


 
 

 

 

 

Abstract 

This dissertation uses a mixed methods design to analyze how the Colombian student-centered 

school model Escuela Nueva affects learning outcomes, and how well the model is implemented. 

Primary data from 78 schools in the department Quindío show large variation in implementation 

across schools, both overall and with regard to the model elements. On average, schools 

implement only around 62% of the elements. While schools that are officially classified as Escuela 

Nueva tend to implement more elements than conventional schools, the difference is not large, 

and considerable variation exists within each group. Qualitative data confirms these 

heterogeneities, and suggests that differences across schools are even larger than captured by 

the quantitative data, given the different ways in which the program is being used or adapted in 

practice.  

Learning outcomes are measured as scores on the national standardized test Pruebas SABER. 

Multilevel modeling techniques are used to analyze the scores from over 810,000 students in 

21,235 schools across Colombia. The results show that students in schools that are officially 

classified as Escuela Nueva score significantly better, the difference amounting to 10.5 to 23.2 

points (0.14 to 0.30 standard deviations). This effect is comparable to the effect of the difference 

of one socioeconomic level. Furthermore, Escuela Nueva tends to decrease the achievement gaps 

between socioeconomic levels and genders. The analysis also reveals large differences in the 

effect of the school model across municipalities and departments.  



 
 

 

For the department Quindío, the effect of the school model is analyzed using an implementation 

index instead of the official classifier. Data is available for 1,068 students in 76 schools, 

representing half of the department’s rural primary schools. Multilevel estimation generally 

shows no effect of program implementation, but cannot take into account the large relative 

sample size. Survey estimation techniques reveal a large effect of Escuela Nueva implementation 

for grade 3 mathematics and for civic competencies, where the difference in the expected score 

between a school with a low and one with a high implementation index is 140 to 220 points. The 

department-level analysis also confirms that the Escuela Nueva model helps to close gaps 

between socioeconomic levels.  
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1 Introduction 

In November of 2016, just weeks after Colombians voted “no” on the plebiscite about a peace 

deal with the guerilla organization FARC, hundreds of educators, researchers, policy makers, and 

other stakeholders gathered in Bogotá to discuss the present and future of a participatory school 

model that originated in Colombia’s coffee growing region four decades ago, Escuela Nueva. The 

panelists and audience members of the third Congreso Internacional de Escuelas Nuevas seemed 

to agree that providing access to quality education to all children remains a key challenge, and 

that more than ever schools also play an important role in promoting peace and mutual 

understanding and in building citizenship. There was a lot of optimism that the Escuela Nueva 

model might provide the key to achieving both of these.  

Another message stuck out from the panels: Despite Escuela Nueva’s large reach and fame, the 

formal evidence base is largely outdated and generally scarce, and many of the perceived benefits 

of the program are based on feelings, rather than on empirical data. One author of one of the few 

formal studies on the model said on a panel that we may not have a lot of hard data on what 

works and why, but when one visits an Escuela Nueva school, one simply feels that the 

atmosphere is different, the students are different, and the teachers are different. As important 

as these feelings are to inspire teachers and change makers, they cannot replace the insights that 

can be gained from thorough studies of the model. In order to improve the model’s 

implementation and to make its alleged benefits accessible to many more children around the 

world, positive feelings need to be accompanied by statistical evidence that the model is working.  
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This dissertation contributes to the body of empirical evidence about Escuela Nueva’s effect on 

learning outcomes. As it turns out, the first challenge arises when trying to define what constitutes 

an “Escuela Nueva”—maybe not in theory, but in practice, as the assumption that the program is 

properly implemented in all schools that auto-identify as an Escuela Nueva proves to be 

problematic. In order to really understand the effect of the school model, one needs to first know 

what is actually happening in the classrooms before one can try to correlate these classroom 

practices with learning outcomes.  

The relevance of this project extends beyond Colombia, as the provision of quality education 

remains a central concern in the field of Development Studies across the world. The Escuela Nueva 

model has already expanded to many other countries and regions (mostly within Latin America, 

but also to Africa and Asia), yet with mixed success. Increasing the knowledge base on the model 

not only serves academic interests, but can help inform continuous education policy reforms both 

in Colombia and in other parts of the world. 

The remainder of this dissertation is structured as follows. The rest of this introduction gives an 

overview on learning outcomes in Colombian primary schools, and presents the Colombian 

Escuela Nueva school model in detail. After discussing theoretical support for the school model, 

the introduction closes with formulating the problem that this research aims to address: How can 

learning outcomes in Colombia remain so poor, if an allegedly successful model has been widely 

used for decades?  

Chapter 2 contains a review of the existing evidence of Escuela Nueva implementation and 

program outcomes. It suggests, on the one hand, that program implementation is irregular and 

incomplete, and, on the other hand, that the school model helps to improve learning outcomes 
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as well as civic competencies. However, it also reveals methodological shortcomings of previous 

evaluation studies.  

Chapter 3 describes the methods that the dissertation applies. It first presents research 

hypotheses and research questions, and then introduces a mixed methods approach to test and 

answer them.  The chapter includes an extensive discussion of multilevel modeling techniques, 

which are argued to be the appropriate framework to analyze the effect of the Escuela Nueva 

model on learning outcomes. The chapter ends with a presentation of the database used for this 

study.  

Chapter 4 contains the country-level analysis of learning outcomes, which tests whether students 

in schools that are officially classified as Escuela Nueva schools can expect to score higher on the 

standardized test Pruebas SABER. The results based on multilevel modeling techniques suggest 

that this is the case, and that the model additionally helps to close achievement gaps between 

socioeconomic levels and genders.  

The data on program implementation in Quindío, a department in Colombia’s coffee growing 

region, is analyzed in chapter 5. After describing the implementation index that was constructed 

from primary data collected in 78 rural primary schools, the chapter compares implementation 

scores between the schools. This is done based on the overall index and on its individual 

dimensions. The data suggests that the model is not being implemented very faithfully, and that 

there is considerable heterogeneity both across and within schools. Furthermore, the data 

indicates that the official Escuela Nueva classifier is not a precise way of identifying Escuela Nueva 

schools. Qualitative evidence confirms these quantitative results and provides some more insights 

into the way that the model elements are being used, or not used, in the department.  
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Using the index developed in chapter 5 to measure Escuela Nueva implementation, chapter 6 

analyzes Pruebas SABER test score in Quindío. The results provide some evidence for the 

hypothesis that Escuela Nueva improves learning outcomes, but the results are not as clear as in 

the country-level study. Where there are statistically significant effects, they are large; but that is 

only the case for grade 3 mathematics and for civic competencies. The discussion of the results 

suggests that this may be due to the low statistical power of the analysis, rather than to the lack 

of an effect in the study population.  

Finally, chapter 7 summarizes the findings and discusses limitations of the research as well as 

areas of future research. The chapter closes with a list of policy recommendations.  

1.1 Learning outcomes in Colombia 

Education has been a top priority on the International Development agenda for decades, and 

rightly so: the social and economic benefits of education are obvious and manifold, ranging from 

increased levels of productivity and economic opportunities to better health, lower fertility, 

higher self-esteem, improved civil engagement and political participation, and far beyond. In the 

past decade, the focus of research and policy interest has shifted from questions of mere access 

to issues of quality and equity. Bringing children from deprived backgrounds to school and keeping 

them there is still a challenge, but it is equally important that they acquire meaningful skills and 

knowledge while they are in class. Evidence is accumulating that the link between school 

attendance and learning outcomes is often not very strong, as will be shown in the following 

pages.  

We all know from our own experience that being in school does not necessarily equate to learning, 

and in resource-deprived contexts this problem is often magnified. Can we really expect a 

chronically malnourished daughter of illiterate parents who is sharing the classroom with 50 other 
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children and listens to a poorly trained and often-absent teacher lecturing in a language she barely 

understands to somehow be able to read, write, and do basic math upon graduation? Yet, this 

has been the working assumption in international development for a long time: It has been 

common practice to define and measure educational program and policy goals in terms of inputs 

or, at best, direct outputs, and not in terms of learning outcomes. Common program goals have 

been to increase the enrollment rate, decrease the student-teacher ratio, expand spending on 

education, increase the graduation rate, and so on.1 

For a large part, a focus on inputs and outputs is the result of data constraints: Counting the 

number of students in a classroom is a lot easier than determining what they learned. However, 

the growing number of studies that try and focus on educational outcomes (instead of on inputs 

or outputs) show that the difference between these approaches cannot simply be dismissed as 

“noise” in the data. It turns out that the discrepancies are substantial.  

Two of the first authors to point out these discrepancies were Nancy Birdsall and Jere Behrman, 

in a paper published as far back as 1983 (Behrman and Birdsall 1983). The authors show 

theoretically and empirically for the case of Brazil that estimates of returns to education are 

seriously biased if education is only measured by years of schooling (which is only a measure of 

attendance and not of learning outcomes). Using a very simple measure of education quality—

namely, the teachers’ education level—the authors formally incorporate schooling quality in the 

standard Mincerian framework.2 Accounting for education quality cuts the estimated effect of 

                                                           
 

1 For instance, the second Millennium Development Goal was to get all children enrolled in school; it did 
not say anything about desired learning outcomes 
2 Jacob Mincer (1958) and Gery S. Becker (1965), the founders of neoclassical human capital theory, set up 
a formal microeconomic model connecting investment in education to the level of income that individuals 
can expect over their lifetimes. The basic idea is that personal income is a function of human capital that 
can be accumulated through education; and individuals (or families) can chose to forgo current 
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years of schooling on expected income in half and explains a significant part of the variation in 

returns to schooling over space and among individuals. Recent data shows that Colombia is a case 

in point. 

 

 

 

 

Figure 1 shows participation and completion statistics for primary and lower secondary education 

for Colombia from 1984 to 2014. In 2014, the most recent year for which data is available, the 

country’s primary gross enrollment rate was 113.7%, the adjusted primary net enrollment rate 

                                                           
 

consumption in order to invest in their (children’s) education so that their future income increases. This 
simple idea had a considerable impact on the field of economics and related areas and triggered a wide 
range of theoretical and empirical work trying to refine and the model and to prove its validity and 
usefulness for the real world.  

Figure 1 Education Participation in Colombia, 1984-2014. Data source: World Bank (2016) 
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was 92.3%, the primary completion rate was 100.6%, and the lower secondary completion rate 

was 78.2% (World Bank 2016). Hence, the numbers seem to show that most of Colombia’s 

children are in school and can expect to complete basic education.  

However, a closer look at the apparently good numbers points towards some potential quality 

and equity issues. A first indication is the large difference between gross enrollment and adjusted 

net enrollment. The gross enrollment rate captures total enrollment in primary schools, 

regardless of age, expressed as a percentage of the population of official primary education age. 

A rate of 113.7% thus indicates that many of the children enrolled in primary school are above 

primary school age. The adjusted net enrollment rate, which looks only at pupils of the official 

primary school age group, is with 92.3% in 2014 significantly lower. This reflects a high over-age 

enrollment ratio of 21% in 2014, indicating that one out of every five students in Colombia’s 

primary schools is over the official primary school age – a result of both late entrance and frequent 

grade repetition. Over-age primary school attendance is a particularly common problem in rural 

areas, where the ratio for the last available year, 2010, was as high as 29%. It is also a common 

problem among the poorest quintile, where the ratio reached 33%. Among male students from 

the poorest quintile living in rural areas, the over-age primary school attendance rate was a 

staggering 39% (UNESCO EFA 2013).  

Second, and related, in 2013 the survival rate to the last grade of primary was only 83.5% (World 

Bank 2016). While the same indicator is not available on a disaggregated level, UNESCO EFA (2013) 

reports that the 2010 primary completion rate among the age group of 15-24 years was only 82% 

in rural areas, 78% among the poorest quintile, and 76% among rural males from the poorest 

quintile. This indicates that addressing the issue of primary school drop-out continues to be crucial 

when it comes to improving educational outcomes for disadvantaged students.  
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If indicators of educational quantity show some shortcomings, indicators of educational quality 

reveal true deficiencies. Results from international school achievement tests suggest that 

Colombia’s schools do a bad job in teaching children skills and knowledge. For instance, 61% of 

Colombian 8th graders (i.e., children who actually are in school!) showed below low proficiency 

levels on the 2007 round of TIMSS (Trends in International Mathematics and Science Study). In 

other lower income countries, only 45.4% of students performed as poorly. Reversely, only 2% of 

Colombian 8th graders showed high levels of proficiency, and 0% showed an advanced level, 

compared to 6% and 1.1%, respectively, of 8th graders from other lower income countries. Only 

11% of Colombian students performed at least at an intermediate level, compared to 25.5% in 

other lower income countries (World Bank 2010, xiv). Results from international reading 

performance tests are no less alarming. For instance, in the 2011 round of PIRLS (Progress in 

International Reading Literacy Study), 28% of Colombian 4th graders scored below the low 

international benchmark (international median: 5%), while only 10% reached the high 

international benchmark (international median: 44%) (Mullis et al. 2012, 68).  

What does this tell us? Even though Colombia’s participation statistics show a little room for 

improvement, they are not abysmal; most children attend school and can expect to graduate from 

primary school, and 8 out of 10 children even graduate from lower secondary school. However, 

only 1 out of 10 secondary students obtains the expected mathematics skills while in school, and 

only 7 out of 10 primary school students obtain basic reading skills. And, for what it is worth, this 

does not even tell us anything about problem-solving or life skills, but is simply about the capacity 

to read in the language of instruction.  

It is revealing to look at some of these numbers on a more disaggregated level. Figure 2 depicts 

the results of the 2007 TIMSS round for primary education-aged children (4th graders). Children 

from the poorest quintile were far less likely to have learned basics in mathematics than their 
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richer peers (27% in the poorest quintile versus 50% in the richest one; the country average is 

38%). In both income groups—but especially so in the poorer one—fewer girls than boys had 

learned the basics, and children from rural areas typically performed worse than children from 

urban areas (except for poor males). Only 16% of poor girls from rural areas were able to solve 

basic mathematics problems after attending school for four years, while 59% of well-off boys 

(from both urban and rural areas) were able to do so.  

 

 

 
Figure 2 Percentage of primary students (4th graders) who learned basics in mathematics: Differences by wealth 
quintile, gender, and area (Source: UNESCO EFA 2013). 

 

 

Hence, after successfully providing access to basic education for the vast majority of its children, 

Colombia faces another important challenge: How can the country make sure that all children 
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benefit from their time in school? How can it offer them an education that is meaningful and 

successful in creating skills and competencies? And how can it make sure that the school 

addresses the specific needs of children from very different backgrounds, so that wealth, gender, 

or area of residence do not continue to predetermine a child’s learning outcomes? For its primary 

schools, Colombia seems to have found an answer in an innovative school model, Escuela Nueva 

(“New School”). This school model will be introduced on the following pages.  

1.2 The Escuela Nueva model 

Based on UNESCO’s multi-grade school reform strategy of the 1960s and 70s, Escuela Nueva (EN) 

started as a grassroots movement led by a group of rural teachers and educators (among them 

Vicky Colbert3 who, up to this date, is spearheading the expansion of the model as Executive 

Director of the NGO Fundación Escuela Nueva). This group had the vision to create a school that 

would respond to the specific needs of children in an isolated poor area. Since then, EN has 

become national policy: EN schools are public schools that are financed by the government, but 

they use materials and approaches that often differ from “conventional” schools. As Torres (1992) 

puts it, this is perhaps the model’s greatest merit and most promising aspect: EN is not an 

alternative to formal or state education, but an alternative within the formal and public education 

system. This clearly distinguishes EN from many other educational programs that target 

                                                           
 

3 To this day, Vicky Colbert has played a central role in EN’s development and implementation. After earning 
a Master’s degree in Education from Stanford University, she returned to her home country Colombia to 
work in some of the poorest, most isolated rural schools. Since then, she developed, expanded, and 
sustained this social innovation in different roles: as Escuela Nueva National Coordinator, as Vice-Minister 
of Education of Colombia, as UNICEF Regional Education Adviser for the LAC Region, and as Director of 
Fundación Escuela Nueva (FEN), a Colombian NGO that she founded in 1987 to ensure the quality and 
sustainability of the model. Vicky Colbert has received numerous prestigious awards for her work, among 
them the Camilo Torres Medal in Education, awarded by the Colombian Ministry of Education in 2001; the 
Skoll Award for Social Entrepreneurship in 2006; the Clinton Global Citizenship Award in 2007; and the Wise 
Prize for Education in 2013, just to name a few.  
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disadvantaged children around the world. Today there are around 20,000 EN schools across 

Colombia, most of them in rural areas. Officially, about half of the country’s primary schools have 

adopted the EN model (ICFES 2010).  

