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Resumen Ejecutivo 
Contexto 

La forma urbana y la planificación de una ciudad, determinan profundamente las 

condiciones de vida de sus habitantes. El rápido crecimiento de la población en el mundo en 

desarrollo frecuentemente crea un mosaico de comunidades residenciales y una red de caminos 

improvisado. En la Ciudad de Panamá, el proceso de urbanización ha estado en curso desde 

mediados del siglo 20, y ha producido varias generaciones de viviendas informales, formales y 

viviendas sociales. Debido al aumento de inmigrantes de las zonas rurales hacia la ciudad y 

debido a que el estado actual del gobierno y del sector privado no pueden sostener el aumento en 

la demanda de vivienda, nuevos habitantes han ocupado ilegalmente tierras en la periferia de la 

ciudad. Esta investigación tiene como objetivo explorar los asuntos relativos a la accesibilidad, 

las condiciones de viviendas informales y el transporte público. 

Objetivo de la Investigación 
 Este proyecto tiene dos partes. En la primera, usamos GIS para investigar las conexión es 

entre la forma urbana de la Ciudad de Panamá y el sistema de transporte público. Con la futura 

construcción de la segunda línea de metro, nuestro objetivo es determinar el impacto que tendrá 

la red de caminos sobre el acceso al transporte público. El segundo análisis trata los problemas 

de calidad de vida en comunidades informales analizando la eficacia de las casas de emergencia 

que construye la Fundación Techo. 

Métodos  
Este reporte usa ArcGIS para evaluar la red de caminos, tipos de viviendas y la zona de 

influencia de las estaciones. Este análisis calcula la población por estación de metro y el tamaño 

de la zona de influencia para evaluar el volumen de usuarios. Este reporte, también investiga el 

tipo de vivienda (formal, informal o social) de cada zona. Para evaluar la eficacia del modelo de 

Techo, este proyecto usa datos de las encuestas realizadas en los años 2013 y 2016 en tres 

comunidades. También usa datos de grupos focales realizados 2016. El análisis está enfocado en 

tres variables: intención de mudarse o quedarse en la comunidad, cambios económicos y cambios 

en salud. 

Resultados 
Presentamos los resultados de la investigación a través de mapas. Presentamos un mapa 

par para cada estación de metro, que muestra las vías de conexión y tipos de viviendas. Además, 
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presentamos un mapa que muestra la línea de metro completa, las zonas de influencia y las zonas 

de influencia que corresponden con cada estación. Encontramos que hay variedad en el acceso a 

transporte público, y que el acceso depende del tipo de vivienda, la red de caminos y la distancia 

a la estación. 

 Con respeto al análisis de Techo, este reporte concluye que solo una variable es 

estadísticamente significativa: la intención de quedarse en la comunidad. Los grupos focales 

concluyen que en general, la calidad de vida de los habitantes ha mejorado desde las 

construcciones de viviendas de emergencia. 

Conclusiones 
Este informe concluye que la red de caminos juega un papel importante facilitando el 

acceso a las estaciones de metro; sin embargo, por otro lado, el acceso está influido por otros 

elementos como ser: el tipo de vivienda, y la distancia caminado a la estación. Nosotros 

encontramos que el acceso al metro varía mucho y está también asociado con factores 

socioeconómicos. Nuestro estudio sobre la fundación indica que la construcción de viviendas de 

emergencia afecta positivamente la intención de las familias a quedarse en las comunidades e 

involucrarse en el desarrollo de su comunidad. Investigaciones adicionales son necesarias para 

encontrar una evidencia concluyente sobre el impacto de cambios económicos y de salud.  
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Executive Summary 
Context 

The urban form and planning of a city shapes the lives of its inhabitants profoundly. The 

rapid growth in the developing world often creates a patchwork of housing communities and 

spontaneous road networks. In Panama City, the trend of urbanization has been ongoing since the 

middle of the 20th century producing various generations of informal, formal and social housing. 

Because more and more people are migrating from rural areas to the city and the current 

government and private sector cannot keep up with the increasing housing demand, new city 

dwellers often squat on the fringes of the city. This study aims to explore these issues in relation 

to accessibility, informal settlement living conditions and public transportation. 

Research Aim 
This research project exists in two parts. In the first part, we investigate, using GIS, the 

interaction between Panama’s urban form and the public transportation system. With the 

upcoming construction of a second metro line, our goal is to determine what the implications of 

the existing road network will be on the access to public transportation. Our second analysis 

explores the issues of living standards in informal communities by analyzing the impact and 

effectiveness of emergency housing built by fundación Techo.  

Methods 
 This report uses ArcGIS to assess road networks, housing type and size of catchment area 

surrounding the metro station. We calculate the population per metro station and the size of the 

catchment area to assess the volume of use of each station. We also examine the type of housing 

(social, formal or informal) in each catchment area. To evaluate the effectiveness of Techo’s 

housing model, we use survey data from 2013 and 2016, collected in three communities. We also 

use focus group data, collected in 2016. The analysis is conducted on three variables: intention to 

stay in the community, change in income, and change in health. 

Results 
 Our results are presented in maps of each metro station. These maps show the arterial 

roads and housing types. The large summary map shows the entire metro line and the catchment 

areas and arterial roads associated with each station.  
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With regards to Techo’s emergency housing, our research finds that only one variable is 

statistically significant: the intention to stay in the community. The focus groups concluded an 

overall improvement in standard of living since the constructions of emergency housing. 

Conclusions 
 This report concludes that road networks play a significant role in facilitating access to 

metro stations; however, access is influenced by other factors such as housing type and walking 

distance. We find that access to the metro is extremely varied, and is linked to socioeconomic 

factors. Our study of Techo’s housing indicates that building houses does positively impact 

families’ intention to stay in the community and engage in the community; however, additional 

studies are needed to find conclusive evidence on changes in income and health.   
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Introduction 
With the rapid growth of many cities in the developing world comes a variety of 

problems. This project focuses on two interrelated issues in Panama City: informal housing and 

road networks. The project is twofold: part one uses survey and focus group data to examine the 

impact of emergency housing built by Fundación Techo on the overall living conditions of those 

living in the informal settlements of Panama City. The second part uses a GIS analysis to explore 

the relationship between the road networks of Panama and accessibility to the second metro line 

that is currently being planned. 

