.062* -72.825 83.451 -374.041* 

 (134.357) (190.211) (177.326) (145.600) (222.857) (202.258) 

Constant 478.547*** 336.650*** 549.906*** 512.967*** 427.222*** 594.979*** 

 (66.893) (76.492) (91.609) (63.448) (108.216) (102.761) 

       

Observations 1,994 990 1,004 1,715 792 923 

Effect Size 0.014 -0.004 -0.296 -0.067 0.075 -0.355 

Notes: Outcome variables are regressed on a take up dummy, access dummy, and an interaction of the two. The sample 

includes all households from the current area where the MFI under study is active, and the expansion areas, for either both 

regions or each region separately. Column (4)-(6) presents the results limiting the sample to households that have indicated 

any other income. Other income is constituted of salaried labor, remittances, and other transfers. All monetary values are 

expressed in bolivianos. All variables have been winsor transformed to avoid extreme outliers. Bootstrapped standard errors 

with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table A14: Income distribution results 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

VARIABLES % 

business 

income  

% 

business 

income: 

Yungas 

% business 

income: 

Chuquisaca 

% 

agricultural 

income  

% 

agricultural 

income: 

Yungas 

% 

agricultural 

income: 

Chuquisaca 

% other 

income  

% other 

income: 

Yungas 

% other 

income: 

Chuquisaca 

          

Take up 10.256*** 9.720* -0.760 8.618* 0.682 6.050 -18.873*** -10.402 -5.290 

 (3.198) (5.685) (4.710) (5.127) (6.445) (5.475) (6.194) (8.947) (5.609) 

Access 6.447* 11.347* -3.452 -1.450 -9.728 -1.905 -4.996 -1.619 5.356 

 (3.328) (5.960) (3.529) (4.826) (7.022) (4.306) (5.789) (7.500) (4.152) 

Take up*Access 0.654 -7.611 19.731*** -12.402* -3.259 -18.637*** 11.748* 10.870 -1.094 

 (4.151) (6.872) (5.536) (6.671) (9.429) (6.218) (6.745) (10.552) (6.587) 

Constant 6.548** 5.532 15.476*** 34.991*** 47.380*** 33.341*** 58.461*** 47.088*** 51.183*** 

 (2.867) (4.906) (3.499) (4.326) (5.180) (3.698) (5.512) (6.791) (3.531) 

          

Observations 1,994 990 1,004 1,994 990 1,004 1,994 990 1,004 

Effect size 0.020 -0.238 0.611 -0.334 -0.083 -0.543 0.300 0.275 -0.029 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. % business income is calculated as the % of total income that originates from the business activities of 

the household. % agricultural income is calculated as the % of total income that originates from the agricultural activities of 

the household. % other income is calculated as the % of total income that originates from other income activities of the 

household. The three income components all add up to 1. All variables have been winsor transformed to avoid extreme outliers. 

Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the relative strength of the 

coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Results excluding observations more than three standard deviations away from the mean 

Table A15: Total loans outstanding results (reduced sample) 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total loans 

outstanding  

Total loans 

outstanding: 

Yungas 

Total loans 

outstanding: 

Chuquisaca 

Total monthly 

income 

Total monthly 

income: 

Yungas 

Total monthly 

income: 

Chuquisaca 

       

Take up -1,666.375 -1,747.883 -1,096.169 369.006* 71.536 306.351 

 (1,366.757) (2,566.890) (861.976) (198.640) (274.820) (261.199) 

Access -180.419 6,067.446 326.217 408.464 695.448 472.933 

 (1,961.371) (3,965.963) (1,588.250) (372.228) (471.594) (486.700) 

Take up*Access 3,864.042** 1,486.981 2,560.051** -109.149 -146.528 -250.355 

 (1,528.233) (3,490.226) (1,114.732) (209.523) (297.840) (267.524) 

Constant -1,922.209 -695.546 -426.148 747.967** 1,130.385** 1,331.320** 

 (2,962.757) (4,911.199) (1,705.589) (344.006) (498.964) (620.310) 

       

Observations 1,946 969 980 1,954 970 982 

Effect size 0.260 0.076 0.330 -0.071 -0.096 -0.166 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. Observations more than three standard deviations from the mean has been removed. Total income 

includes: Business revenues, agricultural income, and other income, where other income is constituted of salaried labor, 

remittances, and other transfers.  All monetary values are expressed in bolivianos. All variables have been winsor transformed 

to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the 

relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1 

 