Interestingly, there are no general, established rules on the adaption of the model. Schools and 

local authorities are free to choose from a range of educational models, the EN approach being 

one of them.4 Some departments, such as Boyacá, actively promote the model and spend 

significant resources on the development of materials and on teacher training. Other 

departments, such as Quindío, have officially turned all of their rural schools into EN schools, yet 

there are few resources dedicated to the program’s implementation. Still other departments 

seem to have no official policy strategy, leaving the decision entirely up to the individual 

municipalities or schools.  

This variation in the official adaption of the model is at least partly due to the large level of 

autonomy that Colombian departments, municipalities, and schools have in the field of education. 

The Constitución de 1991, the Ley General de Educación de 1994, and the Ley 715 de 2001 

transferred many responsibilities for the provision, funding, and supervision of primary and 

secondary schools to the departments and municipalities, and gave considerable autonomy to the 

individual schools with regards to curriculum and evaluation (OECD 2016, 42). Thus, the central 

government can no longer mandate the use of specific school models. Furthermore, the 

autonomy of municipalities and schools to promote or choose a specific school model is 

                                                           
 

4 According to the Colombian Ministry of National Education (Ministerio de Educación Nacional n.d.), a 
school model is a defined set of strategies, pedagogical, and didactical principles in order to provide relevant 
and high-quality education to a target population with specific characteristics. In doing so, a model uses a 
defined set of educational materials and training processes. The ministry provides a catalogue of different 
schools models that the individual schools may or may not use. Note that for the purpose of this research 
project, the terms “school model” and “educational model” are used synonymously.  
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somewhat constrained by the departmental Secretaries of Education’s budgetary decisions. In 

short, the choice of an educational model is a complex process, and the distribution of EN schools 

across Colombia is not standardized.  

 

The EN model tries to address the specific needs of disadvantaged children in rural areas and, 

more recently, of children in poor urban areas. According to Vicky Colbert (2009), EN’s core 

assumption is that the overall quality of education can only improve if creative changes 

throughout the school model are made. Furthermore, systematic change can be possible only if 

the model includes plans to go to scale. In accordance with these two core ideas—creative change 

throughout the system and replicability—a number of key characteristics emerged (Colbert 2009; 

McEwan 2008; Forero-Pineda, Escobar-Rodriguéz, and Molina 2006). They are systemized and 

visualized as a conceptual framework in Figure 3 and are summarized below.  
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Escuela  
Nueva 

Teacher Training/Support 

Pre-service training 

In-service training and support 

Model Schools 

Regular Mentoring Visits 

Exchange of experiences 

Classroom Organization 

Learning Corners 

Flexible Furniture 

Classroom Library 

Escuela Nueva Instruments 

Multi-grade classrooms 

Community Relations 

Flat administrative structure 

Parental involvement 

Community involvement 

Learning Guides 

Teacher Guides 

Holistic use 

Adaption to local context 

Promotion of active learning 

Student Guides 

Promotion of active learning  

Use alone, in pairs, in groups 

Carry activities out in note book 

Reuse by next class 

Roles of students 

School democracy 

Student government 

Committees  

Shared responsibilities  

Student-centered/active learning 

Work alone, in pairs, in groups 

Teachers as guides 

Assistance self-reported 

Peer-to-peer tutoring 

Progress reports 

Figure 3: Conceptual Fram
ew

ork of Escuela Nueva M
odel. Source: Author’s depiction 
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It may be telling that the conceptual model presented in Figure 3 is a depiction of the author. 

While descriptions of the model’s key characteristics can be found in different publications on the 

EN model, to the best of the author’s knowledge there is no official conceptual model or coherent 

catalogue of model elements describing the characteristics of each element together with its role 

and purpose in the model and its relationship to other elements. At least in part, this lack of 

detailed standardization is due to the intent to keep the model flexible and open for local 

adaptions – the more detailed and prescriptive the guidelines are, the less adaptable the model 

becomes. However, less detailed and less prescriptive guidelines can also cause problems when 

scaling up, requiring better training and preparation of the individual teachers. This tension 

between replicability and adaptability has not been fully resolved. That being said, the key 

dimensions of the model are clearly spelled out and described in several publications. What 

follows is a description of these key dimensions and some of their elements. 

The first key characteristic is a new role of students, who play the leading part in their own 

education through active, participatory, and reflective learning. “Soft skills” such as cooperation, 

democratic attitudes, and an improved self-concept are explicit aims of the model. The focus lies 

on teaching children the ability to acquire and apply knowledge and skills. In that sense, 

knowledge is not “imposed” onto them, but they are guided to construct it. All of this is achieved 

by shifting from a focus on lectures to a student-centered school where students work alone, in 

pairs, and in groups. The role of the teacher shifts to that of a guide or mentor, and students are 

encouraged to help each other through peer-to-peer tutoring. Students are also encouraged to 

take responsibility for their own learning by self-reporting their assistance and by choosing when 

to be tested on their learning progress (flexible progress reports). The model uses flexible 

promotion, meaning that there is no grade repetition. Instead, a student advances to the next 

grade level whenever all grade requirements of a given content area are fulfilled. This allows 
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children to advance at their own pace or to leave school temporarily, which is particularly 

important for poor families: It is very common for children from such families to be required to 

help with household or farming tasks for short or extended periods of time to contribute to the 

survival of the family. In conventional schools, this typically leads to high drop-out rates as it 

becomes hard or impossible to catch up with the class once the child returns to class.  

The active learning approach extends beyond academic goals: School democracy is a guiding 

principle, with the aim of having students learn civic behavior through everyday experience.  At 

the beginning of every year, students elect their student governments and organize themselves 

in committees (such as a red cross committee, a cleaning committee, a conflict mediation 

committee, and others). In these roles, students take an active role in everyday classroom 

decisions and share the responsibilities for the organization of their schools. By integrating 

democracy and shared responsibilities into everyday school life, EN aims to increase students’ 

civic competencies and promote a peaceful, democratic society.  

The classroom organization in EN schools is different from conventional schools in order to 

facilitate the different learning style. EN schools have multi-grade classrooms, which is not seen 

as a disadvantage but as an integral part of the model, because it facilitates topic-centered 

learning and learning from peers. Classrooms are equipped with special flexible furniture that can 

be moved around to accommodate work in pairs or groups. For each subject matter, there are 

learning corners that are stocked with didactic materials from the community. Being able to use 

such familiar materials helps students to better relate with the curriculum contents. There are 

classroom libraries that contain reference books and literature, and students are encouraged to 

use the library regularly to learn more about a topic. Last but not least, each classroom contains 

a series of EN instruments, such as a board of values, a box for suggestions, and a letter box for 

each student to send and receive friendship mail.  
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A key element of the EN model are the self-instructional learning guides that serve as pivotal 

workbooks. The learning guides integrate the core national curriculum with regional or local topics 

and each child’s personal experience. There are guides for teachers and guides for students. 

Teacher guides support the teacher in the application of the model and in the promotion of active 

learning. Teachers are guided to adapt the guides to the local context by changing the proposed 

lesson plans to reflect the priorities and realities of their schools. Student guides are designed to 

promote active learning: For each lesson, there are basic, practice, and application activities that 

direct students to work alone, in pairs, in groups, or with their families to acquire skills and 

knowledge. Even though each student works with his or her own learning guide, all activities are 

designed to be carried out in note books, so that the learning guides can be reused by the next 

class.  

The new role for teachers as guides and facilitators rather than lecturers requires a new form of 

teacher training and support. When a teacher first starts teaching in an EN school, he or she 

undergoes a series of pre-service training workshops, each one lasting for several days to a week. 

The workshops use the EN methodology to train teachers in the correct use of the EN 

methodology and all of its aspects. Equally important, a special in-service training and support 

program for teachers helps to foster the exchange of ideas and experiences among teachers. 

Teachers can visit model schools where the EN model is implemented particularly well. This allows 

them to observe the model’s application in practice and provides them the opportunity for 

professional interaction. On a monthly basis, they can participate in local “micro centers”, which 

are meetings of teachers of the area that again provide support and an opportunity to discuss 

problems and to exchange ideas. Additionally, EN teachers receive regular mentoring visits in their 

own schools, which provides them with feedback and another opportunity to discuss challenges.  
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Last but not least, EN schools have a focus on community relations and a strong appreciation for 

the local culture. Parents and the wider community are actively involved in the school life, and 

local culture and knowledge are integrated into the curriculum. This is achieved through school 

festivities and events, learning activities that require the input of families and community 

members, and different other instruments such as a “traveling journal” that is passed on from 

family to family, community maps, community monographs, and more. Furthermore, EN schools 

have a horizontal and collaborative administrative structure that encourages the participation of 

the entire educational community in school-related decision-making. 

1.3 Theoretic support for the Escuela Nueva model 

Critical and progressive pedagogy is an important area of theoretical study, and the works of 

educators such as Maria Montessori (1912) and Rudolf Steiner (1919), with their focus on student-

centered learning, have been highly influential. However, the EN model itself was not first 

conceived on theoretical grounds and then put into practice. Rather, EN emerged as a grassroots 

solution to the educational challenges faced by practitioners. Likewise, the expansion of the 

model was not driven by a theoretic paradigm shift in Colombia’s primary education sector, but 

through lobbying efforts of EN practitioners inspired by the perception that EN schools produced 

tangible results. Even if the theoretical discussion can thus not be based on the model per se, the 

model’s emergence, underlying assumptions, and potential effects on learning outcomes can best 

be understood against the background of the critical pedagogy movement. This movement 

emerged in Latin America in the late 1960s and 70s, and its principles are closely associated with 

the Brazilian educator Paulo Freire.  

Paulo Freire was convinced that education is not just about the dissemination of knowledge; it is 

also a tool of either social oppression or liberation (Freire 1970). Only a type of pedagogy that 
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gives the individuals the central role in their own education can build up an active, informed 

citizenry. With this in mind, Freire argues against what he calls the banking model of education, 

in which the student is treated as an empty vessel that is to be filled by the teacher through the 

transfer of knowledge. For him, this traditional model of education—where an all-knowing 

teacher lectures a group of students who listen quietly—is doomed to fail in educating an active 

citizenry, as it negates the agency of the individual student by reproducing the oppressive power 

structure of the society. Freire was convinced that education itself is a political act that should 

have the aim of liberating all individuals in order for both the “oppressors” and the “oppressed” 

to regain their humanity. The pedagogy that is employed needs to reflect this true aim of 

education; it needs to start from each individual’s experiences in order to be relevant for the 

individual’s life and to have the potential of political liberation. As knowledge cannot be simply 

transferred from the teacher to the students, but has to be constructed by the students 

themselves, only education that is perceived as relevant by the student will result in actual 

learning. Freire gives an example of his experience in teaching reading and writing skills to a group 

of peasants. With his method, which focused on first establishing words that had a high practical 

(and political) significance for the peasants’ lives, it took only a few months for peasants to acquire 

basic literacy. 

Even though Freire’s writings focus on the education of adults, the EN school model can be 

understood in the context of his work. Based on Freire’s theories, the EN model’s student-

centered and participatory approach can be expected to lead to increased civic competences 

through the practice of liberation in everyday school life. It can also be expected to lead to better 

learning outcomes, as the EN pedagogy is based on integrating the everyday-experience of 

students into the curriculum in order to make the learning more relevant for students’ daily lives. 
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Freire’s idea of student-centered learning is rooted in constructivist learning theories. 

Constructivism asserts that new knowledge is gained (constructed) by incorporating new 

experiences into an existing mental framework. This incorporation can take the form of 

assimilation (where new knowledge is added to an existing scheme without changing it), or 

accommodation (where the scheme is altered in order to fit the new experiences) (Piaget 1953; 

cit. in Ultanir 2012). This theory of learning implies that education has to start with the individual 

in order to be effective, as every learner has a different existing mental framework that results 

from their personal biography. Contrasted with traditional teaching methods, where the teacher 

lectures the same content to the entire class, it is thus expected that the student-centered EN 

model is more effective in helping students learn. 

Student-centered learning theories that follow the traditions of Piaget and Freire have again 

become very popular among educational theorists starting in the 1990s. A myriad of learning 

theories have emerged that are all variations of the basic idea, including (but not limited to) 

problem-based learning, anchored instruction, cognitive apprenticeships, reciprocal teaching, 

goal-based scenarios, project-based learning, constructivist learning environments, and open 

learning environments (Land and Hannafin 2000). While these theories vary in their methods, 

they share the common understanding that learning is best achieved in a student-centered 

approach. The EN model, while not developed explicitly from the same theoretical basis, joins this 

list of student-centered approaches. 

From the perspective of building citizenship, Freire’s work is strongly influenced by the writings 

of John Dewey. For Dewey, universal suffrage is not enough to call a society democratic. What is 

necessary for democracy is to ensure a fully formed public opinion that presupposes effective 

communication among professional politicians, citizens, and experts. Schools should be the place 

where children learn and exercise these democratic practices (Dewey 1916). Education as a social 
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process should be designed in a way that reflects the desired (not necessarily the existing) 

structures of a society, so that it can serve as a model to transform society as a whole. Schools 

have to foster interest in social relationships and provide children with the necessary tools to take 

informed action that can provoke social change; these skills are necessary for a society to be fully 

able to form a public opinion. According to Dewey, the necessary spirit of social cooperation can 

be developed only if children are taught in a way that reflects that ideal, which requires a 

pedagogy that encourages students to develop insight, make connections, and participate in the 

school community (Pitt 2002).  

Dewey’s idea that the school has to be a live-in role model for democracy in order for students to 

develop civic competencies has been updated over the course of the century, and is today more 

actively discussed than ever. Most importantly, student participation in school has come to be 

seen as the core of citizenship education (Citizenship Advisory Group 1998; Holdsworth 2000; 

Mager and Nowak 2012). Schools can be a model for a democratic society as a whole. In this 

setting, students can practice their civic skills in a safe environment by engaging in decision-

making processes that affect them, and thus develop the necessary knowledge, skills, and 

attitudes that will later allow them to take an informed and active role in society (Mager and 

Nowak 2012). As EN provides such an environment in which students can participate in decision-

making both on the classroom- and on the school-level, it is expected that EN students have better 

civic competences than students taught in conventional schools.  

1.4 Problem statement 

Two key takeaways emerge from the previous sections. First, Colombia’s education sector faces 

serious problems with regard to quantity, quality, and equity of primary education. Full primary 

enrollment is still to be achieved – today, about one in ten Colombian children of primary school 
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age do not attend primary school, which means that the quantity of primary education provided 

needs to increase. Equally important, educational quality needs to improve: Even among those 

attending school, many children graduate from primary school without having acquired basic 

numeracy and literacy skills. Finally, educational equity leaves much to be desired: Gender, social 

background, and area of residency have a large impact on the educational chances of children, 

leaving especially poor girls from rural areas at a disadvantage.  

Second, Colombia has developed a progressive school model that aims to address all of these 

challenges. The EN model takes a student-centered, active approach to learning and provides 

flexible answers to the specific challenges that disadvantaged children face. Even though EN itself 

was not built on a theoretic framework, the theoretic literature on participatory, student-

centered learning supports the model’s claim and suggests that the school model is suitable to 

improving both academic outcomes and civic competencies. EN has been in existence for around 

four decades, and today reaches about half of all Colombian rural schools, as well as a growing 

number of urban ones.  

Taken together, these two takeaways raise a question: Does the EN model work in practice? In 

other words, if so many Colombian children today attend an EN school, yet schooling outcomes 

(in terms of overage enrollment, drop-out, and learning achievements) remain so poor, is the 

school model not living up to its promise? Figure 1 on page 6 suggests that key enrollment 

indicators have barely improved for the primary sector since the mid-1990s. How can one make 

sense of this when the EN model has been in wide use for decades?  

There are two possible answers to these questions: Either the EN model does not improve 

learning outcomes, or the EN model works but is not being used in many schools, at least not 

properly. Clearly, an appropriate education policy response would look very different depending 
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on which of these answers is more in line with empirical evidence. This dissertation will provide 

some of this evidence and thereby contribute to a better understanding of the challenges that 

Colombia’s primary education sector currently faces.  
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2 Literature Review 

The aim of this literature review is to summarize the available evidence on Escuela Nueva program 

implementation and program outcomes. Section 2.1 shows that the knowledge base on program 

implementation is thin, and that it points towards irregular and incomplete use of the school 

model’s elements. The outcomes of the school model have been studied somewhat more 

thoroughly, as section 2.2 discusses. The review suggests that the model has a positive effect on 

learning outcomes, but it also reveals methodological shortcomings in the available literature.   