Fundación Techo is a global NGO, founded in 1997, with chapters in nineteen Latin 

American and Caribbean countries. The organization’s main goal is to work on the issue of 

informal housing by using volunteer crews to construct simple houses. The houses are designed 

so that families can make additions and improvements to the houses as their financial situation 

permits. Techo’s mission statement is “trabajar sin descanso en los asentamientos precarios 

para superar la pobreza, a través de la formación y la acción conjunta de sus pobladores y 

jóvenes voluntarios, promoviendo el desarrollo comunitario, denunciando la situación en la que 

viven las comunidades más excluidas e incidiendo junto a otros en política.” In addition to 

building and repairing houses, Techo aims to use these houses as a vehicle to promote social 

action and volunteering in the greater community. 

The first part of our research discusses road networks. Road networks are part of the 

infrastructure that is essential to the development and functioning of a city. However, the road 

networks in Panama City are often unplanned and disorganized, resulting in a network that does 

not always facilitate easy access to the principal roads. Our project uses GIS to identify arterial 

roads, the neighborhoods that surround them, and analyze access to stops on the new metro line. 

In this part of our research, we ask: how will the existing road network of Panama City serve the 
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future metro line, and what implications might this have on accessibility to public transit? To 

answer this question, we create a map of the metro line and the surrounding areas to conduct a 

spatial analysis of the arterial road network by metro stop, outlining physical accessibility to the 

transit node. Furthermore, we create station specific maps detailing three different types of 

housing – formal, informal and social - to examine the relationship between housing types, road 

networks and public transportation accessibility in Panama City. 

Fundación Techo is a global NGO, founded in 1997, with chapters in nineteen Latin 

American and Caribbean countries. The organization’s main goal is to work on the issue of 

informal housing by using volunteer crews to construct simple houses. The houses are designed 

so that families can make additions and improvements to the houses as their financial situation 

permits. Techo’s mission statement is “trabajar sin descanso en los asentamientos precarios 

para superar la pobreza, a través de la formación y la acción conjunta de sus pobladores y 

jóvenes voluntarios, promoviendo el desarrollo comunitario, denunciando la situación en la que 

viven las comunidades más excluidas e incidiendo junto a otros en política.” In addition to 

building and repairing houses, Techo aims to use these houses as a vehicle to promote social 

action and engagement in the greater community. 

Through the process of emergency housing, informal settlements grow and become 

incorporated with the formal city. To explore the issue of informal housing, for the second part 

of our research, we use structured surveys and focus group data to examine the successes and 

areas for improvements in the houses that Techo has built. The objective is to create a report for 

Fundación Techo which discusses the living conditions of the informal settlements in Panama 

City. The research question that will guide our work with Techo is: what are the opinions and 

experiences of the households and community members who have received homes built by 
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Techo? More specifically, we will examine if and how Techo houses have affected families’ 

economic status, health, and overall satisfaction over the three years since the emergency houses 

were built. We analyzed the focus group data from 2016 in conjunction with statistical analysis 

on surveys from 2013 and 2016 to outline the changes these families have experienced over the 

last three years. 

Finally, through our research, we aim to examine how these two issues may be linked in 

the complex context of the developing city. These issues are connected under broad themes such 

as accessibility, income, and urban planning, and in this project, we hope to explore more 

specific connections between our two research questions.  

Part 1: Road Network and Metro Line Analysis 

Transportation Systems in the Developing World 
Like most cities in the developing world, Panama City is expanding rapidly (Sigler, 

2014). In developing cities, rapid growth is often coupled with the building of informal 

infrastructure including housing, road networks and informal transportation that can leave a large 

and long-lasting impact on the city’s landscape (Parangua, 2012; Skilla, 2013). This study 

discusses the relationship between a planned public transportation system and the informal 

development of road networks in Panama City.  

Road networks play an important role in defining the accessibility and mobility within 

cities. Road networks exist in a three-tiered system of primary, secondary and tertiary roads. 

Arterial (secondary) roads are defined as a public good that connects people to the transportation 

system (Angel, 2012). Every growing city, therefore, needs a grid of arterial roads in order to 

facilitate the efficient movement of people from residential areas to the transportation system 

(Angel, 2012; Tyler, 2002).      
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Arterial roads can either create or inhibit accessibility for urban dwellers (Tyler, 2002). 

Physical access is determined by the intersections of arterial roads and the location of transit 

stops (Tyler, 2002; Bouzaïene-Ayari, 2001). Informally developed road networks, which can be 

seen certain areas of Panama City, exemplify the disconnect between arterial roads and transit 

stops, therefore creating exclusionary zones where residents have limited accessibility (Tyler, 

2002).  Accessibility can be further limited by barriers such as income, employment and security, 

which exist on socio-economic gradients, often impacting the lower-income residents most 

(Amin et al., 2013).   

To assess accessibility, this study analyzes catchment areas, which are defined as the total 

area surrounding a transit stop in which people are willing to travel from in order to reach the 

system’s access point. This area, identified as a “walking shed”, generates ridership counts from 

the surrounding area. Various studies have looked at defining catchment areas for transit systems. 

In the United States, the standard catchment area is a quarter to half mile circular buffer around 

each node (El- Geneidy, Grimsrud, Wasfi, Tétreault, & Surprenant-Legault, 2014; Geurra, 

Cervero & Tischler, 2012). A half mile circular buffer is approximately ten minutes of walking 

at three miles per hour, which is assumed to be the maximum speed and distance people are 

willing to walk to reach a transit access point. Furthermore, the Berkeley Center for Future 

Urban Transport studied different catchment areas and determined that differences such as a 

quarter mile versus a half mile make no significant difference to catchment area analyses. 

However, the limitation to these studies is that they assume that people are evenly distributed 

within these buffers and that their walking preferences are equal. Some studies, such as the one 

conducted by Rhonda Daniels, are trying to overcome these limitations by studying personal 

demographics and trip characteristics to determine how far people are willing to walk (2013). 
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Willingness to walk varies by route type (train vs. bus), trip qualities, personal, household and 

neighborhood characteristics, demographics and socio-economic traits (El- Geneidy, Grimsrud, 

Wasfi, Tétreault, & Surprenant-Legault, 2014; Daniels & Mulley, 2013). 

Another limitation of this type of measurement is the circle buffer around transit access 

points. This type of buffer ignores road networks and obstacles, by assuming that a person can 

travel directly from any point in the buffer to the center (Geurra, Cervero & Tischler, 2012). To 

adjust for this problem, many studies have used ArcMap GIS Road Network Analysis software. 