Table A16: Business revenues results (reduced sample) 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

business 

revenues 

Total monthly 

business 

revenues: 

Yungas 

Total monthly 

business 

revenues: 

Chuquisaca 

Total monthly 

business 

revenues 

(”Intensive 

margin”) 

Total monthly 

business 

revenues: 

Yungas 

(”Intensive 

margin”)1 

Total monthly 

business 

revenues: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 300.629* 405.478 -74.559 -241.477 556.205 200.504 

 (173.082) (258.346) (218.211) (746.499) (1,153.353) (1,224.768) 

Access 313.259 555.500 541.569 -235.928 -1,028.141 -1,218.381 

 (294.626) (468.918) (420.437) (1,037.901) (1,454.543) (1,328.833) 

Take up*Access 106.836 -335.176 306.863* 520.427 968.222 973.463 

 (169.788) (238.922) (193.430) (766.633) (1,244.381) (1,182.335) 

Constant 39.313 -45.673 717.133* 1,838.697 428.127 2,716.035 

 (290.411) (493.723) (370.096) (1,488.220) (2,267.660) (1,763.977) 

       

Observations 1,964 976 990 502 227 275 

Effect size 0.087 -0.252 0.254 0.192 0.344 0.372 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Observations more than three standard deviations 

from the mean has been removed. Column (4)-(6) presents the results limiting the sample to households that have indicated 

to have a business. All monetary values are expressed in bolivianos. All variables have been winsor transformed to avoid 

extreme outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a measure of the relative 

strength of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * 

p<0.1 
1) For the subsample in the Yungas region, some of the community dummies are omitted due to perfect collinearity 

(community 1, 2, 13, 15, 22 and 23). 
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Table A17: Agricultural sales results (reduced sample) 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

agricultural 

sales 

Total monthly 

agricultural 

sales: Yungas 

Total monthly 

agricultural 

sales: 

Chuquisaca 

Total monthly 

agricultural 

sales 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: Yungas 

(”Intensive 

margin”) 

Total monthly 

agricultural 

sales: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up 88.481 2.855 157.303* 155.054** 19.485 138.795 

 (73.159) (75.529) (86.429) (74.282) (83.934) (88.725) 

Access 61.456 -83.802 113.139 162.351 25.684 148.079** 

 (94.141) (116.368) (77.631) (111.724) (152.115) (71.972) 

Take up*Access -108.834 -12.706 -156.752** -146.885** -39.423 -135.076* 

 (67.970) (83.715) (74.042) (71.927) (89.015) (81.361) 

Constant 13.319 87.863 -318.121** -34.217 146.500 -290.419 

 (115.924) (113.253) (156.722) (130.832) (135.577) (178.788) 

       

Observations 1,939 965 974 1,737 843 894 

Effect size -0.255 -0.030 -0.372 -0.332 -0.091 -0.307 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two, and additional control 

variables described in table 5. The sample includes all households from the current area where the MFI under study is active, 

and the expansion areas, for either both regions or each region separately. Observations more than three standard deviations 

from the mean has been removed. Column (4)-(6) presents the results limiting the sample to households that have indicated 

to engage in agricultural activities. All monetary values are expressed in bolivianos. All variables have been winsor 

transformed to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take up*Access’. It gives a 

measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications in parentheses. *** 

p<0.01, ** p<0.05, * p<0.1 

 

Table A18: Other income results 
 (1) (2) (3) (4) (5) (6) 

VARIABLES Total monthly 

other income 

Total monthly 

other income: 

Yungas 

Total monthly 

other income: 

Chuquisaca 

Total monthly 

other income 

(”Intensive 

margin”) 

Total monthly 

other income: 

Yungas 

(”Intensive 

margin”) 

Total monthly 

other income: 

Chuquisaca 

(”Intensive 

margin”) 

       

Take up -31.601 -123.866 135.025 108.167 -154.058 213.943 

 (80.157) (143.843) (130.253) (96.110) (198.957) (141.793) 

Access -106.374 -165.911 -214.444 -132.462 -450.584 -307.473* 

 (184.790) (267.470) (163.933) (201.058) (319.334) (175.207) 