2.1 Program implementation 

Previous evaluation studies show that program implementation has been inconsistent. On the 

one hand, many schools that are officially classified as EN have implemented only parts of the 

methodology; on the other hand, many conventional schools use some of EN’s curriculum and 

design elements (such as classroom libraries and group work). Consequently, EN and non-EN 

schools may often differ only on paper.  

While not explicitly analyzing the question of program implementation, an early evaluation of the 

program (Rojas and Castillo 1988, see below) mentions that the student government had been 

organized in only about half of the EN schools. Similarly, a paper by Loera and McGinn (1992; cited 

in McGinn 1998, 46) found no significant differences between conventional and EN rural schools 

in terms of teacher practices. Additionally, there were no significant differences between the two 

types of schools in terms of the kinds of inputs they receive. The study was not designed as an EN 

evaluation, yet the national random sample of 180 rural and urban schools included 54 schools 
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classified as EN and 27 classified as conventional rural schools, thus allowing for some 

comparisons between these school types.   

This finding was further substantiated by McEwan (1998). Although the data for this paper was 

likewise not originally collected to evaluate the EN program, some information is available on 

program implementation because the surveys collected information on school and classroom 

inputs as well as on teaching practices in all schools (for instance, on group work and library use). 

McEwan finds that while EN are more likely than conventional schools to use EN methodologies, 

there is considerable overlap between the models.  

Building on this finding, Forero-Pineda, Escobar-Rodriguéz, and Molina (2006) construct an 

implementation index for the EN methodology from information that was obtained in a survey in 

2001 from students in 25 schools (15 of which were officially EN) in 6 municipalities in the 

Colombian coffee growing region. Similar to McEwan, the authors conclude that official EN 

schools tend to have higher index values than conventional schools, but that the difference is not 

clear-cut. 

What is interesting is that variance in the adoption of EN methods can be found both in official 

EN schools and in conventional schools. On the one hand, this suggests deficiencies in the degree 

of implementation and irregularities in the use of the model. On the other hand, this may also 

point to possible spill-over or contamination effects that occur through various channels. For 

instance, teachers who have been trained in EN pedagogy may have changed their appointment 

over time and switched to conventional schools, thus taking EN pedagogy components into 

officially conventional classroom environments. It is also possible that informal contact and 

exchange of experiences between teachers from EN and non-EN may motivate teachers from 

conventional schools to adapt some EN elements.  
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In any case, the official classification does not seem to be a reliable identifier for the use of the 

EN model. The studies by McEwan and Forero-Pineda, Escobar-Rodriguéz, and Molina are not 

suited to grasp the extent of program implementation for two reasons. First, the implementation 

measures used are deficient. The former study uses only proxy data for program implementation 

(that may additionally be considered outdated today). The latter uses a somewhat more elaborate 

index consisting of two dimensions (classroom organization5 and level of teacher training6), yet 

this index is also far from capturing the entire spectrum of EN characteristics (as outlined in 

section 1.2). Second, the sample size used for both studies is rather small (52 and 25 schools, 

respectively) and thus not suited for generalizing statements. The present dissertation research 

project is thus the first one to analyze program implementation in an extensive manner. 

There is little discussion in the literature about the reasons for the irregularities in EN 

implementation among designated EN schools. Anecdotal evidence from both evaluation reports 

and informal discussions with Fundación Escuela Nueva staff suggest that individual teachers 

heavily drive the model’s implementation. This poses a challenge from a research and 

implementation science perspective, as many relevant teacher characteristics (motivation, 

creativity, charisma, etc.) are very hard to measure, let alone control. Further drivers of program 

implementation are local leaders and authorities, and there even was a push from the federal 

level for the model’s dissemination when it became national policy. Everything put together, it is 

not clear why schools that officially classify themselves as EN show such large differences in actual 

                                                           
 

5 The elements are: desk or table organization (individual, couple, group), the way subjects are presented 
and developed, the use and number of personal study guides available, the frequency of group activities, 
the existence and use of classroom libraries and learning corners, and curricular flexibility. 
6 The elements are: number and level of training workshops the teachers have attended, and level of micro-
center activities. 
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implementation. The part of this research project that deals with this topic area is therefore of 

exploratory, hypotheses-generating nature.  

2.2 Program outcomes 

Existing evidence provides a strong basis for the belief that the EN model is better in improving 

learning outcomes and civic competencies than Colombia’s conventional school model. Support 

for this claim can be found on three levels: First, in studies that explicitly evaluate the EN 

approach; second, in various analyses of the Colombian school system that find elements to be 

important that are typically associated with EN schools; and third, on a very general level in 

studies about participatory learning and other program elements in other, international contexts. 

Evidence from all three levels are presented below for the areas of academic achievements and 

civic competencies.  

2.2.1 Academic achievements 

2.2.1.1 Escuela Nueva evaluations 

The first evaluation of the EN program was conducted in 1987 and consisted of a simple 

comparison of average test scores between EN and non-EN students (Rojas and Castillo 1988; cit. 

in Velez 1991; and Psacharopoulos, Rojas, and Velez 1992). Data was collected for 3,033 students 

from 168 EN and 60 conventional schools, where EN were randomly selected out of all schools 

that had, according to official records, completely implemented all EN components for at least 

five years. Comparison schools were chosen from the same districts where EN schools were part 

of the sample. As students had no choice in what school to go to but were required to enroll in 

the closest school, the sample is free of self-selection bias on the student-level. A questionnaire 

was given to students and teachers to obtain information on student, teacher, and school 

characteristics. The study makes no attempt to take implementation issues into account but 



27 
 

 

assumes that the model was homogenously implemented across all schools. The purely 

descriptive data analysis suggests that scores are better in EN schools, but does not control for 

any other factors that may explain the differences. Velez (1991) recognizes the limitations of the 

descriptive study design and expands the analysis of the same data set by fitting a standard OLS 

model to the original data for around 1.677 3rd graders, controlling for some student 

characteristics. This analysis suggests that EN students do significantly better in mathematics and 

Spanish.  

The same data set is again analyzed by Psacharopoulos, Rojas, and Velez (1992). Standard OLS 

estimations are run that include student, family, school, and teacher characteristics in order to 

control for the socioeconomic and environmental factors that might influence school 

achievements. The study’s main finding is that achievements in mathematics and language are 

generally higher for EN students. Furthermore, drop-out rates are lower for EN.  

These results were generally confirmed in the previously mentioned paper published by McEwan 

six years later (McEwan 1998). His research design is also a posttest-only comparison between EN 

and conventional schools, but McEwan uses secondary data for a representative random sample 

of “B calendar” rural primary schools from three Colombian departments (Valle, Cauca, and 

Nariño). The dataset consists of 52 schools, 24 of which are officially classified as EN. Students’ 

self-selection is again not an issue as the schools are relatively isolated and students have no 

choice in which school to attend. The data had been collected through surveys that were 

completed by each school's principal, the teacher of the surveyed classroom, and the students, 

who also were administered tests in mathematics and Spanish. McEwan uses standard OLS 

regression analysis in order to control for student, school, teacher, and family characteristics. 

McEwan finds significant positive effects of the EN model on Spanish and mathematics 
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achievement, even after controlling for specific input differences, which suggests that the EN 

model is more than just the sum of its measurable input factors.  

2.2.1.2 Other studies on determinants of learning outcomes in Colombia 

Apart from the studies that explicitly look at EN’s academic outcomes, some indications of the 

model’s positive effects can also be found in the more general literature on the determinants of 

educational achievements in Colombia. Three studies are of particular interest in this context, as 

their authors explicitly discuss the EN model, despite a broader focus of their studies.  

Casassus et al. (2000) analyze the results of an international standardized test, the Primer Estudio 

Internacional Comparativo en Lenguaje, Matemática y Factores Asociados, organized in 1997 by 

the Laboratorio Latinoamericano de Evaluación de Calidad de la Educación (LLECE) among 3rd and 

4th graders in countries of Latin America and the Caribbean. They find that about one-third of the 

variance in LLEVE scores between schools is explained by school-related factors such as the 

existence of a large library, a good classroom environment, well-trained teachers, classroom-level 

tutors, and a low student-teacher ratio. Furthermore, parents’ involvement in the school life, as 

well as a higher level of teacher autonomy have positive effects. Given that these factors are all 

part of the (ideal-typical) EN model, it comes as no surprise that the authors explicitly point out 

that EN schools seem to achieve better results. Note, however, that this cross-country study 

design does not allow for well-founded conclusions about the EN model. 

Nuñez el al. (2002) analyze differences in student achievements between Colombian public, 

private, and educación contratada7 schools. The authors find that, taking into account individual, 

                                                           
 

7 Schools that are operated by the Church but co-financed by the state.  
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family, and school characteristics, private schools generally outperform public ones, even though 

large heterogeneity exists within each school type. Unobservable factors such as the underlying 

incentive structure for teachers are hypothesized to drive this result. Furthermore, the analysis 

finds that in municipalities where EN schools operate, public schools tend to outperform private 

ones. While the study design does not allow for precise conclusions regarding EN’s effect (mainly 

because it does not explicitly identify them), the paper’s results can be seen as an indication of 

the positive impact of the school model on learning outcomes.  

A similar conclusion can be drawn from a study by Uribe (1998) that uses a methodologically very 

different approach. Uribe estimates production possibility frontiers for Colombian primary 

schools in an attempt to measure their efficiency. Her goal is to determine what the highest 

possible output (defined as the results in the standardized test Pruebas SABER) is, given a certain 

level of inputs (in terms of student, teacher, and school factors). After identifying factors that are 

related with students’ achievements (education of parents, quality of home, education level of 

teacher, school equipment), she calculates the production possibility frontier and compares each 

school’s actual performance with this benchmark. Uribe finds that EN schools seem to outperform 

other schools: Between 17% and 20% of EN are efficient, compared to only between 5% and 6% 

of conventional schools; about 74% of all efficient schools are EN. This again suggests that learning 

outcomes in EN schools are better than in traditional ones, given the differences in background 

characteristics.  

More indirect evidence pointing to the efficacy of the EN model comes from the body of literature 

that analyzes the determinants of learning in Colombia without explicit reference to the EN 

model. In these studies that did not take into account the specific school model, important 

determinants of learning that also form part of the EN toolbox include: a library (Casassus et al. 

2000), a good classroom environment (Casassus et al. 2000), well trained teachers (World Bank 
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2009; Casassus et al. 2000; Zambrano Jurado 2013; additionally, for secondary education: Jola S. 

2011; Cepeda-Cuervo and Núñez-Antón 2013), classroom-level tutors (Casassus et al. 2000), 

parents’ involvement in the school life (Casassus et al. 2000), high levels of teacher autonomy 

(Casassus et al. 2000; Nuñez et al. 2002; note though that World Bank 2009 finds that this factor 

is not significant), and targeted and readily available instruction materials (Zambrano Jurado 

2013; additionally for secondary education: Manzano Lopez and Ramirez Zambrano 2012). Thus, 

as these are all elements of the EN model, one would expect schools with high levels of EN 

program implementation to have better learning outcomes.  

2.2.1.3 Evidence from other countries 

Finally, when moving up another level to look at international evidence, an enormous pool of 

evaluation literature opens up that tries to analyze what works in education. Of course, the 

further removed an evaluation is from the cultural environment and pedagogical model of EN, 

the more careful one has to be when transferring the findings. Therefore, this discussion will be 

limited to a few main points.  

First, it is worth mentioning that the EN program has also been implemented in other countries, 

most extensively in Guatemala through the Nueva Escuela Unitaria (NEU) model. Some studies 

are available that evaluate these international adaptations; as far as international studies are 

concerned, the findings of these evaluations are arguably most readily transferable to Colombia’s 

EN model. For Guatemala, Juárez and Associates (2003) and Kline (2002) analyze the school 

model’s impact on academic achievements. Both papers agree that Guatemala successfully 

adapted the EN model to the Guatemalan context. Children in the NEU schools generally 

outperform their peers in conventional rural schools. The program seems to be of particular 

benefit to girls. There are no high-quality evaluations of adaptions in other countries, yet two 

papers (Mulkeen and Higgins 2009; Obwoya et al. 2004) analyze the model’s implementation in 
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Uganda. The two papers agree that the program’s adaptation was marked by substantial 

implementation failures, to the extent where the pilot schools lacked most key features of the 

original model (for instance, “multigrade teaching” meant, in practice, most of the time “quasi-

monograde” instruction where the teachers lectured one age group at a time). There is some 

limited anecdotal evidence that where the model was implemented more faithfully, results were 

good.  

Second, a look at the general “what works in education” literature suggests that the EN model 

combines many of the elements that are commonly identified as effective in improving learning 

outcomes. Meta-analyses of evaluations of educational interventions provide evidence for the 

effectiveness of the following elements of the EN model: Classroom libraries (Anderson 2005); 

providing each student with a learning guide, as there is overwhelming evidence for the 

effectiveness of distributing sufficient textbooks and learning materials (Herz and Sperling 2004; 

Anderson 2005); targeted and relevant teacher training (Herz and Sperling 2004; Anderson 2005; 

Glewwe et al. 2011); tutors and mentors, in the case of peer-tutoring for both the mentors and 

the mentored (Anderson 2005; Glewwe et al. 2011);  cooperative learning in pairs or small groups 

(Marzano, Gaddy, and Dean, n.d.); homework and independent practice  (Marzano, Gaddy, and 

Dean, n.d.); “public” progress charts that provide symbols of recognition for advancements 

(Marzano, Gaddy, and Dean, n.d.); a constructivist pedagogical approach that helps students to 

activate prior knowledge and to relate new materials to their daily lives and experiences, for 

instance through learning corners and community-based curricula (Merrill 2002; Marzano, Gaddy, 

and Dean, n.d.; Marlowe and Page 2005); participatory classrooms and student participation in 

decision making at school (Mager and Nowak 2012; to some extent Davies et al. 2006); community 

and parents’ involvement and school decision-making (Herz and Sperling 2004; Glewwe et al. 
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2011); and individualized flexible schedules and learning programs (Herz and Sperling 2004; 

Kremer and Holla 2009).  

2.2.2 Civic competencies 

2.2.2.1 Escuela Nueva evaluations 

EN’s impact on its students’ civic competences and democratic values and behaviors has been 

almost as interesting to researchers as the academic outcomes. The above-mentioned first round 

of evaluation studies included a component on EN’s impact on civic engagement; the authors of 

all three papers agree that civic engagement indicators are generally higher for EN than for non-

EN students (Rojas and Castillo 1988; Velez 1991; Psacharopoulos, Rojas, and Velez 1992).  

Two evaluation studies have looked explicitly at these non-academic outcomes. Following a 

research design developed by Chesterfield (1994, see below), Pitt (2002) collected data through 

questionnaires, semi-structured interviews, and observations in three EN and three conventional 

schools. The EN schools were chosen randomly out of all EN in those parts of Riseralda and Caldas 

that were considered safe. The comparison schools were chosen by selecting geographically, 

socially, and economically matched communities where EN did not exist. Pitt conducted 

comprehensive classroom observations coding the behavior she observed in students, and 

conducted structured and semi-structured interviews with teachers, students, and alumni. No 

attempts were made to control for socioeconomic and environmental factors that may be 

responsible for different outcomes, other than the process of matching comparison schools based 

on similar characteristics. The study’s main finding is that the classroom climate in EN was more 

positive than in comparison schools, and that the incidence of democratic classroom behaviors 

was higher in the EN than in conventional schools. No significant difference was found in civic 

participation of graduates from EN and conventional schools.  
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To date, the most methodologically rigorous EN evaluation study was a paper by Forero-Pineda, 

Escobar-Rodriguéz, and Molina (2006). The authors use a quantitative, multilevel regression 

analysis design to evaluate EN’s impact on peaceful social interaction, and probit, ordered-probit, 

and logit models to study the relationships between schools and families. The study is based on a 

2001 survey in 25 schools. Information was collected from 989 students, 49 teachers, 24 school 

principals, 343 parents, and 179 alumni. Note that 25 schools is a relatively small sample size, 

especially for a multilevel design. Even so, by using a hierarchical model the authors can control 

for socio-economic and environmental factors on various levels when estimating the effect of EN. 

The study’s main findings are that EN has a positive impact on peaceful social interaction, on 

family behavior, and on participation in community life. Additionally, alumni are more inclined 

towards participatory democracy.  