This software analyzes existing street networks to create a catchment area that includes only 

walkable streets (Anderson, Landex & Hansen, 2008; Salvo & Sabatini, 2005). In another study 

by Foda (2012), catchment areas are assessed using various indices, as opposed to population 

counts within buffers. The Ideal-Stop Accessibility Index, the Actual Stop-Accessibility Index 

and the Stop Coverage Ratio Index evaluate accessibility to transit systems by considering the 

surrounding road networks and taking into account which of these pathways are walkable (5).  

These studies all assume, however, that willingness to walk is uniform throughout a 

catchment area, regardless of studies that have proven the high variability in distance people are 

willing to walk. Carlos Garcia-Palomares designed his study using micro data and household 

surveys to first see how far people are walking to get to metro stations and then determined the 

catchment areas for the Madrid Metro (García-Palomares, Gutiérrez & Cardozo, 2013). The 

limitation to this study, discussed by Diego Hernandez, is the variability in perceived versus 

actual distances to transit, in which he determined that distances to metro stops (as opposed to 

bus stops) are perceived as shorter than they actually are, resulting in a higher overestimation of 

supply (Hernández & Witter, 2015). A final consideration is the assumption that people always 

choose walking as the mode to reach the public transport systems. For example, cycling 
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accessibility can increase catchment areas by reducing travel time to transit nodes (Flamm, 

Riasplata, 2014).  

However, there is a geographic gap in the literature: little to no research has been found 

on catchment areas in Panama, or even Latin America. Therefore it is possible that the 

willingness to walk averages are different in Panama than in studies conducted in other areas, 

such as the U.S. Our study, instead of using accessibility buffers, determines catchment areas 

through adjacent neighborhoods (unidades urbanos) and arterial roads which provide the main 

access routes from these communities to the metro stops. Because of the informality of many 

road networks, congestions, and inefficiency of the bus system, it is predicted that people will be 

willing to travel farther to reach the metro stations. Moreover, analyzing the arterial roads helps 

to account for the possibility that people may also take taxi cabs or drive to metro stops. The 

purpose of the arterial road map, therefore, is also to predict locations where there will be an 

increase in congestion, as more people will be traveling towards the metro line as opposed to 

directly to the center of Panama City. 

Data 
The GIS analysis portion of the project uses vector shapefile data of Panama City. The data 

layers used in the project are as follows: 

 Metro stations, shown as point data. 

 The metro line 2, shown as line data.  

 Arterial roads, which connect smaller roads leading to metro stations, shown as line data.  

 All non-arterial streets, shown as line data. 

 The neighborhood designations, or barrios, shown as polygons. The barrios have 

demographic attributes such as the number of indigenous inhabitants, number of habitants 
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that have services such as electricity and running water, and average income. Useful for 

this study’s analysis is the average habitants per vivienda. 

 The urban units, or unidades urbanos, shown as polygon data. These are not government 

official designations of urban areas, but are neighborhoods adjacent to the metro stations 

that form the catchment areas. Each unit has an associated metro station.  

 The individual housing units, or viviendas, shown as polygon data. The viviendas are 

each associated with a corresponding barrio, shown in the attributes with a barrio ID. 

Important for this analysis is the housing type of each vivienda, which is designated as 1) 

formal 2) social or 3) informal.  

All data uses the projection UTM WGS84 Zone 17N.  

Methods  
First, each unidad urbano was manually assigned a corresponding metro station, based on 

the metro station that is closest, most accessible and most likely to be used by the majority of 

that unidad. Similarly, each of the vias de conexión was manually assigned a metro station based 

on a visual assessment of distance and accessibility to metro stations.  

In order to create the maps for each metro station, the viviendas file had to be modified so 

that the viviendas were shown as a single part feature by type of housing and associated with a 

unidad urbano.  The viviendas file shows all the viviendas in the extent. Each has a barrio ID 

attribute and a type of housing attribute (formal, informal or social). Using the Intersect tool, the 

viviendas file was overlaid with the unidades urbanos file, resulting in a new shapefile with each 

vivienda assigned to a unidad urbano. The viviendas retain the attribute which denotes the type 

of housing. Next, the Dissolve tool was used on the intersected file to aggregate by type. The 

result is a new shapefile with only 4 objects, each representing a different type of housing. The 

viviendas are shown as multipart features in this file.  
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In order to calculate the population for each unidad urbano, and therefore for each 

corresponding metro station, a problem of spatial incongruity had to be overcome. Spatial 

incongruity occurs when spatial data is aggregated for a certain unit, but that is not the unit of 

interest for the analysis (Voss, Long & Hammer, 1999). This is often a problem for demographic 

analyses in which information is often in census tracts, but needs to be aggregated into other 

units. In this analysis, population is listed by the average number of habitants per vivienda per 

barrio, but it must be aggregated to unidades urbanos.            

To calculate the population per station, the barrios file was clipped to each individual 

station area. Each station area was made into a shapefile using the Split by Attribute tool. Then 

the Calculate statistics tool was used to find the mean number of habitants per vivienda 

(“hab_viv” field in the attribute table) for each station. The Dissolve tool was used to aggregate 

the viviendas by stations, resulting in a new shapefile which shows the viviendas as multipart 

features associated with a particular station and a field in the attribute table, “Count,” which 

shows the number of viviendas per station. Multiplying the number of viviendas per station by 

the number of average habitants per vivienda per station gives the aggregate population that will 

likely use each station. The results of this process are shown in Table 3.  

The methods of this portion of the project are shown in the cartographic model Appendix 

13.   

Results  
This section analyzes selected maps from the 17 maps created of each individual metro 

station. These stations and catchment areas exemplify the topics discussed in the results, or were 

chosen for discussion as an example of many other similar stations. The remainder of the maps 

can be found in the appendix.  
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The surrounding area of the Don Bosco metro station is one of the most expansive areas 

surrounding the metro line. The formal and informal areas are separated and distinct 

geographically: the formal settlement lies in a gridded pattern south of the metro station, while 

the informal settlement sprawls northwest of the metro station. The social housing is limited to a 

small area in the east of the informal settlement, near the metro station.  

The Cincuentenario metro station area is unique among the catchment areas studied, as it 

is the only metro station which has more social housing than any other type of housing. The three 

types of housing are integrated geographically, existing next to one another rather than in 

separate areas.  