Take up*Access -38.013 149.255 -252.171** -152.737 342.713* -271.181** 

 (94.169) (155.746) (122.381) (109.352) (202.821) (129.433) 

Constant 611.045*** 558.495** 957.636*** 765.350*** 819.577*** 1,299.520*** 

 (175.777) (264.470) (307.393) (207.462) (315.060) (356.765) 

       

Observations 1,934 957 977 1,666 772 898 

Effect Size -0.055 0.209 -0.370 -0.199 0.396 -0.382 

Notes: Outcome variables are regressed on a take up dummy, access dummy, and an interaction of the two. The sample 

includes all households from the current area where the MFI under study is active, and the expansion areas, for either both 

regions or each region separately. Observations more than three standard deviations from the mean has been removed. 

Column (4)-(6) presents the results limiting the sample to households that have indicated any other income. Other income is 

constituted of salaried labor, remittances, and other transfers. All monetary values are expressed in bolivianos. All variables 

have been winsor transformed to avoid extreme outliers. Effect size represents that standardized coefficient of ‘Take 

up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors with 1,000 replications 

in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table A19: Income distribution results (reduced sample) 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

VARIABLES % 

business 

income  

% 

business 

income: 

Yungas 

% business 

income: 

Chuquisaca 

% 

agricultural 

income  

% 

agricultural 

income: 

Yungas 

% 

agricultural 

income: 

Chuquisaca 

% other 

income  

% other 

income: 

Yungas 

% other 

income: 

Chuquisaca 

          

Take up 7.948* 10.465 -9.997** 6.268 2.507 10.167* -14.215** -12.972 -0.170 

 (4.387) (6.783) (4.989) (5.277) (8.194) (5.963) (6.511) (9.693) (6.821) 

Access 11.896 7.347 22.077 -1.629 -18.514 6.883 -10.267 11.167 -28.960*** 

 (13.366) (10.976) (14.473) (11.557) (13.848) (10.073) (19.801) (11.561) (10.771) 

Take up*Access 4.833 -5.697 20.046*** -13.550** -5.262 -18.142*** 8.716 10.960 -1.903 

 (4.520) (6.479) (5.061) (5.346) (9.105) (5.686) (6.122) (9.976) (6.503) 

Constant 10.266 5.666 39.136*** 33.272*** 35.113** 1.259 56.462*** 59.221*** 59.605*** 

 (7.680) (11.072) (10.485) (10.238) (15.252) (11.372) (11.820) (16.411) (13.230) 

          

Observations 1,994 990 1,004 1,994 990 1,004 1,994 990 1,004 

Effect size 0.150 -0.178 0.620 -0.364 -0.134 -0.529 0.222 0.278 -0.050 

Notes: Outcome variables are regressed on a take up dummy, access dummy, an interaction of the two. The sample includes 

all households from the current area where the MFI under study is active, and the expansion areas, for either both regions or 

each region separately. Observations more than three standard deviations from the mean has been removed. % business income 

is calculated as the % of total income that originates from the business activities of the household. % agricultural income is 

calculated as the % of total income that originates from the agricultural activities of the household. % other income is calculated 

as the % of total income that originates from other income activities of the household. The three income components all add 

up to 1. All variables have been winsor transformed to avoid extreme outliers. Effect size represents that standardized 

coefficient of ‘Take up*Access’. It gives a measure of the relative strength of the coefficient. Bootstrapped standard errors 

with 1,000 replications in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Stata programs written for the analysis 

This appendix contains the Stata programs written for this chapter. 

 

Program for household analysis: 
* To run, type: 

* COLEMAN treatment access outcome c1 c2 

* x: Your binary treatment indicator 

* y: Your outcome variable you wish to estimate  

* z: Your binary access variable  

* (access=1 for areas who have access to treatment, 0 otherwise) 

* c1: The set of control variables in your step 1 regression 

* c2: The set of control variables in your step 2 regression  

* cutoff: Cutoff probability for determining takeup 

 

*How to run the code: 

*The code can either run just by typing COLEMAN_new follwed by the required  

*inputs, or combined with Stata's bootstrap command: 

*bootstrap _b, reps(10): COLEMAN_new x y z c1 c2 cutoff 

*You can make use of any of the regular bootstrap options as well.  