2.2.2.2 Other studies on determinants of civic competencies among students in Colombia 

Other authors have analyzed the Colombian education sector without specifically looking at EN 

to see how peace and democratic behavior are promoted. In a series of articles, a research group 

from the Universidad de los Andes in Bogotá describes and evaluates the program Aulas En Paz 

that aims at promoting citizenship competencies and peaceful behaviors among Colombian 

primary school students through classes and extracurricular activities (Chaux 2009; Chaux and 

Velásquez 2009; Jiménez et al. 2008; Ramos, Nieto, and Chaux 2007). The program is based on 

seven pedagogical principles, some of which also form part of the EN methodology, such as 

cooperative learning in small peer groups, learning by doing, and relating the learning activities 

to the daily lives of the students. Clearly, the evaluation results of one program cannot just be 

transferred to a pedagogical model. However, the fact that the authors stress the importance of 

the cooperative aspect of the program that allows students to experience democratic interactions 
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and non-violent conflict resolution can be carefully interpreted as an indication that the 

cooperation-based learning model of EN may have similar positive effects.  

Another informative study about Colombian schools’ impact on civic competencies was published 

by Diazgradanos and Noonan (2015). The authors use multilevel tobit regression analysis to 

analyze whether safer and more participatory school environments lead to less supportive 

attitudes toward violence. The data comes from the 2005 round of the Pruebas SABER that also 

contained a section on citizenship competences; the indices for attitudes toward violence, for a 

safe and for a participatory school environment, respectively, were constructed from a total of 

fourteen Likert-statements on the test. The results show clearly that supportive attitudes toward 

violence can be decreased by a safe and a participatory school environment. Even more important 

in this context, a participatory learning environment is even more powerful for this purpose than 

a safe learning environment: While children in safe and participatory schools showed the least 

support toward violence and those in unsafe, non-participatory schools showed the highest, 

children in unsafe but participatory environments were less supportive toward violence than 

those in safe but non-participatory schools. In fact, the effect of participation was found to be 

twice as large as the effect of safety. The study did not identify specific educational models or 

school programs, but can be seen as a strong indication that EN as a highly participatory school 

has a large potential to increase civic competencies and peaceful, democratic behaviors among 

its students. 

2.2.2.3 Evidence from other countries 

Finally, as was the case for academic outcomes, the broader international literature gives reasons 

to be confident that EN improves citizenship and democratic behavior indicators. For the 

Guatemalan adaption of the EN model, the Nueva Escuela Unitaria (NEU), Chesterfield (1994) 

carried out an extensive qualitative analysis of classroom interactions and found that students in 
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NEU schools showed improved democratic behaviors, compared to non-project schools. This 

result was reinforced by another study (de Baessa, Chesterfield, and Ramos 2006) that used 

multiple methods and confirmed that students in NEU schools engage in significantly more 

democratic behaviors.  

The above-mentioned literature survey by Mager and Nowak (2012) found positive effects of 

participatory education not only on academic achievements, but also on democratic skills and 

citizenship. These effects are most likely when participation takes the form of student 

participation in councils, as is the case in EN’s student government and student committees. To a 

lesser extent the literature survey found the same effect for student participation in class 

decision-making – likewise a common practice in EN classrooms. A positive effect on democratic 

skills and attitudes as well as on problem-solving and conflict-resolution skills is also affirmed by 

the literature survey of Davies et al. (2006).  

In summary, there is empirical evidence directly from previous EN evaluations and from studies 

of education and democratic behavior both within Colombia and in a broader international 

context that the participatory, student-centered EN model promotes civic competencies. 
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3 Research Methodology 

To solve the puzzle that was laid out in the first chapter (poor learning outcomes in Colombia 

despite apparent wide use of the Escuela Nueva model), this chapter first formulates research 

hypotheses and the related research questions (section 3.1). Subsequently, section 3.2 describes 

the methods that were used to test the hypotheses and answer the research questions. Finally, 

section 3.3 presents the dataset used for the study.  

3.1 Research hypotheses and research questions 

This dissertation adds to the empirical literature by collecting evidence against the following two 

null hypotheses:  

H0
1: There is no difference between observed classroom practices and expected classroom 

practices based on the official school classification.  

H0
2: There is no ceteris paribus difference in learning outcomes between students in 

conventional schools and in EN schools.  

The first null hypothesis deals with the level of implementation of the model, and the second one 

with the model’s effect on learning outcomes. For each of the null hypotheses, the alternative 

hypotheses of interest can be formulated in different ways: 

Program implementation: 

HA
1.1: There are differences between the ideal-typical EN model and observed program 

implementation (i.e., implementation is incomplete).  
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HA
1.2: There are differences between official classification and observed program 

implementation (i.e., program implementation is irregular and the distinction between 

EN and non-EN schools is not clear-cut).  

HA
1.3: There are differences in the observed degree of program implementation based on 

political priorities and teacher preferences.  

Program outcomes: 

HA
2.1: Ceteris paribus, students in EN schools achieve higher test scores than students in 

conventional schools in (a) numeracy; (b) literacy; and (c) civic competences. 

HA
2.2: Ceteris paribus, the effect of socioeconomic status on learning outcomes is smaller in 

EN schools than in conventional schools.  

HA
2.3: Ceteris paribus, the gender gap in learning outcomes is smaller in EN schools than in 

conventional schools.  

HA
2.4: The difference in learning outcomes between EN schools and conventional schools 

depends on which program elements are being implemented.  

Based on the program’s goals (section 1.2), the theoretical literature discussing the benefits of 

progressive education (section 1.3), and existing empirical literature evaluating the EN model 

(chapter 2), this research was guided by the hypothesis that, other things being equal, students 

attending an EN school achieve superior results compared to their peers in conventional schools 

in all three learning outcome dimensions. Given the traditionally strong intergenerational 

transmission of schooling attainments, EN’s positive effect is expected to be particularly strong 

for children from disadvantaged socioeconomic backgrounds, because these children have less 
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access to support systems at home.8 Furthermore, because of the student-centered approach of 

the model, it is expected that gender gaps in learning outcomes are smaller in EN schools than in 

conventional schools.  

The literature gives relatively little indication as to which program elements might be of particular 

importance. In fact, previous research suggests that trying to separate individual design elements 

may be futile, as the institutional package may be more important than singular parts (McEwan 

1998). Therefore, research hypotheses HA
2.4 is meant to explore potential differences in the effect 

of individual program elements.  

To be sure, while these hypotheses state that EN is suitable for improving learning outcomes, the 

claim is not that the model addresses all shortcomings of the education system or that it can help 

solving all issues that lead to poor learning outcomes. On the most general level, this research 

project only considers supply-side constraints – that is, the analysis is based on the assumption 

that learning outcomes can be improved if the right type and amount of school input factors is 

provided. As shown in the literature review, there are good reasons to believe that this is the case. 

However, it is possible that demand-side constraints play an equally important role in poor 

learning outcomes: if children or their caregivers perceive education to be of little practical 

importance for their lives, no amount of inputs will make them engage in learning. Put in more 

economic terms, if the returns on investment in education are low or perceived to be low, 

students will have little incentive to spend time and energy on getting educated. These demand-

side issues are not explicitly addressed in this research. 

                                                           
 

8 It is possible that the program works better for children from moderately poor than from extremely poor 
families. The experience from other effective education programs shows that they often cease to produce 
positive outcomes once socioeconomic deprivation is overwhelming. 
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The research questions that guided this dissertation reflect the different formulations of the 

alternative hypotheses. There is one set of research questions related to program 

implementation, and a second set related to learning outcomes. 

1. Program implementation: 

1.1. To what extent are the EN methodology and its individual components implemented in 

Colombia? 

1.2. How well does the official classification (EN or not) predict the use of the EN 

methodology? 

1.3. What determines whether or not and to what extent a school uses the EN methodology? 

2. Program outcomes: 

2.1. Are EN schools more effective than conventional schools in improving students’ (a) 

numeracy; (b) literacy; (c) civic competences? 

2.2. Are EN schools more effective than conventional schools in improving learning outcomes 

for children from disadvantaged socioeconomic backgrounds? 

2.3. Are EN schools more effective than conventional schools in decreasing gender gaps in 

learning outcomes? 

2.4. Which of EN’s elements are particularly strongly connected to students’ learning success 

and civic competences?  

3.2 Methods 

The literature review shows that, to date, a range of different methods have been used to study 

the outcomes of the EN model. These include studies based on qualitative interviews, focus 

groups, observations, or on simple descriptive statistics (Misión Social del Departamento Nacional 

de Planeación de Colombia 1997; Pitt 2002; Sarmiento Gómez 2006; Moore, Florez, and Grajeda 

2010; ICFES 2011); quantitative studies based on basic econometric estimation techniques (Velez 
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1991; Psacharopoulos, Rojas, and Velez 1992; McEwan 1998; Benveniste and McEwan 2000); and 

a few studies that use more advanced quantitative methods, such as non-parametric data 

envelopment analysis (Uribe 1998), propensity score matching and logit/probit estimations 

(Nuñez et al. 2002), and multilevel modeling (Forero-Pineda, Escobar-Rodriguéz, and Molina 

2006).  

If the goal is to make reliable and generalizable statements about EN’s effect on learning 

outcomes, all of these studies have shortcomings. The first group of qualitative and descriptive 

studies is by definition not suited for general conclusions and to identify causality. Studies in the 

second group control for some external factors, but ignore the nested structure of the data and 

may thereby find statistically significant effects where there actually are none (see below). 

Furthermore, most of these studies (apart from McEwan 1998 as discussed above) ignore varying 

levels of program implementation and may as a result not actually measure the effect of the 

school model. The latter is also true for studies using more advanced estimation techniques, as 

only Forero-Pineda, Escobar-Rodriguéz, and Monlina (2006) clearly identify EN schools and 

attempt to measure implementation. However, the sample size used by Forero-Pineda et al. was 

arguably too small (25 schools) for their chosen approach to generate valid results at the school-

level. Furthermore, it was confined to only six Colombian municipalities.  

In short, while there are a number of papers that deal in one way or another with the EN school 

model, the validity of their results is questionable based upon weak methods. In order to add to 

the body of literature, this dissertation uses a mixed method approach. The design consists of the 

following three elements:  

1. A country-level analysis of all Colombian primary schools based on test results from the 

standardized test Pruebas SABER 2013, using quantitative multilevel methods  
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2. A department-level analysis of a representative sample of rural schools from one 

department (Quindío) based on Pruebas SABER 2013 results and new data on program 

implementation, using quantitative multilevel methods  

3. The triangulation of the results based on a qualitative study of a small number of schools 

using interviews and observations, combined with key-informant interviews.  

 

A combination of these three research strategies allows for conclusions to be drawn about various 

levels of program implementation and program outcomes. Table 1 provides an overview on the 

research design, summarizing which of the research questions are addressed through which 

element of the research design. Note that the “X” only denotes that the design element addresses 

the respective research question. The internal and external validity of the corresponding results 

may differ and will be discussed in more detail in the closing chapter.  

 

 

Table 1 Research Design Overview 

  Country-level Department-
level 

Qualitative 
Part 

1.
 

 Im
pl

em
en

ta
tio

n Extent of Implementation  X X 

Drivers for Implementation   X 

Accuracy of official classification  X  

Distinguishability of school models  X X 

2.
  

Ou
tc

om
es

 Superiority of EN methodology X X X 

Role of student’s background X X X 

Role of program elements  X X 
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3.2.1 Quantitative analysis 

The quantitative parts of this study mainly use multilevel modeling techniques, an approach that 

has rarely been used for studies of national scope in Colombia (Rangel and Lleras 2010). The 

approach has been applied in the context of EN, but only on a small scale. What follows is a brief 

introduction to this method and an explanation as to why it is appropriate for evaluating EN’s 

impact on learning outcomes. At the end of this section, a preliminary multilevel model of the 

effect of EN on learning outcomes is introduced.  

3.2.1.1 Multilevel modeling: theoretic background 

As anywhere in the world, academic performance of Colombian students is the result of a wide 

range of factors. Some of these factors are characteristics of the individual student (such as 

gender, intelligence, studiousness, etc.); some of them are characteristics of the student’s home 

and family environment (such as the family’s socioeconomic status, family wealth and income, 

parents’ education, the value that a family puts on education, etc.); some of them are 

characteristics of the school (availability and accessibility, number and quality of teachers, 

pedagogy employed, school infrastructure, school and classroom climate, etc.); some of them are 

characteristics of the municipality or department (average income and education level, urban or 

rural areas, education policies and funding, accessibility of the area, ethnic composition, the 

prevalence of conflicts and crime, etc.); and some are even characteristics of the country as a 

whole (general characteristics of the education system, education policy and decision making 

mechanisms, education budgets, etc.). A multilevel framework is a research design that addresses 

these empirical relationships by explicitly taking into account the multilevel structure.  

When evaluating student performance, it is not enough to simply account for the different factors 

on every level by including them in a standard analysis. It is important to also take into account 
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the very specific cluster structure that underlies the data, as the individual observations are not 

independent from each other. Figure 4 (adapted from O’Connell and Reed 2012, 6) depicts this 

fact for a simplified multilevel model. The outcome of interest, individual student performance, 

resides at the lowest level of the hierarchy, together with other student characteristics. Student 

characteristics on this first level vary among all students, both within and between different 

schools (and regions). Students are, however, nested within different schools that vary in 

important characteristics, both observed ones (such as the number of teachers) and unobserved 

ones (such as school climate). These level-two characteristics vary among students from different 

schools, but not among students within schools. Schools on their part are nested within regions 

that share common characteristics, again both observed and unobserved ones. These level-three 

characteristics are the same for all schools, and thus for students within the region, and hence do 

not vary between them, but they do vary between students and schools from different regions. 

Extending this basic model further is straightforward. What is important is that variability exists 

on each level of the multilevel analysis; for instance, if an evaluation is only carried out within 

region 1 in the universe of Figure 4, level-three characteristics would not be included in the 

analysis as they would not vary across the sample.  

 

 

School A School B School C 

Region 1 

School D School E School F 

Region 2 

L3
 

L2
 

L1
 

Figure 4 Simplified model of cluster data (adapted from O’Connell and Reed, 2012) 
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While standard econometric modeling techniques (that is, Ordinary Least Squares, OLS) have 

been used to evaluate student performance, the clustered data structure clearly violates the 

Gauss-Markov Assumptions underlying OLS modeling. With clustered data, one cannot assume 

that the observations are statistically independent, and in fact it is easy to show empirically for a 

clustered data set that observations obtained from individuals (students) within the same cluster 

(school or region) are more similar to each other than to observations from different clusters 

(O’Connell and Reed 2012, 7). This point will be explained formally below by analyzing the error 

term in the econometric model. Not taking into account the similarities in clustered data sets 

leads to an underestimation of standard errors and thus to a higher-than-normal Type I error rate 

(McCoach and Black 2012, 27), i.e., the incorrect rejection of the null hypothesis: for instance, a 

pedagogical intervention is found to have a positive effect when in fact it does not. This is the 

reason why student performance should better be evaluated within a multilevel framework that 

uses multilevel models.  

3.2.1.2 Formal example 

The following example demonstrates this argument formally and shows where a simple OLS 

model goes wrong. For the sake of the demonstration a simple econometric multilevel model of 

educational outcomes is developed which only includes two independent variables (one for level-

one and one for level-two); yet, the model can be easily expanded and more variables on each 

level of analysis can be included. The discussion is based on Raudenbush and Bryk (2002). 