The La Doña metro station area is an example of a catchment area with a majority of 

informal housing. In contrast to areas such as Don Bosco, the formal settlements in La Doña are 

actually farther from the main arterial road than the informal settlement.  
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Figure 1 Map of Don Bosco metro station 
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Figure 2 Map of Cincuentenario metro station 
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Figure 3 Map of La Doña metro station 
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Figure 4: Map of Nuevo Tocumen metro station 
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6 metro stations have catchment areas that are made up entirely or almost entirely of 

formal housing settlements: Villa Lucre, Los Pueblos, San Antonio, Pedregal, UTP and Nuevo 

Tocumen. Most of these areas have a relatively small catchment area, especially compared to 

expansive areas such as Don Bosco or Las Mañanitas. The Nuevo Tocumen map exemplifies 

characteristics shared by many of the stations with formal housing: the road network is neatly 

gridded, the area is small, access to the arterial road is very direct, and the settlement is not 

connected to any nearby informal or social housing settlements.  

 Table 1 gives a brief description of each station’s catchment area, observations regarding 

the types of housing surrounding the metro station, and observations on the road network and 

arterial roads.  

Table 1: Descriptions of catchment area and type of housing associated with each metro station  

Number ESTACION DESCRIPTION 

1 San Miguelito  Equal parts formal and informal housing, with two separate social housing 

areas 

 Formal and informal housing settlements are separated by a major arterial 

road 

2 Paraiso  Majority informal housing 

 Equal parts social and formal housing  

 Area immediately surrounding the metro station is informal housing  

3 Cincuentenario  Majority social housing  

 All three types of housing are relatively integrated, located closely to one 

another, accessible and not separated by physical boundaries 

4 Villa Lucre  Almost all formal housing – informal and social housing is minimal  

 All houses have direct access to arterial roads due to gridded road network 

5 El Crisol  Formal and informal housing types relatively integrated  

6 El Golf  Mostly formal housing with small section of social housing  

 Social housing appears to be about equidistant or closer to the metro station 

than the formal housing   

 Small informal settlements north of the formal settlements – may indicate 

growth of informal settlements 

7 Los Pueblos  Entirely formal housing  

 Houses all within about 2 km of metro station 

8 San Antonio  Almost entirely formal housing 

 Expansive catchment zone north of the metro station 

 Many houses more than 3 km away from metro station 

 Many houses not connected to arterial roads 
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9 Pedregal – Las 

Acacias 
 Entirely formal housing 

 Households have direct access to arterial roads 

 Houses within 2 km of the metro station   

10 Don Bosco   Formal housing mostly located south of the metro station – gridded road 

network with direct access to arterial roads  

 Informal housing north of the station – road network is sprawling, not gridded 

 Some of the informal housing is more than 6 km away from the metro station 

11 UTP  Entirely formal housing  

 Relatively small catchment area associated with metro station 

 All housing within 1 km of either UTP or Mañanitas metro station 

12 Las Mañanitas  Majority informal settlements with some formal settlements and one small 

social housing area 

 Large informal settlement north of metro station  

 Formal settlements are located close (less than 1.5 km) to the metro station 

 Informal settlements, at the furthest north, are more than 3 km away from 

metro station  

13 Hospital del 

Este 
 Formal and informal settlements very separated and distinct – road networks 

do not connect the two neighborhoods 

 All housing is very close to metro station – about 1 km away  

14 Altos de 

Tocumen 
 Majority informal housing – large informal settlement directly south of metro 

station 

 Two small, distinct formal housing settlements  

15 La Doña  Majority informal housing 

 Small, distinct formal housing areas 

 Formal housing area south of the metro station is farther from the metro 

station than informal settlement – but has more direct access to arterial roads 

due to gridded road networks within the settlement 

16 Nuevo Tocumen  Entirely formal housing  

 All housing within 2 km of metro station and direct access to arterial roads 

 Relatively small catchment area  

17 Felipillo  Majority informal 

 Informal settlement closer to metro station than formal settlement – but 

formal settlement may have more direct access to arterial roads leading to 

metro station  
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Figure 5 Map of Metro Line 2 

Figure 5 is a map which summarizes the entirety of the Metro Line 2, the stations, streets, 

arterial roads, and catchment areas of each station. The metro line 2 is shown as a line, with the 

stations in point form. The streets are shown in a hierarchy from the major highways, “carreteras 

nacionales” to the smallest streets, “caminos reales.” The catchment areas, or unidades urbanos, 

for each metro station, are shown in color and each corresponds to a metro station. The arterial 

roads are shown in the corresponding color of the unidad urbano, and the metro station which 

they are associated with.  

Table 2 shows the percentage of formal, social and informal housing per metro station 

area. At 60% social housing, Cincuentenario station has by far the highest percentage of social 
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housing. Don Bosco station, which has the second highest percentage of social housing, has only 

11%. Altos de Tocumen has the highest percentage of informal housing, with 86%, followed 

closely by Paraiso. UTP and Nuevo Tocumen have the highest percentage of formal housing, at 

100%. These stations have no social nor informal housing. Los Pueblos and Pedregal also have 

nearly 100% formal housing. 

Table 2: Housing types per station.  

ESTACION PERCENT FORMAL PERCENT SOCIAL PERCENT INFORMAL 

San Miguelito 47.6 2.4 49.9 

Altos de Tocumen 13.7 0 86.3 

Cincuentenario 20.6 60.7 18.7 

Don Bosco 53.8 11.3 34.9 

El Crisol 66.3 0 33.7 

El Golf 86.9 8.7 4.4 

Felipillo 27.2 0 72.8 

Hospital del Este 51.7 0 48.3 

La Doña  41.9 0 58.1 

Las Mananitas 29.9 3.9 66.2 

Los Pueblos 99.8 0 0.2 

Nuevo Tocumen 100 0 0 

Paraiso 5.5 9.8 84.7 

Pedregal 99.6 0 0.4 

San Antonio 97.4 0 2.6 

UTP 100 0 0 

Villa Lucre 98.4 0.1 1.5 

 

Table 3: Population, viviendas and area of each metro station 

Station Area (km2) Number of 

Viviendas 

Average Habitants 

per Vivienda 
Population 

Altos de Tocumen 2.867894009 3362 3.168104 10,651 

Cincuentenario 1.295577601 2288 3.438701 7,868 

Don Bosco 12.74975107 18835 3.334723 62,810 

El Crisol 2.555419248 4447 3.36711 14,974 

El Golf 2.483039841 2995 3.207583 9,607 

Felipillo 5.493536569 7740 3.355209 25,969 
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Hospital del Este 1.15625798 2561 3.404888 8,720 