 

capture program drop COLEMAN_new 

program COLEMAN_new, eclass 

  

 *Housekeeping 

 version 12.0 // 14.1 

 args x y z c1 c2 cutoff 

 tempvar t   

  

 // Stage 1: logit 

 logit `x' $`c1' if `z'==1 

  

 // get the result 

 tempname b1 

 mat `b1' = e(b) 

  

 // get the rownames 

 local names : colnames `b1' 

  

 // add first to them 

 foreach name of local names{ 

  local newnames "`newnames' first:`name'" 

 } 

  

 // replace the colnames  

 mat colnames `b1' = `varname' 

  

 // Stage 2: Construct vars for main model 

 predict `t' 

 gen takeup=. 

 label variable takeup "Take up" 

 replace takeup = 0 if `t'<`cutoff' 

 replace takeup = 1 if `t'>=`cutoff' & `t'!=.  

 gen takeup_access = takeup*`z' 

 label variable takeup_access "Takeup*Access" 

 

  

 //Stage 3: run main model 

 reg `y' takeup `z' takeup_access $`c2' 

  

 // get the result 

 tempname b2  

 mat `b2' = e(b) 

  

 // get the rownames 

 local names : colnames `b2' 
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 // add second to them 

 foreach name of local names{ 

  local newnames2  "`newnames2' second:`name'" 

 } 

   

 // replace the colnames 

 mat colnames `b2' = `newnames2' 

  

 mat `b1' =  `b1', `b2' 

  

 ereturn local cmd "bootstrap" 

 ereturn post `b1' 

  

 //Stage 4: drop all generated non-temporary variables 

 drop takeup takeup_access 

 

end 

 

Program for household analysis (standardized coefficients): 
* To run, type: 

* COLEMAN treatment access outcome c1 c2 

* x: Your binary treatment indicator 

* y: Your outcome variable you wish to estimate  

* z: Your binary access variable  

* (access=1 for areas who have access to treatment, 0 otherwise) 

* c1: The set of control variables in your step 1 regression 

* c2: The set of control variables in your step 2 regression  

* cutoff: Cutoff probability for determining takeup 

 

*How to run the code: 

*The code can either run just by typing COLEMAN_new follwed by the required  

*inputs, or combined with Stata's bootstrap command: 

*bootstrap _b, reps(10): COLEMAN_new x y z c1 c2 cutoff 

*You can make use of any of the regular bootstrap options as well.  

 

capture program drop COLEMAN_z 

program COLEMAN_z, eclass 

  

 *Housekeeping 

 version 12.0 // 14.1 

 args x y z c1 c2 cutoff 

 tempvar t w_y  

  

 // Stage 0: calculate standardized outcome variable 

 egen float `w_y' = std(`y'), mean(0) std(1) 

  

 // Stage 1: logit 

 logit `x' $`c1' if `z'==1 

  

 // get the result 

 tempname b1 

 mat `b1' = e(b) 

  

 // get the rownames 

 local names : colnames `b1' 

  

 // add first to them 

 foreach name of local names{ 

  local newnames "`newnames' first:`name'" 

 } 

  

 // replace the colnames  

 mat colnames `b1' = `varname' 

  

 // Stage 2: Construct vars for main model 

 predict `t' 

 gen takeup=. 
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 label variable takeup "Take up" 

 replace takeup = 0 if `t'<`cutoff' 

 replace takeup = 1 if `t'>=`cutoff' & `t'!=.  

 gen takeup_access = takeup*`z' 

 label variable takeup_access "Takeup*Access" 

  

 //Stage 3: run main model 

 reg `w_y' takeup `z' takeup_access $`c2' 

  

 // get the result 

 tempname b2  

 mat `b2' = e(b) 

  

 // get the rownames 

 local names : colnames `b2' 

  

 // add second to them 

 foreach name of local names{ 

  local newnames2  "`newnames2' second:`name'" 

 } 

   

 // replace the colnames 

 mat colnames `b2' = `newnames2' 

  

 mat `b1' =  `b1', `b2' 

  

 ereturn local cmd "bootstrap" 

 ereturn post `b1' 

  

 //Stage 4: drop all generated non-temporary variables 

 drop takeup takeup_access 

end 
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