Let us assume that a student’s academic performance (SCORE, their score on a nationwide 

standardized language exam) depends on her family’s socioeconomic status and on the school 

model she attends (EN or not). Both a higher socioeconomic status and attending an EN school 

are hypothesized to improve the test score. Socioeconomic status (SES) is treated as a student-

level characteristic and measured by parents’ educational attainment (centered around the 
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sample mean). Additionally, the effect of the school model is assumed to differ by socioeconomic 

status, which requires the inclusion of the interaction term EN*SES. This simple model only 

includes one level-two variable, namely, the school model. The school type is modeled as a 

dichotomous variable (EN) indicating whether (EN=1) or not (EN=0) the school is an EN. First, 

consider the following simple standard model that does not account for the multilevel data 

structure:  

Eq. 1: ܵܧܴܱܥ௜ = ଴ߚ  + ௜ܵܧଵܵߚ  ܧଶߚ + ௜ܰ + ܰܧ)ଷߚ  ∗ ௜(ܵܧܵ +  ௜ݎ
where ܵ  is the educational outcome of interest for student ݅, namely, the standardized test ݅ܧܴܱܥ

score on the language exam; 0ߚ is the intercept (in this example, 0ߚ is the expected test score of 

a student who attends a traditional school and whose socioeconomic status is the sample 

average); 1ߚ is the expected change in the exam score, for a student in a conventional school, 

when socioeconomic status increases by one unit; ܵ݅ܵܧ is the measure for socioeconomic status, 

measured by parents’ average years of education; 2ߚ is the expected difference in the exam score 

between a student in an EN and a student in a conventional school, for a student of average 

socioeconomic level (ܵܵܧ =  is the dummy indicating whether a student attends an EN ݅ܰܧ ;(0

ܰܧ) = 1) or not (ܰܧ = 0) [Note that in this model, EN is defined at the level of the individual, ݅] 

 ଷ is the expected additional difference in the exam score between a student in an EN and aߚ ;

student in a conventional school for each unit increase in the socioeconomic level; (ܰܧ ∗  ௜(ܵܧܵ
is the interaction of school model and socioeconomic status; and ݅ݎ is the error term and 

represents a unique effect associated with each student. 

This simple standard model implies that both the intercept (0ߚ) and the effect of attending an EN 

 has an expected value of 0 for ݅ݎ are the same for all students. It assumes that the error term (2ߚ)
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any given student once ܵ݅ܵܧ and ݅ܰܧ are controlled for; it is independent of the explanatory 

variables (ܧ(ݎ௜)|ܺ =  2ߪ is normally distributed with a mean of zero and a constant variance ݅ݎ .(0

(that is, 0)ܰ ~ ݅ݎ,  However, given the multilevel structure of the model, there is good reason .((2ߪ

to believe that this model does not capture reality very well. For instance, it is likely that the mean 

test score varies between schools and that this variance is not entirely random but can be 

explained by certain school characteristics; the same is true for the slope estimates. It is also 

unlikely that the error term can indeed be expected to be independent and of constant variance; 

for instance, the error term is likely to be bigger for students in schools with especially motivated 

teachers, and the error variance is likely to be higher in schools with a very heterogeneous group 

of students than in schools where students are more similar to the sample’s average student. 

Therefore, another model is necessary.  

Consider the following model for student-level determinants of educational outcomes: 

Eq. 2:  ܵܧܴܱܥ௜௝ = ଴௝ߚ  + ௜௝ܵܧଵ௝ܵߚ  +  ௜௝ݎ

where the interpretation of all parameters is similar to Eq. 1, with the difference that the subscript ݆ was added in order to point out differences across schools: ݆ܵ݅ܧܴܱܥ is the educational outcome 

of interest for student ݅ in school ݆; 0݆ߚ is the intercept for school ݆ (in this example, 0݆ߚ is the 

expected test score of a student attending school ݆ whose socioeconomic status is the sample 

average); 1݆ߚ is the expected change in the exam score in school ݆ when socioeconomic status 

increases by one unit; ݆ܵ݅ܵܧ is the measure for socioeconomic status for student ݅ in school ݆; and ݆݅ݎ is the error term and represents a unique effect associated with student ݅ in school ݆.  

Note that Eq. 2 does not contain the dummy EN, as EN is not a level-one but a level-two variable 

and thus only varies between students from different schools, not among students from the same 
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school. Because of the subscripts ݆ for each parameter, Eq. 2 is actually a set of equations with 

different parameters for every school; hence, it does not include any school-level predictors. The 

interaction term is missing for the same reason.  

School-level characteristics can impact the student-level relationship between socioeconomic 

status and test scores in two major ways. First, it is possible (and even likely) that average student 

performance varies across schools. For instance, this study’s research hypothesis expects average 

test scores to be higher in EN schools than in conventional schools. In other words, the intercept 0݆ߚ is expected to vary by school type. Second, it is equally possible that the effect of 

socioeconomic status on a student’s performance is different for different school models. For 

instance, children from disadvantaged backgrounds may be less likely than children with a higher 

socioeconomic status to perform well in conventional schools, as the latter might find it easier to 

find other help in case they need it. Progressive pedagogy might be especially beneficial for 

disadvantaged students as a student-centered approach is more likely to take into account the 

weaknesses and strengths of each individual and to help disadvantaged students to catch up. 

Hence, the slope estimate 1݆ߚ is also expected to vary by school type. Formally, this second level 

is modeled as follows:  

Eq. 3a:  ߚ଴௝ = ଴଴ߛ  ܧ଴ଵߛ + ௝ܰ +  ଴௝ݑ

Eq. 3b:  ߚଵ௝ = ଵ଴ߛ  + ܧଵଵߛ  ௝ܰ +  ଵ௝ݑ

where 0݆ߚ and 1݆ߚ are the intercept and slope parameter from Eq. 2; ݆ܰܧ is the dummy variable 

indicating whether a student attends an EN (ܰܧ = 1) or a conventional school (ܰܧ = 0) [in this 

model, EN is defined at the level of the school, ݆]; 00ߛ, the intercept, is the mean test score for 

conventional schools; 01ߛ is the mean achievement difference between EN and conventional 
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schools; 10ߛ, the intercept, is the average SES-achievement slope in conventional schools; 11ߛ is 

the mean difference in SES-achievement slopes between EN and non-EN; 0݆ݑ, the error term, is 

the unique effect of school ݆ on mean achievement given ݆ܰܧ; and 1݆ݑ , the error term, is the 

unique effect of school ݆ on the SES-achievement slope given ݆ܰܧ. 
When substituting Eq. 3a and 3b into Eq. 2, the model becomes: 

Eq. 4:  ܵܧܴܱܥ௜௝ = ଴଴ߛ  ܧ଴ଵߛ + ௝ܰ + ܧଵ଴ܵߛ  ௜ܵ௝ ܧଵଵߛ + ௝ܰܵܵܧ௜௝ + ଴௝ݑ + ௜௝ܵܧଵ௝ܵݑ +  ௜௝ݎ

Even though Eq. 1 and Eq. 4 include the same dependent and independent variables, the two 

models vary considerably. The most important difference concerns the nature of the error term. 

While Eq. 1 had a simple random error, ݅ݎ, the random error of Eq. 4 is more complex and consists, 

in fact, of three terms: 0݆ݑ + ݆݅ܵܧ1݆ܵݑ +   :This implies that .݆݅ݎ

 The errors are not independent: 0݆ݑ and 1݆ݑ are the same for each student in school ݆.  

 The error variance is not constant: 0݆ݑ and 1݆ݑ vary across schools, and ݆ܵ݅ܵܧ varies across 

students.  

Thus, the Gauss-Markov Assumptions necessary for accurate hypothesis testing based on OLS do 

not hold, so that standard regression analysis is not appropriate. However, iterative maximum 

likelihood procedures can be used in order to estimate the random parameters for a multilevel 

model, provided that the data sample is large enough. This is the approach that the quantitative 

section of this dissertation takes in order to estimate EN’s effect. 

3.2.1.3 Alternative strategies for dealing with clustered data 

Multilevel modeling is not the only way to deal with clustered data. The problem of errors that 

are not independent and not constant can also be resolved by calculating clustered standard 
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errors while still using OLS estimations. This is the approach taken by standard survey estimation 

techniques. Correcting standard errors for clustering leads to less efficient but unbiased 

estimates. The big advantage of this method is the less complicated estimation process. However, 

this strategy does not allow for an analysis of the nature of the variance between schools (or 

between clusters more generally). It also does not produce separate estimates for the individual 

clusters (in this context, schools, municipalities, or departments). In this sense, survey estimation 

techniques see the clustered structure of the data as a nuisance to be corrected, not as a source 

for additional insights. For these reasons, multilevel modeling is the preferred approach for this 

dissertation.  

A major practical disadvantage of multilevel estimation is that Stata13 does not allow for the 

inclusion of a finite sample correction factor in its multilevel estimation command (see section 

3.2.1.8). This is not a problem for the country-level study, which is based on a large sample—but 

it means that standard errors are overestimated in the department-level study, which is based on 

a sample that consists of observations from over 50% of the study population. Therefore, the 

department-level multilevel estimates in chapter 6 are complemented by survey estimates as an 

alternative way to deal with school-level clusters while at the same time accounting for the large 

relative sample size. 

3.2.1.4 A remark on notation 

The “two-stage-formulation” (departing from a level-one model, and explaining its components 

as a function of level-two equations) is the way that Raudenbush and Bryk (2002) and Snijders 

and Bosker (2011) approach multilevel modeling – but it is not the only approach. Rabe-Hesketh 

and Skrondal (2012) propose a “one-stage formulation”, where regressors from all levels are 

modeled at the same time, and random effects are added progressively without first separating 

the model into its different levels. While the two-stage approach provides an intuitive way of 
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understanding multilevel models, the one-stage approach is more intuitive for actually estimating 

the model. It also seems to limit the risk of over-identification; it appears that papers which use 

the two-stage approach tend to include more cross-level interaction terms and more random 

coefficients in the models, “because the level-2 models look odd without residuals” (Rabe-

Hesketh and Skrondal 2012, 213).  

The rest of this dissertation will use the one-stage formulation approach, and the notation used 

by Rabe-Hesketh and Skrondal. To show how the notations compare, Eq. 4 from above is 

contrasted below with Eq. 5, which is the same model using notation as proposed by Rabe-

Hesketh and Skrondal: 

Eq. 4:  ܵܧܴܱܥ௜௝ = ଴଴ߛ  ܧ଴ଵߛ + ௝ܰ + ܧଵ଴ܵߛ  ௜ܵ௝ ܧଵଵߛ + ௝ܰܵܵܧ௜௝ + ଴௝ݑ + ௜௝ܵܧଵ௝ܵݑ +  ௜௝ݎ

Eq. 5:  ܵܧܴܱܥ௜௝ = ଴ߚ  ܧଵߚ + ௝ܰ + ௜௝ܵܧଶܵߚ  ܧଷߚ + ௝ܰܵܵܧ௜௝ + ଵ௝ߞ + ௜௝ܵܧଶ௝ܵߞ + ௜௝ߝ  

The main difference is that the all fixed parameters in the model are denoted as ߚ௡ (for a model 

with N fixed parameters, independent of the variables’ level), all random parameters (except the 

level-one residual) are denoted as ߞ௠௝ (for a model with M random parameters, independent of 

whether the parameter refers to a random intercept or a random coefficient), and the level-one 

error term is denoted as ߝ௜௝. There is also a term for the total error: ߦ௜௝, which is defined as the 

sum of all random parts of the model (in the case of Eq. 5, the total error is  ߦ௜௝ = ଵ௝ߞ  ௜௝ܵܧଶ௝ܵߞ+ +   .(௜௝ߝ

3.2.1.5 Conceptual framework: Evaluating Escuela Nueva in a multilevel framework 

When evaluating Colombia’s EN program, the data structure discussed above needs to be taken 

into account just as in any other educational outcome evaluation. It is important to identify all 

relevant factors that may have an effect on schooling outcomes, to establish the level that they 
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belong to, and to identify potential interactions. In this section, first, four important levels of 

analysis are established; second, possible explanatory variables on each of these levels are 

identified; and lastly, a model of the structural effects (intercepts and slopes) on each level is 

outlined.  

Level one always contains the dependent variable and may contain a varying number of 

independent variables. Typically, in the context of educational evaluations—and this is also the 

case for this analysis—the outcome of interest will be a student-level variable (academic 

achievement, as measured by standardized test scores; or civic behavior, as measured by a score 

on a nationally standardized survey instrument). Hence, the student-level represents the lowest 

level of data.9  

A review of the literature on determinants of schooling outcomes in Colombia shows that there 

are many student-level variables that influence learning outcomes. These include:  

 Gender (evidence for primary schools: World Bank 2009; Zambrano Jurado 2013; evidence 

for secondary schools: Carcamo Vergara and Mola Avila 2012; Baron 2012);  

 Interest and joy in learning or going to school (Zambrano Jurado 2013; Jola S. 2011 [for 

secondary education]); 

 Socioeconomic background and parental education (evidence for primary schools: World 

Bank 2009; Rangel and Lleras 2010; evidence for secondary schools: Jola S. 2011; Cepeda-

Cuervo and Núñez-Antón 2013; Gaviria and Barrientos Marín 2001; Manzano Lopez and 

                                                           
 

9 However, level one does not need to be the student-level. For instance, if the evaluation was to focus on 
drop-out rates as the outcome variable, schools would represent the lowest level of analysis, and the main 
explanatory variable (implementation of Escuela Nueva) would be located at the same level as the outcome 
variable. 
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Ramirez Zambrano 2012; Bonilla Mejia and Galvis 2012; Ayala Garcia, Marrugo Llorente, and 

Saray Ricardo 2011);  

 Having books, computers, or educational materials at home (evidence for primary schools: 

World Bank 2009; Zambrano Jurado 2013; evidence for secondary schools: Jola S. 2011; Ayala 

Garcia, Marrugo Llorente, and Saray Ricardo 2011);  

 Working (evidence for secondary schools: Bonilla Mejia and Galvis 2012; Manzano Lopez and 

Ramirez Zambrano 2012 [leads to higher drop-out]); and 

 Ethnicity (Bonilla Mejia and Galvis 2012 [for secondary schools]). 

While there may be good reasons to include a separate level for family-level variables, this is 

practically not feasible for the context of Colombia’s EN because of data limitations: The data does 

not allow for an identification of family ties between individual test takers. This is not problematic 

if the portion of siblings in the sample is not high, and is in fact common practice in multilevel 

models of educational outcomes (see, e.g., Somers, McEwan, and Willms 2004; Huang and Moon 

2009; McArdle, Paskus, and Boker 2013).  

Going up from the student-level, possible next levels are classrooms or schools. There are both 

theoretical and practical reasons for not including the classroom as a separate level. One feature 

of the EN model is that it is a multigrade school. Students of different age groups are being taught 

in the same class, both as a matter of pedagogical belief and in response to resource constraints, 

as rural schools are oftentimes too small to operate efficiently as monograde schools. Therefore, 

the distinction between the classroom and the school-level is not clear. Additionally, even if a 

classroom-level would be justified on a theoretical level, the available data again makes it 

impossible to include it, as the database of the standardized test SABER does not assign students 

to classrooms (or include classroom characteristics).  



53 
 

 

Instead, the second level of analysis will be the school-level.10 This level contains the main 

explanatory variable, namely, an identifier for EN schools. As discussed, the operationalization of 

this identifier is one of the key questions of this research project, because the level of program 

implementation is uncertain. For the first part of the quantitative analysis (the country-level 

study), the official EN classifier is used to identify the school model.  For the second part of the 

quantitative analysis (the department-level study), the EN implementation index is used to 

identify the school model.  

In addition, level two contains a range of other school-level factors. The literature suggests that 

important school-level determinants of learning outcomes include: 

 Geographic area, i.e. a rural or urban environment (evidence for primary schools: World Bank 

2009; Zambrano Jurado 2013; evidence for secondary schools: Jola S. 2011; Bonilla Mejia and 

Galvis 2012; Carcamo Vergara and Mola Avila 2012);  

 School type, i.e. public or private (Gaviria and Barrientos Marín 2001; Nuñez et al. 2002; World 

Bank 2009; Zambrano Jurado 2013; Bonilla Mejia and Galvis 2012 [for secondary education]);  

                                                           
 

10 Schools in Colombia are administratively organized in three different levels: instituciones educativas, 
sedes, and jornadas escolares. An institucion educativa (“educational institution”) may have one or more 
sedes (“branches”), which in turn may offer one or more jornadas escolares (“sessions”: classes either meet 
for morning, afternoon, evening, full day, or alternative [e.g. weekend] sessions). While it may be desirable 
to treat the session-branch-institution hierarchy as three separate levels of analysis, this is not possible due 
to data constraints (most clusters would only include one or very few sub-groups or observations). 
Therefore, it is necessary to choose one institutional level as the “school” cluster. While branches are 
administratively dependent on their mother institutions, they may have very different characteristics: the 
mother institution may be in an urban setting, while the branch is in a rural setting; the former may offer a 
conventional curriculum, while the latter may implement the Escuela Nueva model; they may have different 
socioeconomic classifications; and so on. However, the different sessions offered by the same branch show 
much less variation. Most importantly, they typically do not differ in terms of the educational model 
offered. For these reasons, branches are treated as the main unit of analysis for this study, and the term 
“school” usually refers to branches, unless otherwise stated.  
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 School schedule, i.e. full day of half-day session (Bonilla Mejia and Galvis 2012 [for secondary 

schools]); 

 School resources and infrastructure (evidence for primary schools: Casassus et al. 2000; 

Rangel and Lleras 2010; Zambrano Jurado 2013; evidence for secondary schools: Jola S. 2011; 

Manzano Lopez and Ramirez Zambrano 2012);  

 Good classroom environment (Casassus et al. 2000);  

 Socioeconomic composition of the school (Rangel and Lleras 2010);  

 Low student-teacher ratio (Casassus et al. 2000; Gaviria and Barrientos Marín 2001 [for 

private secondary schools]);  

 Offering science and vocational activities (Jola S. 2011 [for secondary schools]);  

 Tutoring (Manzano Lopez and Ramirez Zambrano 2012 [for secondary education]); and 

 Parental involvement (Casassus et al. 2000).  