La Doña 10.01857217 13439 3.315094 44,552 

Las Mañanitas 6.627548084 10722 3.623061 
38,846 

Los Pueblos 1.259308483 1798 3.274483 5,888 

Nuevo Tocumen 2.082340002 6561 3.381756 22,188 

Paraiso 3.462240994 8815 3.315413 29,225 

Pedregal - Las 

Acacias 

1.896747902 3703 3.227175 11,950 

San Antonio 6.304174077 10529 3.27804 34,514 

San Miguelito 1.695059229 2405 3.66363 8,811 

UTP 1.349479895 2314 3.729687 8,630 

Villa Lucre 2.70007737 6289 3.496055 21,987 

 

Table 3 shows the station name, the area in km2, the number of households, and the 

population of the unidades urbanos which correspond to it. The Don Bosco catchment area is the 

largest in terms of area, followed by La Doña. The Hospital del Este catchment station is the 

smallest, followed by Los Pueblos. The Don Bosco metro station has the most populous 

catchment area. It is much more populous than the second-most populous station, La Doña. Los 

Pueblos has the least populous catchment area, followed by Cincuentenario and UTP. There is a 

large range in populations among the stations: Don Bosco has over ten times more people 

associated with that metro station than Los Pueblos.  

Analysis 
Generally, households in informal housing have more limited access to metro stations 

than those in formal housing. The Don Bosco metro station catchment area is an example of this 

phenomenon. The furthest houses in the formal settlements would be at most 2.5 km away from 

the metro station, while the furthest houses in the informal settlements could be more than 6 km. 
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This is well outside of the quarter to half mile catchment zone discussed previously, making it 

unlikely that residents in these informal settlements will walk to use the metro line. Furthermore, 

growth is most likely to occur in the far reaches of the informal settlements, expanding outward 

from the metro station, increasing the number of households with limited access to the metro. 

Road networks play a significant role in facilitating access to metro stations. In fact, road 

networks may be more important than distance in determining accessibility to public transit. For 

instance, the La Doña metro catchment area shows that the formal settlement south of the metro 

station is farther away than the informal settlement area, in terms of straight-line distance. 

However, access to the metro station may be easier and faster for those living in the formal 

settlement, despite the distance. The tangled, disorganized road network of the informal 

settlement makes it difficult and time-consuming to access the arterial roads; in contrast, the 

gridded, planned road network of the formal settlement leads directly to the arterial roads, 

facilitating better access to the metro. In areas which are entirely formal housing, such as 

Pedregal or Villa Lucre, households have direct access to arterial roads and therefore the metro 

line.  

Table 2 shows the large variation in types of housing for each metro station. Some 

stations are completely or almost completely formal, such as UTP or Los Pueblos. However, 

there are no areas which are one hundred percent informal housing, as there are with formal 

housing. This is because those informal areas would not be served by transit infrastructure like 

the metro line.  

Although Table 2 shows that many of the stations have a mixture of different types of 

housing, in most of the unidades, the three types of housing are segregated geographically. For 

instance, in San Miguelito, the formal neighborhood is separated from the informal 
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neighborhood by one of the major vias de conexión. One could not easily travel between the two 

neighborhoods, as they are not linked by roads. Similarly, in Don Bosco, the formal and informal 

settlements are on opposite sides of the metro line and the main road, which acts as a barrier 

between them.  

In contrast, other neighborhoods are more integrated. Cincuentenario, the only catchment 

area with a majority of the housing as social housing, shows a much more integrated housing 

model, in which formal, informal and social housing areas are spatially close and connected. 

This arrangement likely formed because the government implemented social housing first, and 

informal housing settlements formed at the edges. With the presence of infrastructure and 

services from the government, private formal developments were afterwards constructed. 

However, some separation is still evident in this area: a river separates the Cincuentenario 

catchment area from the Villa Lucre area, which is almost entirely formal housing. There are no 

roads connecting the social and informal areas of Cincuentenario to the formal area of Villa 

Lucre, showing that some segregation of the neighborhoods is still present.  

From map 5 of the entire metro line and table 3, it is evident that the catchment areas 

vary tremendously in size, which is something that is not immediately apparent in the individual 

station maps. There are connections to be made between the area of the catchment zone and the 

type of housing. For example, many zones which are entirely or almost entirely formal housing 

tend to be small: for instance, Los Pueblos, Pedregal, and UTP. This suggests that those living in 

formal housing areas have to travel a shorter distance to reach arterial roads or transit nodes.  

Table 3 shows that some metro stations have a significantly higher population using them 

than others. Don Bosco, which also has the highest area, has the largest population. Many of the 

more underpopulated metro stations are formal housing settlements. Los Pueblos, which has the 
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smallest population, is entirely formal housing. This suggests that not only will the gridded, 

organized road networks of formal settlements facilitate more direct access and less traffic to the 

metro stations, but they may be even easier to access, as there are fewer people using them.  

Panama City continues to grow rapidly, and much of this growth is likely to occur in 

informal settlements. Many of the station maps show possibilities for growth of informal 

settlements. For instance, the El Golf catchment area shows small informal settlements just north 

of formal settlements, and presumably these areas will expand in coming years. Similarly, in the 

Don Bosco catchment area, the sprawling informal area north of the metro line will likely 

experience growth in the future. As population grows, these settlements will have to cope with 

increased traffic. In the future, planning road infrastructure in order to increase access to public 

transit will be essential.  

There are limitations with this data, and assumptions made that must be taken into 

consideration with this analysis. In order to apportion the population into the unidades urbanos, 

the population had to be assumed to be distributed homogenously across each barrio. This made 

it possible to apportion the population and make calculations; however, population is rarely 

distributed so evenly in reality. In reality, especially in urban areas, population may be 

distributed unevenly due to geographic features or land use (Fisher & Langford, 1996).  

When clipping the barrios to the unidades urbanos, the assumption had to be made that 

each barrio was entirely inside the unidad. The unidades are relatively arbitrary, so it is unlikely 

that the boundary of the unidad would represent a line dividing the barrio which people would 

not cross to use the metro. It is assumed that everyone in that barrio, even if the barrio is only 

partially enclosed by the unidad, would go to that same metro station. In the future, this 

assessment could be conducted more accurately by calculating the percentage of each barrio 
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which lies in the unidad urbano, and multiplying that by population, to assess what portion of the 

population lies inside the boundary.  

It is also difficult at times to judge which metro station an area or a road will be 

associated with. For example, people who are equidistant from two metro stations might choose 

to go to a different metro station depending on which direction they are traveling in. A similar 

issue occurs with the unidades urbanos: each unidad urbano was assigned to a metro station; 

however, some of these units are large and could be split between two metro stations. 