Furthermore, with regard to teachers:  

 Teacher training level (evidence for primary schools: Casassus et al. 2000; World Bank 2009; 

Zambrano Jurado 2013; evidence for secondary schools: Gaviria and Barrientos Marín 2001 

[only in private schools]; Jola S. 2011; Cepeda-Cuervo and Núñez-Antón 2013; Bonilla Mejia 

and Galvis 2012); and  

 Good incentives and autonomy for teachers (Casassus et al. 2000; Nuñez et al. 2002; World 

Bank 2009; Gaviria and Barrientos Marín 2001 [for secondary schools]).  

Latent teacher characteristics such as motivation, charisma, and other personality traits also enter 

this level of analysis through the school-level error term. It is likely that these unobserved teacher 

characteristics account for a substantial part of unexplained between-school variability, both with 

regard to EN implementation and with regard to school outcomes.  
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Schools for their part are nested within communities or regions, and there are good reasons to 

believe that, say, students from the capital city of Bogotá are more similar to each other than to 

students from isolated areas of Santander or Bolivar. In fact, studies by Mina (2004) and Bonilla 

Mejia and Galvis (2012) found that municipality-level variables such as expenditure per student, 

poverty, income inequality level, geographic location, and homicide rates have an impact on 

learning outcomes. Additionally, the political autonomy that municipalities enjoy, especially with 

regard to education policy, means that municipality-level variables may well have an effect on 

learning outcomes. Thus, municipalities represent the third level of the analysis.  

The inclusion of a municipality-level alone does not do justice to the political and geographical 

structure of Colombia. Municipalities belong to departments, which are, together with the 

national government, the main level of policy making, and which often have distinct cultures. For 

instance, Secretaries of Education in the different departments have sovereignty over educational 

budgets. Therefore, departments should be considered as a fourth level of analysis. 

Put together, four levels seem relevant for analyzing the effect of EN: the student-level, the 

school-level, the municipality-level, and the department-level. Of course, for the department-

level analysis (chapter 6), only the first three levels are relevant.  This structure is depicted in the 

conceptual model in Figure 5. The exemplary multilevel model presented in the previous section 

only included two levels, yet the inclusion of a third and fourth level follows a very similar logic 

(Raudenbush and Bryk 2002, 228–51). To be sure, an additional level adds complexity and a wide 

range of modeling possibilities, as the relationships of each higher-level variable to each of the 

lower-level variables have to be modeled. Each of the regression coefficients in the level-one 

model can be viewed as either fixed, non-randomly varying, or random; the same is true for each 

higher-level coefficient. Hence, in the context of EN evaluation using a three- or four-level model, 

one needs to decide for each level which predictors are being introduced (see below), and 
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whether the structural effects related to these predictors (that is, the intercepts and slopes) are 

considered fixed, non-randomly varying, or random.  

A final decision regarding the inclusion or exclusion of specific levels of analysis can only be taken 

after a first round of data analysis. It is good practice in multilevel modeling to start with an 

unconditional model, that is, with a model that includes only random effects at the different 

levels. With this so-called null model, it is possible to analyze the error term by decomposing the 

variance into its between-students/within-school, between-schools/within-municipalities, 

between-municipalities/within-departments, and between-departments components. Only if 

there is variance at each of these levels does it make sense to subsequently include varying or 

random effects at these levels. Hence, while the following discussion about predictors and the 

modeling of structural effects provides a model to be tested, the decision about the final model 

has to be taken based on the data. 
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The conceptual model depicted in Figure 5 summarizes the factors that influence schooling 

outcomes on the four levels as defined in the previous paragraphs. As becomes clear when looking 

at the model, many of the factors are interrelated. For instance, variables on the individual-level 

do not only influence learning outcomes, but may also impact one another:  a student’s curiosity 

will impact learning outcomes, but will also drive other factors such as study time; in turn, it will 

be influenced by other individual-level characteristics such as parents’ education, and so on. 

Furthermore, variables can also have an impact on variables at another level. For instance, higher 

levels of parents’ education and higher family wealth are likely to be associated with better 

school-level characteristics, while school-level characteristics such as the teacher-student ratio 

will impact individual-level characteristics such as effort, and so on. Unfortunately, for many of 

the variables outlined in the conceptual model no data is available. For instance, the available 

dataset does not contain a measure for students’ intelligence, school climate, the cultural value 

of education, or departmental politics (on levels one, two, three, and four respectively). Hence, 

these variables will be omitted and become part of the error term, which demonstrate why it is 

so important to consider the structure of the composite error term.  

While including all of the variables in Figure 5 would certainly be desirable, data could be obtained 

and merged into one dataset for the variables listed below. As described in the next section, the 

final decision about the inclusion of each of the variables into the model will depend both on the 

theoretical considerations presented above and on evidence for their relevance found in the data. 

The variables and their sources will be described in more detail in section 3.3 (Data) and in the 

context of the analysis (chapter 4 for the country-level analysis and chapter 6 for the department-

level analysis). 
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Level-one (student-level) variables: 

Dependent variable: Academic outcomes 

- Test score (in Mathematics, Language, and Civic Competencies, respectively) (݁ݎ݋ܿݏ௜௝௠ௗ) 

Independent variables: Student characteristics11 

- Grade (݃݁݀ܽݎ௜௝௠ௗ) - Gender (݈݉ܽ݁௜௝௠ௗ) 

Level-tow (school-level) variables:  

- Escuela Nueva (ܧ ௝ܰ௠ௗ) - Socioeconomic level of school (ܰܵܧ௝௠ௗ) - Zone (urban or rural) (ܽݎݑݎ ௝݈௠ௗ) - School type (public or private) (݁ݐܽݒ݅ݎ݌௝௠ௗ) - Session type (full day, morning, afternoon (݉݃݊݅݊ݎ݋௝௠ௗ and ݂ܽ݊݋݋݊ݎ݁ݐ௝௠ௗ) - Presence of students of ethnic background (݁ݐℎ݊݅ ௝ܿ௠ௗ) - Presence of students who are conflict victims (ܿݐ݈݂ܿ݅݊݋௝௠ௗ) 

Level-three (municipality-level) variables: 

- Governance (݃݁ܿ݊ܽ݊ݎ݁ݒ݋௠ௗ) - Crime rate (ℎݏ݁݀݅ܿ݅݉݋௠ௗ) 

                                                           
 

11 The dataset for earlier rounds of the Pruebas SABER contained more student-level characteristics, such 
as ethnicity, parents’ education, and a proxy for socioeconomic background. This data is not available 
anymore starting with the 2013 round. However, the recent rounds provide better quality data in other 
aspects.  
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- Education expenditure per student (݁ݏ݁ݎݑݐ݅݀݊݁݌ݔ_݉௠ௗ) 

Level-four (department-level) variables: 

- GDP per capita (ܦܩ ௗܲ) - Education expenditure per student (݁ݏ݁ݎݑݐ݅݀݊݁݌ݔ_݀ௗ) 

3.2.1.6 Development of the multilevel model 

Much more than for other econometric techniques, the formulation of a multilevel model is a 

highly iterative process. The correct specification of the structural effects, including the decision 

about the nature of these effects (fixed, non-randomly varying, random), needs to be based both 

on theory and on available empirical evidence. Overfitting, which means including more 

explanatory variables than necessary, especially at higher levels, is highly inefficient, as a 

multilevel model can quickly become very complex and difficult to compute (Snijders and Bosker 

2011). For this reason, at this point only a preliminary model is presented that is based on the 

hypotheses developed in chapter 2 and on the conceptual framework presented in Figure 5. The 

actual model will be developed throughout chapter 4 (for the country-level analysis) and 

chapter 6 (for the department-level analysis).  

Model A1, the preliminary model for the country-level analysis, looks as follows: 

Model A1:  ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ+ + ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ ௠ௗݏ݁݀݅ܿ݅݉݋ଵଷℎߚ+ + ௠ௗ݉_ݏ݁ݎݑݐ݅݀݊݁݌ݔଵସ݁ߚ + ܦܩଵହߚ ௗܲ + ௗ݀_ݏ݁ݎݑݐ݅݀݊݁݌ݔଵ଺݁ߚ ܧଵௗߞ+ ௝ܰ௠ௗ + ܧଶ௠ௗߞ ௝ܰ௠ௗ + ଷௗߞ + ସ௠ௗߞ + ହ௝௠ௗߞ + ௜௝௠ௗߝ  
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The subscripts indicate the level to which the variables and parameters belong: ݀ for 

departments, ݉  for municipalities, ݆ for schools, and ݅ for individual students. The model contains 

three random intercepts (ߞଷௗ, ߞସ௠ , and ߞହ௝௠ௗ for the department-, municipality-, and school-

level, respectively), as well as predictor variables for all four levels (with the fixed coefficients ߚଵ 

to ߚଵ଺). There are two random coefficients in the model: a department-level (ߞଵௗ) and a 

municipality-level (ߞଶ௠ௗ) random coefficient of EN, reflecting the assumption that the effect of 

the EN model might be different between municipalities and departments, depending on the local 

context. This idea is further discussed in chapter 4. There are also two interaction terms: ߚଷ(݈݉ܽ݁ ∗ ௜௝௠ௗ(ܰܧ  and ߚ଻(ܰܵܧ ∗  ௝௠ௗ. These interaction terms test the hypotheses that the(ܰܧ

effect of EN differs by gender, and that the model is particularly beneficial for children from lower 

socioeconomic levels.  

Model A2, the preliminary model for the department-level analysis, is defined as: 

Model A2: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ܧଵߚ ௝ܰ௠ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܰܧ + ௝௠݁ݐܽݒ݅ݎ݌ସߚ ௝௠ܧହܰܵߚ+ + ܧܵܰ)଺ߚ ∗ ௝௠(ܰܧ + ℎ݊݅ݐ଻݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଼ܿߚ + ௝௠݃݊݅݊ݎ݋ଽ݉ߚ ௝௠݊݋݋݊ݎ݁ݐଵ଴݂ܽߚ+ + ௠݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଷ݃ߚ + ௠ݏ݁݀݅ܿ݅݉݋ଵସℎߚ ௠௠ݏ݁ݎݑݐ݅݀݊݁݌ݔଵହ݁ߚ+ + ܧଵ௠ߞ ௝ܰ௠ + ଶ௠ߞ + ଷ௝௠ߞ +  ௜௝௠ߝ

This model only contains two random intercepts (ߞଶ௠and ߞଷ௝௠ for the municipality- and school-

level, respectively), and one random coefficient (ߞଵ௠, which tests for municipality-specific effects 

of the EN implementation index). As all observations are from the same department, no 

department-level variables are included, and the subscript  ݀ is dropped.  

The observant reader may have noticed that the student-level variable ݃݁݀ܽݎ௜௝௠ௗ is not included 

in either of these models. The reason is that the analysis is done separately for the different grade 

areas, in order to allow for all coefficients (fixed and random) to differ by grade. A comparison of 
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the estimation results for grades 3 and 5 will nevertheless allow one to draw conclusions about a 

“time of exposure” effect of the EN model: If EN indeed improves learning outcomes, one can 

expect the effect for 5th graders to be larger than for 3rd graders, as these students have been 

exposed to the program for more time. The EN model only starts at the 2nd grade level, that is, 

after children have obtained basic reading skills. This implies that at the time of taking the first 

Pruebas SABER test, 3rd graders have only been exposed to the EN method for about a year and a 

half, potentially too little time for robust effects. Thus, the comparison between the two age 

cohorts can be used as an additional estimator for the program effect size. In order to better 

understand how the influence of other factors on learning outcomes changes over the course of 

a primary school career, the two grade models are estimated separately (an inclusion of an 

interaction term for every random effect might quickly overload the model).   

The development of the final model is done in five distinct stages. First, an extensive exploratory 

data analysis (EDA) is carried out (section 4.1 for the country-level analysis, and section 6.1 for 

the department-level analysis). The purpose of the EDA is to explore the variance of all variables 

and to check for correlations between the control variables and learning outcomes. This will help 

guide the decision about which variables will enter into the model.  

The second step is a series of analysis of variance (ANOVA) models of the outcome variables, also 

called null models or unconditional models (sections 4.2 and 6.2). As laid out by Raudenbush and 

Bryk (2002), this analysis decomposes the overall variance in test scores into level-specific 

components and thus helps to understand at which levels (students, schools, municipalities, or 

departments) the factors lie that are responsible for differences in learning outcomes. At the same 

time, through a comparison of different specifications of the null model it becomes possible to 

decide which levels should enter as random intercepts into the model. As part of that analysis, 

intraclass correlation coefficients (ICC) are calculated to measure cluster homogeneity. The ICC 
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represents the proportion of total variance in the outcome that is due to between-group variance 

at a given level of analysis. In the absence of between-group variability, the value of the ICC is 

zero, and the use of multilevel estimation methods is not necessary. A positive ICC, however, 

indicates a lack of independence of the lower-level observations, which justifies the use of a 

hierarchical model (O’Connell and Reed 2012).  

Third, a series of random intercept models are developed (sections 4.3.1 and 6.3). These models 

contain a separate error term for each level of the model, the number of the levels being 

dependent on the theoretic considerations presented in this chapter and on the results of the 

ANOVA. The random intercept model also contains the explanatory variables of all levels. The 

inclusion of the explanatory variables is based on the discussion in this chapter, on the results of 

the EDA, and on analyses of model fit.  

Fourth, and based on the results of the random intercept model formulation, the model is 

expanded into a random coefficient model, i.e. random slopes are added where appropriate 

(section 4.3.2). Fifth and finally, model diagnostics are being done to evaluate the overall fit of the 

model and the agreement with modeling assumptions. Changes to the model are possible up until 

this very last stage.  

3.2.1.7 A note on the comparison group 

In its core, the quantitative approach tries to isolate the EN effect from all other influences on 

learning outcomes. This necessitates the definition of a comparison group, a school model against 

which the EN model is contrasted. Several challenges arise from this simple fact. The first set of 

challenges is the clear definition of a distinct school type that the EN can be contrasted with. The 

second set of challenges relates to the possible endogeneity in the model: Whether or not a school 
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is an EN is most likely not independent from a range of context factors that also influence learning 

outcomes – which begs the question whether a clear comparison group can ever be defined.  

3.2.1.7.1 Potential comparison groups 

Two objections may be raised about comparing EN schools to “conventional schools”. First, as 

was pointed out in section 1.2, Colombian schools and local authorities can choose from a range 

of educational models, the EN approach being one of them. Hence, not every non-EN school is 

automatically a conventional school; for example, a public primary school may also be part of the 

Etnoeducación or the Aceleración del Aprendizaje program. Or, even more problematic for a 

large-scale quantitative analysis, schools might make use to a varying degree of their autonomy 

to adapt the curriculum and teaching methods in their own ways. Short of collecting data on the 

actual classroom practices in every school, there is little that can be done to eliminate the risk 

that allegedly “conventional” schools are actually using very innovative methods.  

A second possible objection is that conventional multigrade schools, rather than all conventional 

schools, may be the better comparison group. As outlined, EN was created in the context of 

UNESCO’s strategy to promote multigrade classrooms in the 1960s. This strategy aimed at 

increasing access to education in rural areas where monograde classes are not viable 

economically. The EN model was just one response; there are multigrade schools in Colombia that 

have not adopted the EN model. Thus, this universe of all multigrade schools might be considered 

more relevant for studying the benefits of the EN approach. This objection is based on the 

proposition that monograde schools differ from multigrade schools in ways that cannot be easily 

measured (that is, in terms of quality, community attributes, or culture), which may bias the 

results. More specifically, if it is mostly the poorest, lowest-quality schools that are multigrade 

schools, then comparing EN to monograde schools—without controlling for it—would 
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underestimate the effect of the school model. Unfortunately, there is no data available on 

whether Colombian schools are multi- or monograde.  

The literature is not conclusive about the effect of multigrade teaching on learning outcomes, but 

points in a general direction: literature reviews find that, all other things being equal, learning 

outcomes in multigrade classrooms are comparable to monograde schools (Brown and Martin 

A.B. 1989; Veenman 1997; Mason and Burns 1997). Mason and Burns (1997) qualify their result 

by concluding that the assignment of better students or teachers to multigrade classrooms may 

have driven the overall result; after controlling for that bias, multigrade classes may have a slightly 

negative effect. However, especially in the context of developing countries this bias may well go 

in the opposite direction (worse or less qualified teachers may be more likely to work in rural 

multigrade schools). Second, as Mason and Burns themselves acknowledge in their review of the 

literature, any potential negative effect may be the result of a methodological flaw in study 

designs, namely, of mixing two types of multigrade schools: those with purposeful and those with 

non-purposeful assignment. In schools where multigrade teaching is used solely as a response to 

budget pressure, and without changing pedagogic concepts, learning outcomes tend to be worse. 

In schools were the decision to use multigrade teaching is taken deliberately as part of a larger 

pedagogical strategy, the method may actually be superior, if teachers are provided with 

adequate support and resources (Mason and Burns 1997; Veenman 1997).  

Everything put together, there are some good reasons to compare the EN model to all non-EN 

schools. First and foremost, the model set out to redesign rural education, not to redesign 

multigrade education. The vision of EN is to improve learning outcomes by addressing some of 

the major obstacles faced by rural communities; teaching various grade levels in one class is just 

one aspect of the model. It is, for that matter, a purposeful decision that is part of a larger 

pedagogical package.  
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Second, a comparison to other multigrade schools requires knowledge about where these schools 

are. However, there is no official data on Colombian multigrade schools; they are not 

differentiated from other—monograde—rural schools in the educational databases of DANE. A 

sample frame could only be created by either making certain assumptions (e.g. by defining schools 

as muligrade if there is not at least one teacher per grade level), or by adding an additional survey 

round. The latter option is of course not feasible, and the former may be problematic if, for 

instance, only some classes are combined.  

3.2.1.7.2 Becoming an Escuela Nueva: Endogeneity 

Even if a clear comparison group could be established against which official EN schools can be 

contrasted, another problem would remain, and that is the question of how and why a school 

becomes an EN school. As discussed in section 1.2 not much is known about the process, and no 

research has been done to explore which schools adopt the EN model faithfully, and why. It is 

very likely that the factors influencing implementation also influence learning outcomes: 

particularly motivated teachers may be more likely to adopt the model, highly committed parents 

may be more likely to support the model, and engaged politicians may be more likely to provide 

the necessary funding. All of these factors would probably also improve learning outcomes in the 

absence of the EN model. Unfortunately, the ways of dealing with this problem are limited. The 

fact that the data are analyzed with multilevel models helps to account for some of the noise 

surrounding individual schools (through a school-specific error term), but in the absence of a true 

experiment (where some schools, teachers, and students are randomly assigned to the EN model 

and others are not), it is not possible to compare the outcomes of one school that adopts the EN 

model with the outcomes of another non-EN school that is exactly the same in all unobservable 

factors. For the estimation results this means that the effect of EN might be confounded with the 

effect of more favorable background characteristics, resulting in an upward bias.  
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3.2.1.8 Estimation procedure 

3.2.1.8.1 Software 

The models are estimated using Stata (versions 12 and 13). The main command used for 

estimation is -xtmixed- (-mixed- in Stata13). While there are other ways of estimating multilevel 

models, -xtmixed- turned out to be most flexible for the purposes of this study, allowing for 

several levels of hierarchy. Generally, maximum likelihood estimation is used to fit the models (by 

specifying the -mle- option). However, if models failed to converge, the options -reml- (restricted 

maximum likelihood) or -matlog- (use of matrix logarithms for the estimation of variance 

components) were also attempted. The Stata estimation approach is based on the reference book 

on multilevel modeling using Stata by Rabe-Hesketh and Skrondal (2012), and on the University 

of Bristol Centre for Multilevel Modelling’s online course on the subject (University of Bristol 

2013).  

3.2.1.8.2 Plausible values 

ICFES provides he test results for the Pruebas SABER as plausible values (see the extensive 

description of this database below and in the annex), which has become common practice in 

large-scale educational assessments. As van Davier, Gonzales, and Mislevy (2009) show, plausible 

values are more reliable for group-level analyses of the latent variable student ability than the 

simple score from an exam, as a student’s long-term proficiency is not necessarily reflected by her 

performance on a single test. Thus, measuring individual proficiency in a large-scale assessment 

is typically only achieved with a substantial amount of measurement error. In order to obtain 

more accurate estimates of students’ true ability as well as of the variance therein—and thus 

more accurate estimates of the effect of specific educational interventions—it is better to work 

with a range of plausible values instead. Plausible values are a set of imputed values that reflect 

the likely distribution of a student’s “true” ability. They are randomly drawn from a Bayesian 
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posterior distribution, which is derived from the empirically observed exam scores and 

background characteristics. In this set-up, the “true” exam scores are missing by design, which 

makes plausible values a special case of an imputed dataset (Snijders and Bosker 2011, 136). The 

Pruebas SABER dataset contains five plausible values for each student and test area. 

The correct way of using plausible values for estimations is to first estimate the models separately 

using each of the five plausible values, and then average the results using a set of imputation 

rules. It is not correct to take an average of the plausible values and run the estimates based on 

that average (von Davier, Gonzales, and Mislevy 2009; Snijders and Bosker 2011, 135–44). If one 

takes first the average of the plausible values, or picks only one of the five values to run the 

estimates, the estimation results are biased, particularly with regard to estimated variances 

(Carstens and Hastedt 2010; Marchant 2015).   

STATA has a class of multiple imputation commands that correctly handle this two-step 

imputation process. The average estimates from the separately run models are obtained by first 

using -mi import- to declare that the specified variables are imputed, and then -mi estimate- 

as a prefix for the estimation commands. However, there are some shortcomings in using the 

multiple imputation commands. They are designed to provide point estimates and cannot fulfill 

all the requirements of this analysis – for instance, standard deviations for the exploratory data 

analysis, or many multilevel post-estimation tests, cannot be performed through multiple 

imputation. In these cases, five models (one for each plausible value) are run separately, and the 

results are presented jointly or as averages.  

3.2.1.8.3 Weights 

The analysis of complex survey data in a multilevel design is an emerging field, because the use of 

weights in maximum likelihoods estimation is more complex than the use of weights in OLS 
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regression. This is particularly true for multilevel designs where sampling probabilities may differ 

from level to level. Stata added survey support for multilevel models only in its most recent 

release, Stata14. As the data for this dissertation were analyzed in Stata12 and Stata13, the 

respective commands were not available for the analysis. In general, not including sampling 

weights properly may lead to biased parameter estimates, while estimates are unbiased but less 

efficient when weights are included. In the context of maximum likelihood estimation, the 

increased complexity of the model due to sampling weights increases the chances that the model 

does not converge (a problem that did in fact arise in the process of analyzing the data). It is 

therefore important to carefully consider the use of weights.  

The Pruebas SABER database contains student-level weights for each testing area. These weights 

result from the implicit sampling probabilities for each student and testing area within a class, as 

each student is tested only in a part of the overall exam. Each 3rd grade student participates only 

in either the language or the mathematics exam, while each 5th grade student participates only in 

two out of the three testing areas (mathematics, language, and civic competencies). The weights 

are therefore calculated as follows  (Atención al Ciudadano del ICFES 2016): 

௜௚௝௔ݓ = ௚ܰ௝݊௚௝௔  

where ݓ௜௚௝௔ is the weight of student ݅ of grade ݃ in school-session ݆ in testing area ܽ; ௚ܰ௝  is the 

total number of students in grade ݃ in school-session ݆; and ݊௚௝௔ is the number of students in 

grade ݃ in school-session ݆ who participate in the test for area ܽ. For instance, if a school has 20 

students in grade 3 and 10 of them participate in the mathematics exam, the associated implicit 

sampling weight of each of these students is 2. The weights reported in the database vary 

between 1 and 6, indicating that each student represents between one and six students of his or 

her school-session and grade in the given testing area. This, in turn, implies that the weights 
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should not vary for students within the same school-session and grade for a given testing area. 

Because all Colombian schools participate in the Pruebas SABER, the sampling probability for all 

higher levels is one by design.  

Kim, Anderson, and Keller (2013, 414) explain that for multilevel analysis, the decision of whether 

or not to include sampling weights should be based on whether the weights are likely to have an 

impact on the results (whether they are, in fact, informative), and whether the probability of 

selection is related to the probability model for the data. There are no reasons to believe that the 

latter would be the case: all students in a given grade and school-session are randomly assigned 

to the different parts of the exam; this process is not based on any type of stratification or a similar 

non-fully-random processes. Therefore, there should be no systematic relationship between 

inclusion probability for a given testing area and the resulting test score.  

The former consideration (whether weights are informative) requires some more analysis. 

Theoretically, the Pruebas SABER weights should be completely uninformative for a multilevel 

analysis, given that all students in a cluster (any given school-session/grade/area combination) 

should have the same sampling probability. In the actual dataset, there is a small number of 

schools with variations in the reported sampling weight for students in the same cluster (between 

0.4% and 0.5% of all schools, depending on the testing area). No explanation for this variation 

could be obtained from ICFES. Most likely, the variation is due to errors in the database. However, 

even if that is not the case, the low within-school variance suggests that the student-level weights 

are not informative and will likely have no impact on the results. Therefore, weights will not be 

included in the multilevel analysis, following the recommendation of Kim, Anderson, and Keller 

(2013) and Carle (2009). They will, of course, be included in the survey data analysis.  
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3.2.2 Qualitative analysis 

There is very little discussion in the EN literature about the process of program implementation, 

especially about the motives for adapting the school model or its components in a given school 

or municipality, or the reasons why implementation is so irregular across schools. The last part of 

the research project is a small qualitative component that aims to explore these questions by 

collecting in-depth information on program implementation and on perceived benefits of the 

program in a few selected schools and from some key stakeholders and experts.  Specifically, the 

aims of this component are as follows:  

 Gain a better understanding of the EN methodology by observing typical school days in 

EN and non-EN schools 

 Obtain a richer, in-depth assessment of the program’s perceived benefits and 

shortcomings from its primary stakeholders, that is, children and teachers 

 Explore how the different program components are being implemented, used, and 

potentially altered in practice 

 Explore reasons for different degrees of program implementation and for decision in 

favor or against the school model 

 Gain a better understanding on the decision-making processes related to EN program 

implementation 

 Explore perceptions held about the program by key stakeholders, including beliefs related 

to the functioning and success of the approach for students from different backgrounds 

3.2.2.1 Data collection  

The qualitative exploratory study is based on visits to seven rural schools in Quindío. The schools 

were chosen purposefully after a preliminary analysis of the quantitative data: in order to be able 
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to observe different classroom practices, three schools with particularly high implementation 

scores and four schools with particularly low implementation scores were selected and revisited 

for additional data collection. The field work team who gathered the quantitative data provided 

consulting for the selection, with the aim of obtaining a diverse sample of schools in many regards 

(size, remoteness, teaching style, student population, etc.).  

 Data was collecting in the following ways:  

 Semi-structured interviews with 5th grade teachers. These interviews focused on the 

teacher’s role in the classroom, and his or her perceptions on the school model.  

 Focus groups with 5th grade students to obtain an idea on students’ perceptions of their 

respective schools. If the school size permitted it, two groups were organized separated 

by gender in order to allow boys and girls to express themselves more freely. However, 

most schools were very small, often with less than fifteen children in all primary grades 

combined.  

 Non-participatory observations to document everyday life at school. During the school 

visits, the set-up of the school and the classroom, the way students and teachers interact, 

the use of specific pedagogical elements, etc. were observed.  

Additionally, interviews were conducted with key staff of Fundación Escuela Nueva, and with the 

person responsible for the EN model within the Secretary of Education in Quindío.  

3.2.2.2 Data analysis 

The qualitative data analysis was guided by the attempt to identify which factors explain the 

process of EN implementation, to gain a better insight into everyday life at school, and to uncover 

benefits and shortcomings of the model that may have been overlooked so far. This was done 

through qualitative content analysis, a commonly used strategy in social sciences research as a 
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way to discover general patterns and meanings from responses (Rubin and Babbie 2007). The first 

step was the transcription of the interviews. In a next step, the transcriptions and observation 

protocols were coded using descriptive, topic, and analytical coding (Richards 2005). The codes 

for this process were derived from the conceptual framework, research questions, and the 

theoretical and empirical literature upon which this project is based; in further iterations, codes 

were induced from the thematic patterns emerging in the data. Based on the topics that recurred 

in this analysis, hypotheses about the research questions were formulated. Finally, the interview 

transcriptions and observation protocols were searched for further instances that either support 

and refine or contradict these hypotheses (Rubin and Babbie 2007). This coding process, and the 

related analysis, was done using UCLA’s mixed methods web application dedoose.  

It is important to reiterate that this design element does not allow drawing conclusions about 

causalities. It is employed in this study as a way to provide a richer context for the quantitative 

analysis, and to generate hypotheses about the parts of the research question that the 

quantitative section cannot address. In that sense, the qualitative information collected through 

the research project helps strengthening the conclusions of the project.  

3.3 Data 

Several datasets are merged for this study. The three main datasets are: 

1. The results of the Pruebas SABER standardized test, provided by ICFES; 

2. Administrative school data, including the official school model classification, provided by 

DANE in the EDUC dataset; 

3. Data on the implementation of the EN school model, collected in Quindío for the purpose 

of this study. 
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Furthermore, some additional municipality or department-level data were added from other 

sources. This section gives a brief overview of these datasets and describes the final (joint) 

dataset. More information on the individual datasets can be found in Annex A.  

3.3.1 The Pruebas SABER dataset 

The main dataset for this study is the dataset containing the results of the 2013 round of the 

Pruebas SABER. The Pruebas SABER  3º, 5º Y 9º (henceforward, Pruebas SABER) is a standardized 

evaluation of learning outcomes that has been carried out in Colombia since 1991. Participation 

is mandatory since 2001 for both private and public schools. In 2012, 3rd graders were added to 

the test. Since the same year, the tests have been carried out yearly, and every round of 

evaluation contains a mathematics and a language exam; additionally, alternating each year there 

is also an evaluation in natural sciences or civic competencies for students in grades 5 and 9. Each 

3rd grade student is randomly assigned to either the language and mathematics test, while each 

5th and 9th grader is assigned randomly to two of the three test areas of the given year (ICFES 

2015b). 

For the 2013 round, results are available for 704,697 3rd graders and for 706,204 5th graders 

(1,410,901 in total), as well as for 17,073 educational institutions and 31,050 uniquely identifiable 

branches. When only looking at students in uniquely identifiable branches, data is only available 

for 567,939 3rd graders and for 574,948 5th graders (1,142,887 in total) in 14,729 educational 

institutions with 31,050 branches. This discrepancy in the numbers is due to reporting errors: for 

schools that did not report results correctly or reported significant cheating, ICFES provides test 

scores only at the institution level, and omits all branch-level information (including the branch-

level identifiers) from the database. Because the school model is defined at the branch-level, 

observations without a unique school branch identifier have to be removed from the dataset, 
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which may lead to a sample selection bias in the results if the likelihood of exclusion is correlated 

with learning outcomes and with the likelihood of being an EN school. This possible bias is 

discussed in detail in section 1.2 of Annex A. Unfortunately, it is not possible to fully determine 

whether a bias exists, and how it would influence the results. However, a careful judgement can 

be made based on the available evidence: Most likely, reporting results correctly is an indicator 

for overall school quality or administrative capacity, which likely is correlated positively with 

higher test scores. Furthermore, it is likely that schools that implement more EN elements tend 

to be higher-quality schools. These correlations suggest a positive bias in the estimated effect of 

the EN model. Furthermore, given a likely positive correlation between average socioeconomic 

level and school quality, the main effect of socioeconomic status as well as its interactions with 

the EN model are probably overestimated as well. 