Furthermore, the maps do not show other factors that influence which metro station people might 

use, such as terrain. The shortest distance is not always the least cost path: for example, walking 

a longer distance on flat ground might be preferable to walking a shorter distance up a steep hill.  

Defining a region for analysis can also present issues. This problem is known in 

geography as the modifiable areal unit problem, in which changing the boundaries of the data 

affects the data analysis and the results (Openshaw, 1993). In socioeconomic data, boundaries 

are often artificial and arbitrary, and therefore modifiable (Wong, 2009). This makes it difficult 

to know if the analysis reflects reality, or if it is merely influenced by the drawing of the 

boundaries (Mennis, 2003). Furthermore, this can lead to data manipulation for other purposes. 

A commonly described instance of this is known as gerrymandering, which is the strategic 

changing of boundaries of spatial units, often for political means, such as redistributing particular 

populations in voting districts (Montello & Sutton, 2006).  

Part 2: The Impacts of Emergency Housing 

Progressive Housing in the Developing World 
Today, 900 million people in developing countries live in informal settlements or slums 

(Latendrese & Bornstein, 2012). This population of urban poor is expanding rapidly and this 
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trend is expected to continue (Hansen & Williams, 1988). In cities of many developing countries, 

progressive housing is the principal way in which many poor households settle in cities. In 

Panama City, 70% of low income families in report building their houses in a progressive 

manner (Fay, 2005).  

In the process of progressive housing, households acquire land through squatting or 

purchase, and they construct a small, temporary, makeshift home. As housing tenure becomes 

more secure, families improve and build upon these houses through borrowing, saving or other 

means (Hansen & Williams, 1998). As the community becomes more established, residents can 

lobby for improved services. Eventually, the community becomes established and formalized, 

embedded into the rest of the city. As such, the process has also been called “formalizing 

informal housing” (Ferguson & Navarrete, 2003).  

Progressive housing can be beneficial for families because it tends to be cheaper than 

formal housing by skirting around regulations and standards (Fay, 2005). Instead of requiring a 

formal mortgage or construction finance, families can add onto the house when they can afford 

to (Angel, 2012). However, progressive housing is often very poor quality, especially if land 

tenure is uncertain and the household does not want to invest in more durable infrastructure. 

Construction by unskilled workers can create an unstable house which may not withstand future 

construction (Bredenoord & van Lindert, 2010). Directing services and infrastructure to these 

communities is often more difficult after the construction if the building is not planned in 

advance. Finally, because the progressive housing process can be long and troublesome, “it 

condemns families to live much of their lives in unsanitary and disrupted environments” 

(Ferguson & Navarrete, 2003).  
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The progressive housing that fundación Techo builds is called nucleus design housing. 

Nucleus design housing involves creating the base structure of a house, usually one room with a 

bathroom/kitchen and a roof. The intention is to create the foundation that can later be expanded 

upon when families can afford to do so (Huessein, 2015). Very few studies discuss at the 

interaction between nucleus design housing and socio-economic changes for its inhabitants, as 

this study does. One study that looks at Techo’s urban housing proves a link between the 

intervention and an improvement in quality of life (in terms of satisfaction) and children’s health 

(Galiani, Gertier, cooper, Martinez, Ross & Undurraga, 2015). This study hopes to increase the 

awareness of the benefits of nucleus design housing by examining socio-economic changes in 

the families living in Techo housing over a longer period of time (2013-2016). 

Data 
For the analysis on the impact of Techo housing, the data exists in two parts.  The first 

part collects quantitative data through 28 surveys, conducted in 2013 and 2016 in three 

communities. These surveys tracked the changes of families living in Techo houses over this 

three year time period. The surveys tracked 14 viviendas, and asked questions regarding the 

residents' health, income, employment and living expenses. Chart 4 totals the surveys conducted. 

Because we are analyzing data concerning human subjects, we both completed the Tri-Council 

Course on Research Ethics. Furthermore, all participants were informed about the study 

beforehand and signed an agreement to participate, which also insured their anonymity. For this 

purpose we look at the subjects in this study only at a community level as representatives for 

their neighborhoods. 
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Table 4: Summary of Surveys Conducted 

Community Number of Surveys 

Conducted  

El Progreso #5, Chorrera 7 

Altos de Howard, Arraiján 5 

La Veraneras, Arraiján 2 

 

Due to difficulties in tracking families, only 14 households have data from both years 

allowing for an analysis of the changes and improvements made. In order to explore the 

socioeconomic changes that occurred between 2013 and 2016, we chose to look at the following 

variables: 

 Intention to move out of the community (binary) 

 Total income (interval) 

 Proportion of family members reporting sickness (ratio) 

Focus groups were conducted in the communities of El Progreso #5 and Altos de Howard. 

Questions were asked to both groups regarding perceptions of the organization, changes made to 

the houses, problems and benefits of the houses and the project’s influence on the community. 

Questions focused on perceptions of the nucleus design housing and changes made to the 

structures. The data from the following questions represents the qualitative portion of this 

research. 

1. ¿Qué es TECHO? ¿Qué hace esa organización? 

2. ¿Qué esperaban del trabajo de TECHO? 

3. ¿Después del trabajo realizado, se cumplieron sus expectativas? 

4. ¿Cómo eran sus viviendas antes? ¿Qué materiales tenían? 

5. ¿Cuántos hicieron modificaciones/ampliaciones a la vivienda? 

6. ¿Cómo aportó la vivienda a sus familias? 

7. ¿Qué cosas buenas o malas sucedieron después de la construcción de la vivienda de 

emergencia? 

8. ¿Creen que el proyecto tuvo resultados positivos en la comunidad? 

9. ¿Creen que el proyecto aportó a la unión de la comunidad? 
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Methodology 

To analyze the intention to move variable, a McNemar’s test is used since the data is 

paired and binary.  This nonparametric test was chosen due to the low sample size of the data 

(n=14). This test shows whether or not there is a statistical significant difference between the 

frequencies of responses between the two years. The null hypothesis for the test states that the 

marginal frequency to affirmatively respond to the inquiry for the intention to move in 2013 and 

2016 exist at the same rate. Descriptive statistics were also conducted to enhance the analysis. 

To test for statistical differences between the 2013 and 2016 samples for the other two 

variables, a Wilcoxon Signed Rank Sum test was performed. This test is the non-parametric 

version of a paired two sample t-test. A non-parametric test was chosen again because the sample 

sizes for both variables were below n= 15. This test is used to compare data that are matched 

pairs, ie use the same subjects in both samples as the independent variable. In addition the data 

must be continuous, in this case both variables are ratio or interval, satisfying this second 

assumption. The null hypothesis for a Wilcoxon Signed Rank Sum test indicates that the median 

difference between pairs of observations is zero, therefore indicating no statistically significant 

difference between the medians of the 2013 samples and 2016 samples. Finally, descriptive 

statistics for each variable were produced to supplement the Wilcoxon test. 

All three tests were performed in order to see if the variables represent a statistically 

significant change between 2013 and 2016. The confidence level used for all three tests was 90%, 

thus alpha is .1 We chose to use the .1 level as opposed to the traditional .95 level because we are 

willing to make more type I errors (incorrectly reject the null hypothesis). This is because the 

data we are working with is not sensitive data and we are willing to make a 5% higher error in 

order to determine significance.  
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The methodology to analyze the focus groups started with listening and transcribing the 

interviews. Following this, we chose to categorize the answers to determine the frequency in 

responses. Finally, we established what the general consensus was for the community in regards 

to the impact of nucleus design housing in informal settlements. 

Results  

Intention to Move 
The McNemar’s test examines the difference in the frequency of responses between 2013 

and 2016 to see if there is a significant change in the number of people that responded whether or 

not they intended to move out of the informal communities.  Figure 6 and Appendix 15 shows 

the change in respondent answers from 2013 to 2016. The mean response positively indicating 

an intention to leave the community changes from .36 in 2013 to 0 in 2016. It is important to 

note that by 2016 all respondents chose to stay in the community. 

   

Figure 6: Charts on the intention to move 

 

The McNemar’s test resulted in a p-value of 0.063. Using two tailed test with a .1 

confidence level, thus we can reject the null hypothesis that the rate of responses between the 
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two samples (2013 and 2016) exist because of chance. There is a 6.3% chance of observing a 

difference as large as the one observed even if the two population median are identical. 

Therefore the medians of the two samples are statistically different. Since every household 

examined also received a house from Techo, a conclusion can be made that the intention to move, 

as a variable for satisfaction with current living situation, is related to living in Techo housing. 

Income per Household 
Figure 7 shows the distribution of income in 2013 compared to 2016. The average 

income per household (Appendix 16) decreased by $3.75 from 2013 to 2016, and the median 

income decreased by $45 over the same three years.  

The Wilcoxen Signed Rank test was performed with the sample size of 12, as two of the 

14 survey respondents chose not to answer. The resulting p value was .875. With a confidence 

level of .1 there is a failure to reject the null hypothesis that the medians of the two samples were 

statistically different. Therefore, even though there was a decrease in median income there is no 

evidence to suggest that the decrease is related to the implementation of Techo housing. 



Coffman & Kramer 

36 
 

 

 

Figure 7: 2013 and 2016 Household Income Counts 
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Proportion of Household reporting any type of illness 
According to the descriptive statistics (Appendix 17) the average proportion of people per 

household reporting any type of sickness went up .808 from 2013 to 2016. However, as shown in 

the pie charts of figure 8 the proportion of the total population reporting a sickness changed by 

only 3% from 2013 to 2016. 

 

Figure 7: Charts of Population Reporting Sickness 2013 and 2016 

The Wilcoxon Signed Rank Sum test was performed on this data to see if the difference 

between the proportions of people reporting sick per household varied significantly from 2013 to 

2016. The results to the test conclude that there is no significant difference between the median 

proportion of people per household reporting a sickness in 2013 and the median proportion of 

people per household reporting a sickness in 2016. With a confidence level of .1, the null 

hypothesis of the test is rejected because the p-value is .336. Therefore, there is no indication that 

the 3 years since the Techo housing was built related to a change in the median proportion of 

household members reporting a sickness of any type.  

Focus group results 
The following conclusions were made from the focus groups conducted in El Progreso #5 and 

Altos de Howard, three years after the housing was built. 

Regarding the overall Emergency Housing Project: 
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 Many respondents were impressed by the organization’s efficiency in completing the 

tasks they had planned to complete within their estimated time frame. 

 There is an agreement on an improvement in overall living conditions. 

Regarding changes in health conditions: 

 Common health conditions from previous housing situations include colds, fevers and 

skin irritation.  

 Some respondents noted a significant improvement in their children’s health once living 

in the Techo housing. 

Regarding nucleus housing design: 

 Previous housing made out of zinc and also had poor air circulation, creating a hot 

environment that contributed to uncomfortable living and in some cases poor health 

conditions.  

 Many responders wished the living areas were larger. 

 Some people reported having leaking due to the size and structure of the roofs. 

 Most participants made changes to the original nucleus design housing, either by 

changing building materials or expanding the housing structure. 

 Only a few respondents reported making regular investments in their houses. 

Regarding other changes or impacts that resulted from the emergency housing being built: 

 All participants agreed that the housing projects resulted in an overall positive affect on 

the communities. 

 It was reported that people felt more willing to participate in community development 

after the construction of emergency housing. 

 Some respondents also reported an improvement in community cohesion after Techo 

built houses in the community. 

Analysis 
The data collected from both surveys showed little significant change from 2013 to 2016. 

The intention to leave question represents a satisfaction with one’s current living situation. This 

was the only variable that was statistically significant from 2013 to 2016. In fact, all respondents 

in 2016 stated that they did not intend to leave the communities. Therefore, it is shown that there 
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was an overall improvement in living standards since the construction of the emergency housing. 

This is in agreement with the focus group data, in which all participants indicated a satisfaction 

with their new living arrangements. Another indication of this is the increase in willingness to 

participate in community development and improvement of community cohesion. If a person 

intends to stay in a community for a longer time period it is logical to expect them to also invest 

more in the overall community, as well as in the physical structure of the home by improving the 

nucleus housing design through increasing the size and changing the housing materials.  

The second variable examined overall household income. We chose to investigate income 

to see if there were any socioeconomic changes that occurred parallel to the improvement of the 

living situation. The survey data showed that there was no statistically significant change 

between 2013 and 2016. Furthermore, some households’ incomes increased and others’ 

decreased while the overall average remained very similar. This is to be expected given the small 

sample size. Furthermore, confounding variables may have also been at play affecting income, 

such as changes in welfare status and employment programs. Another limitation is that some 

respondents were not aware of the total income for their household or may have estimated the 

reported amount. Moreover, we are limited by the fact that the focus group data did not discuss 

this theme. Further research is needed to draw a correlation between income and emergency 

slum housing. 

The final statistical analysis was done on the data related to reporting sickness. The 

surveys showed no statistically significant difference between the proportions of each household 

that reported a sickness. This was concurrent with the aggregate data that showed only 3% 

change in the overall population’s percent of people reporting sickness. However, this is not in 

agreement with what was discussed in the focus group. Many focus group respondents reported 
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that the rashes from the previous housing, and their children’s overall health improved once they 

moved into the emergency housing. One explanation for this is that the surveys were not always 

conducted before the houses were built, but instead very soon after the families moved in. It is 

possible that the sicknesses reported such as colds and rashes were quickly alleviated before the 

survey was conducted. This data is also affected by the small sample size used. Further research 

should include more specific questions about types of ailments to show if they reported 

sicknesses are related to the housing or for example are genetic conditions that are unrelated. 

This will also provide a uniformity in what the respondents consider to be a sickness, since it is 

possible that while conducting the survey a respondent did not consider a rash or a minor cold to 

be worthy of including in their response. Finally, additional studies on long-term effects of living 

in poor housing conditions would bring attention to other impacts of living in inadequate housing 

that may not appear to affect people in the short term. 

Conclusion 
The road network and housing analysis conducted using GIS shows an enormous variation in 

access to metro stations. Our results show a large variation in population, access to arterial roads, 

and in the size of each catchment zone. The type of housing – formal, social, or informal – also 

varied widely across catchment areas. This creates a large differential in access to transit nodes. 

Our results show that those living in formal housing settlements usually have a shorter travel 

distance, more direct access to arterial roads, and a smaller population per metro station. This has 

direct socioeconomic implications: those who live in formal settlements, who are likely to be 

wealthier, have better access to transit nodes than those who live in informal settlements. The 

current road network and settlement pattern of Panama City will likely privilege some groups 

over others when the metro line is opened for use. Overall, we find that road networks do play a 
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significant role in facilitating access to transit nodes, and they also go hand in hand with other 

factors, such as housing type and walking distance.  

There is still a great deal of work to be done on this subject in future studies. For example, 

with more data, one could more directly examine variables such as average income per 

household per station. One could also calculate travel distance or shortest path to a metro station 

from different areas in the city as a way to investigate walking distance in different 

neighborhoods. Future studies could also explore the catchment zone further, perhaps using the 

ArcGIS Road Network Analysis expansion, to move beyond simple calculations of circular or 

neighborhood area catchment zones. Growth is expected to continue in Panama City, and the city 

government is planning to construct additional metro lines. Further analysis will be needed to 

ensure more equal access to these new lines. Furthermore, Latin America still remains 

underrepresented in the literature on road networks and access to transit.   

Our results of the emergency housing analysis show a general improvement in living 

conditions after Techo constructed the houses, but for most variables, there was no statistically 

significant change. We find that building emergency housing does make people more likely to 

want to remain in the community, which indicates an improvement in living standards. This links 

to Techo’s mission statement of community development, since people are more likely to be 

engaged in their communities if they are invested and plan to stay there long-term. This 

sentiment was echoed in the focus group, where people expressed that they felt that there was 

more community involvement after Techo’s work. However, there was no statistically significant 

change in income or health. Although people expressed a general sense of improvement in living 

conditions, more research is needed in order to state with statistical significance whether Techo’s 

work is helping to overcome poverty through changes in income and health.   
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Our research suggests that much more work is needed on this subject to find significant 

results that may help Techo improve their services. Future studies would benefit from a larger 

sample size and improved surveying methods. If possible, conducting long-term studies would 

allow an even richer view of the experience of families who receive Techo housing, since 

families are unlikely to see a large change in variables like employment and health in only 3 

years. Studies comparing family profiles might also prove useful, to see which types of 

households are the ones that benefit most from Techo’s services. Finally, a study comparing 

Techo’s emergency housing with government emergency housing could also yield interesting 

results.  

Finally, it is important to link these two projects under broader themes of urban planning, 

accessibility and improving living standards. Informal settlements like those that Techo works in 

lack access to infrastructure, such as public transit. The dynamic of the creation of informal 

settlements means that too often, settlements are built too quickly for the long-term planning 

required for a road network. Although NGOs like Techo may help in building houses and 

alleviating short-term poverty needs, these settlements still lack an efficient road network and 

access to transit. Although these communities may become formalized, these informal road 

networks are permanent, creating long-term accessibility issues to public goods such as transit. 

Urban poverty is not only a problem at the household level, but it is a broader issue of 

connectivity and lack of access to the city.  
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Appendix 
Appendix 1: Map of San Miguelito Metro station 

 
Appendix 2: Map of Paraiso metro station 
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Appendix 3: Map of Villa Lucre metro station 

 
Appendix 4: Map of El Crisol metro station 
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Appendix 5: Map of El Golf metro station 

 
Appendix 6: Map of Los Pueblos metro station 
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Appendix 7: Map of San Antonio metro station 

 
Appendix 8: Map of Pedregal metro station 
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Appendix 9: Map of UTP metro station 

 
Appendix 10: Map of Las Mañanitas metro station 



Coffman & Kramer 

50 
 

 
Appendix 11: Map of Hospital del Este metro station 

 
Appendix 12: Map of Altos de Tocumen metro station 
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Appendix 13: Map of Felipillo metro station  
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Appendix 14: Cartographic Model
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Appendix 15: Intention to Move Descriptive Statistics 

Descriptive Statistics 

 

N Mean 

Std. 

Deviation 

Minimu

m 

Maximu

m Percentiles 

     25th 

50th 

(Median) 75th 

intMove20

13 
14 .36 .497 0 1 .00 .00 1.00 

intMove20

16 
14 .00 .000 0 0 .00 .00 .00 

 

Appendix 16: Income Descriptive Statistics 

Descriptive Statistics 

 N Mean 

Std. 

Deviation Minimum Maximum 

Percentiles 

25th 

50th 

(Median) 75th 

income2013 
12 500.42 252.879 150 990 

272.5

0 
457.50 677.50 

income2016 
12 496.67 353.191 0 1162 

219.7

5 
412.50 745.00 

 

Appendix 17: Proportion per Family Reporting Sickness Descriptive Statistics 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

Percentiles 

25th 50th (Median) 75th 

propHHSik2013 14 .0521 .10772 .00 .33 .0000 .0000 .0500 

propHHSik2016 14 .1329 .27883 .00 1.00 .0000 .0000 .2325 