The following variables come from the Pruebas SABER database: 

 Test results  

 Gender 

 Grade 

 Socioeconomic level of school (average socioeconomic level of students) 

 Zone (urban or rural) 

 Sector (public or private) 

 Session type (full day, morning, afternoon) 

3.3.2 The administrative dataset EDUC (C-600) 

Official administrative data, including data on the educational model used in each school and 

school branch, is provided by DANE in the EDUC dataset. All Colombian public and private school 

are required by law to respond to the “C-600 survey” every year, which is why the dataset covers 
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most schools. Educational institutions and school branches are identified by the same unique 

codes that are also used in the Pruebas SABER dataset (and for other education-related purposes). 

This study uses data from 2013, which is the year of the Pruebas SABER results. According to this 

database, there are 49,932 school branches in Colombia which offer primary education.  

The following variables come from the C-600 dataset (see Annex A for more information): 

 Geographic information: department, municipality, urban or rural area 

 Sector: private or public (for robustness analysis) 

 Zone: rural or urban (for robustness analysis) 

 Educational offers: education level and school model 

 Student population: Number of students in current and previous year, presence of 

students from ethnic minorities or students who are victims of the armed conflict 

3.3.3 Primary data: Escuela Nueva implementation 

The third large component of the study dataset is primary data collected in order measure the 

extent of EN program implementation in Quindío, a department of Colombia. Quindío is well 

suited for an implementation study because the model has been implemented in this department 

for three decades, and continues to be (officially) supported by the Secretary of Education of 

Quindío. It therefore was expected that a sample of primary schools from this department would 

reveal a range of implementation states, from overly conventional schools to schools with 

considerable experience and diligence in EN implementation. Additionally, Quindío is a small 

department, which means that it was possible to obtain a representative sample of schools with 

high statistical power with limited project funds. Even though the department is mountainous and 

some of the schools are located in remote areas of the Andes, average distances to the schools 

are moderate. The department is also considered one of Colombia’s safest areas. All these 
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characteristics mean that Quindío is not necessarily representative for other regions of Colombia, 

hence the results from the department-level analysis might not be directly transferable to other 

parts of the country.  

3.3.3.1 Sample 

Program implementation is measured at the branch-level, hence the sampling units for this 

project were school branches. The 2013 application of the Pruebas SABER was used as the 

sampling frame. From this list, urban schools and schools that only offer (or only report results 

for) one of the two grades of interest were eliminated. Of the remaining 149 schools, 80 schools12 

where randomly drawn using the -sample- command in Stata. The numbers are summarized in 

Table 2.  

Within the sampled schools, all 5th grade students and their teachers were included in the sample. 

In case that a school had more than one class of grade 5, one class was to be randomly picked. In 

case that a class had more than fifteen 5th grade students, fifteen students were to be randomly 

picked. In order to be included in the sample, students and their parents had to sign 

consent/assent forms, and the students had to be present in school on the day of the data 

collection. No attempt was made to follow up on 5th grade students who normally attend a 

sampled school but were not present on the day of the data collection.  

 

                                                           
 

12 According to DANE, 89.5% of rural schools in Quindío are implementing the Escuela Nueva model. The 
standard formula to calculate the required sample size n for obtaining a sample in which a percentage p 
has a characteristic of interest is as follows: ݊ = ݉/(1 + ݊/ܰ); ݉ = 1.96^2 ∗ ݌) ∗ (1 −  where , 2^ܫܥ/((݌
N is the Population size and CI the confidence interval expressed as a decimal (for ±5, CI = 0.05). If one wants 
to get a sample of rural schools of Quindío in which, with a confidence interval of 0.05, 90% of schools 
implement the model, m is 138.297 and n is 71.73. This number was rounded up to 80 schools. 



78 

 
 

Table 2: Overview of sampling process 

 Number of 
branches 

Of which 
eliminated 

Total 31,050 30,760 
Of which in Quindío 290 109 
Of which in rural areas 181 32 
Of which with results for grades 3 and 5 149 69 
Of which in sample 80  

 

 

3.3.3.2 Survey instrument and data collection 

The survey instruments are designed to measure the degree to which EN principles are 

implemented in schools. They were initially developed and field-tested by Fundación Escuela 

Nueva, but were slightly adapted for this study. The instruments can found in Annex D.  

There are two different survey forms: One for teachers and one for students. Each version of the 

survey contains some background information about the school (such as size and location) and 

about the student or teacher, respectively. The main part of the survey collects data on school 

life: Classroom and course organization, implementation of different pedagogic techniques, use 

of text books and supportive materials, student government, community relations, and EN 

teacher training and class preparation. Administering surveys to both students and teachers 

allows for capturing different aspects of program implementation and serves to triangulate the 

data, given that the reported classroom experience of students and teachers may well differ.  

The surveys were administered in the classrooms during normal school hours. A team of four field 

workers visited the sampled schools between May and November 2016. The field workers were 

recruited with the help of an associate professor from the Universidad del Quindío. They are 

graduate students in Education, and all of them have experience working as teachers in rural 

Quindío. After obtaining permission from the director of each educational institution in the 
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sample, each school (branch) was visited at least twice: one time in order to invite students and 

teachers to participate and to drop off assent/consent forms, and a second time to administer the 

survey instruments. Field workers also documented some meta-data about the school. Students 

and teachers received a compensation for their participation.  

As is to be expected in data collection field work, some challenges arose – some of which provided 

valuable qualitative background information on the workings of Colombia’s primary school sector. 

For instance, a significant number of schools had to be visited more than the scheduled two times, 

because teachers were absent, school was cancelled due to bad weather or due to the UEFA 

soccer championship, or the official school schedule had changed in the short time between first 

and second visit. The field work team was instructed to follow up with every school up to five 

times. There was also one case in which the school could not be located. In ten cases a sampled 

school had to be discarded because no data collection was possible (refusal of the teacher or the 

parents, or repeated failure to successfully distribute the survey instruments). In eight of these 

cases, the schools were replaced by a randomly selected alternative school from the same 

municipality. Some of the challenges encountered during the data collection process will also be 

discussed in the context of research limitations (section 7.2).  

3.3.3.3 The implementation data base 

Program implementation data is available from 81 teachers in 76 schools and from 260 students 

in 68 schools. There are 2 schools with data only from students, and 10 schools with data only 

from teachers. The student database contains around 70 variables measuring the different parts 

of program implementation, plus some information about the students. The teacher database 

contains over 140 variables measuring program implementation, plus some information about 

the teacher. Most of the variables are yes/no dummy variables or Likert-type scales. To protect 
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the privacy of the respondents, the schools and respondents are identified by a project-specific 

ID, which connects to a meta-database that includes the official DANE ID of the school.  

3.3.4 Other data 

Some additional variables from other data sources complement the analysis. Unfortunately, the 

official statistics system in Colombia is relatively scattered, and municipality-level statistics are 

rarely available. Data are thus chosen based on availability, even if this means that the data may 

not be perfectly comparable. The following variables were added (for details, consult the annex): 

 Homicide rates by municipality, provided by Federación Colombiana de Municipios (2016) 

 Departmental gross domestic product, provided by DANE (2016) 

 Public education expenditure per student at municipality- and department-level, 

provided by Iregui, Melo, and Ramos (2006) 

 Municipal governance index, provided by the National Planning Department (DNP 2014) 

3.3.5 Description of the dataset 

After merging the datasets and removing cases where the EDUC and the SABER dataset could not 

be matched, the final dataset (henceforward: study dataset, final dataset, or simply dataset) is 

structured as follows (see Table 3). The dataset contains observations from 1,100,397 students. 

About half of these students (49.7%) are in grade 3, the rest (50.3%) are in grade 5. The data 

comes from students from 30,099 branches and 14,371 institutions. For around 80% of branches 

and 89% of institutions, data is available for both grade levels. About 24% of student-level 

observations and 69% of branch-level observations come from rural areas, which shows that rural 

branches are typically much smaller than urban branches. Finally, 53% of institutions have at least 

one dependent branch that is located in a rural area. Table 4 summarizes the study dataset. 
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Table 3 Overview of study dataset: Observations by data level  

 Total In grade 3 /  
results for grade 3 

In grade 5 /  
results for grade 5 

Results available 
for both grades 

Located in rural 
zone 

  N % N % N % N % 
Institutions 14,371 13,849 96.4% 13,248 92.2% 12,726 88.6% 7,579 52.7% 
Branches 30,099 27,772 92.3% 26,264 87.3% 23,937 79.5% 20,732 68.9% 
Students 1,100,397 546,450 49.7% 553,947 50.3% -- -- 267,273 24.3% 

 

Table 4 Overview of study dataset: missing observations 

Variable  
Missing 

observations 
Non-missing 
observations Unique values 

ID Student 0 1,100,397 1,100,397 
ID Institution  0  1,100,397 14,371 
ID Branch 0 1,100,397 30,099 
ID Session  0 1,100,397 31,908 
ID Department 0 1,100,397 33 
ID Municipality 0 1,100,397 1,079 
Area of branch (rural vs urban)  0  1,100,397 2 
Area of institution (rural vs urban)  0  1,100,397 2 
Sector (public vs private)  0 1,100,397 2 
Session type 234,439 865,958 3 
Socioeconomic level of institution/branch 49,542 1,050,855 4 
School calendar 0 1,100,397 2 
Grade 0 1,100,397 2 
Sex 30,184 1,070,213 2 
Plausible values Language 459,132 641,265 >500 
Plausible values Mathematics 463,901 636,496 >500 
Plausible values Civic competencies 733,449 366,948 >500 
Model: Traditional 18,145 1,082,252 2 
Model: Escuela Nueva 18,145 1,082,252 2 
Students of ethnic minorities 18,145 1,082,252 2 
Students who are conflict victims 18,145 1,082,252 2 
Students primary, previous year 38,896 1,063,257 >500 
Students primary, current year 27,752 1,072,645 >500 
Homicides rate per 100,000 inhabitants 95,702 1,004,695 137 
Governance Index 1,897 1,098,500 >500 
Expenditures by student (department) 0 1,100,397 33 
Expenditures by student (municipality) 635,982 464,415 223 
GDP per capita 0 1,100,397 33 
EN Index*   1,099,296 1,101 74 
EN teacher index* 1,099,308 1,089 66 
EN student index* 1,099,390 1,007 66 

* The construction of the index is described in chapter 5. 
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4 Country-Level Analysis of Learning Outcomes 

The Escuela Nueva school model has been officially implemented throughout Colombia for many 

years. Today, about half of Colombian primary schools and around three quarters of Colombian 

rural primary schools are officially EN. However, to the best of the author’s knowledge, no 

country-level analysis of the effects of the model has been carried out, with the exception of a 

recent dissertation (Hincapié 2014). This chapter aims to fill that gap based on an analysis of the 

results of the 2013 round of the Pruebas SABER and the official EN classifier provided by DANE. 

Data for this exercise is available for a total of 810,324 students (393,212 in grade 3, 417,112 in 

grade 5) in 21,235 schools.  

After exploring the data (section 4.1) and decomposing the variance in exam scores into the levels 

of its source (section 4.2), a department-level random coefficient model is developed that 

describes how the EN model influences learning outcomes, taking into account student-, school-, 

municipality-, and department-level effects (section 4.3). The results show a statistically and 

practically significant effect of the model, with some important variations across municipalities 

and departments (section 4.4).  

4.1 Exploratory data analysis 

Exploratory data analysis of the predictors helps to understand the data and the relationship 

between test scores and possible explanatory variables. This information is even more useful for 

multilevel models than for standard OLS analysis, given the higher complexity of the model.  
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4.1.1 Plausible value outcomes 

Table 5 summarizes the sample mean and standard deviations for each grade-area for all five 

plausible values provided in the dataset, together with the imputed mean across the five plausible 

values and the imputed overall standard deviation.13  

The table confirms that the five plausible values are congruent in the aggregate (despite the large 

variation of plausible values within persons: for example, the mean within-person standard 

deviation in the language score plausible values is 22.96 for grade 3 and 28.81 for grade 5; the 

magnitude is similar for the other areas). The table also shows that the imputed estimations 

generated by Stata mirror the descriptive statistics of the individual plausible values. 

Furthermore, Figure 6 and Figure 7  show for language exam scores in grade 3 and 5, respectively, 

that the distribution across persons is very similar between the five plausible values, and that it 

appears reasonable to assume an approximate normal distribution. This assumption is 

substantiated by the statistics on skewness and kurtosis presented in Table 5:  even though there 

is a slight positive skew, the values are close to a normal distribution. The histograms for the other 

testing areas look similar and are not presented. 

 

 

 

 

                                                           
 

13 The standard deviations are calculated “manually” as ඥܧ[ݒ݌ଶ] − .]ܧ ଶ, where([ݒ݌]ܧ) ] denotes the 
estimated imputed values (following Kolenikov 2010).  
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Table 5 Exploratory Data Analysis: Plausible Values in country-level study  

 Language Mathematics Civic 
Competencies 

 Grade 3 Grade 5 Grade 3 Grade5  Grade 5 
 mean sd mean sd mean sd mean sd mean sd 

PV1 298.02 75.22 298.02 79.68 297.74 77.59 295.78 76.79 293.88 75.17 
PV2 298.01 75.19 298.01 79.73 297.79 77.52 295.97 76.85 293.98 75.24 
PV3 298.16 75.22 298.16 80.01 297.85 77.54 295.89 76.65 294.05 75.26 
PV4 298.08 75.17 298.08 79.68 297.79 77.53 295.93 76.80 293.97 75.27 
PV5 298.02 75.03 298.02 79.58 297.74 77.48 295.97 76.68 293.97 75.17 
Imputed 298.06 75.16 299.48 79.74 297.78 77.53 295.91 76.75 293.97 75.22 
           
Skewness* 0.413 0.319 0.460 0.406 0.493 
Kurtosis* 3.246 2.942 3.385 3.003 2.993 
N 197,234 277,179 195,978 274,404 276,169 
* These statistics are provided exemplarily for plausible value 1.  

 

 

Figure 6 Histograms of Plausible Values for Exam 
scores, Language Grade 3 (country-level study) 

 

Figure 7 Histograms of Plausible Values for Exam 
scores, Language Grade 5 (country-level study) 
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4.1.2 Predictors 

4.1.2.1 Student-level 

Table 6 through Table 10 summarize the results of the exploratory data analysis: For each level of 

all the predictor variables, the tables contain the percentage of student-level observations in the 

given level, the average test score, and the standard deviation. The tables do not report the 

standard errors of the mean, though these were typically estimated to be well below 1, indicating 

a high level of confidence about the respective means. The information provided in the tables is 

purely descriptive. Unless otherwise stated, all estimates henceforward are based on the same 

group of observations, which are all observations for which there is non-missing information on 

the respective test scores, EN classification, gender, area, school type, socioeconomic level, ethnic 

students, conflict victims, session type, municipal governance, per capita departmental GDP, and 

education expenditure per student (department-level data). 

Some clear patterns emerge. For most predictor variables and grade-areas, there are considerable 

differences in the mean scores in line with the expectations (except in the case of the homicide 

rate and municipality-level data on education expenditure per student, where no trend is 

apparent). For instance, students in urban schools score better, on average, than students in rural 

schools in all areas and grades; the higher the average socioeconomic level of students in a school, 

the better the average test results; and students do better the higher the per capita GDP of their 

department. Girls do better than boys in all areas except in mathematics (where there is no clear 

gender difference in grade 3; boys do better in grade 5). The standard deviations are generally 

estimated to be between 70 and 80, with only a few values below or above that range. This is a 

relatively high value in relation to the mean estimate and indicates a large variation in test scores 

across students within each of the groups.   
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Table 6 Exploratory Data Analysis, Language Grade 3 (country-level study) 

Statistics presented at student-level % Mean Std. Dev. 
Level-one Variables (Student-level, n = 197,234 students) 
Male Male 50.41 292.24 73.80 

Female 49.59 303.98 76.07 
Level-two Variables (School-level, j = 17,652 schools) 
EN school EN school 12.60 286.26 78.94 

Non-EN school 87.40 299.76 74.45 
Session type Complete day 10.75 309.10 80.48 

Morning 57.80 295.64 75.85 
Afternoon 31.45 298.74 71.59 

Rural Rural 24.74 279.40 77.09 
Urban 75.26 304.19 73.49 

Private Private 9.49 349.67 79.98 
Public 90.51 292.65 72.55 

Socioeconomic level NSE 1 21.69 269.37 76.01 
NSE 2 25.67 282.53 70.60 
NSE 3 31.56 303.10 67.67 
NSE 4 21.08 338.96 71.28 

Ethnic population With ethnic students 34.01 292.40 72.99 
Without ethnic students 65.99 300.98 76.09 

Victims of conflict Has conflict victim students 53.88 295.51 70.19 
Has no conflict victim students 46.12 301.04 80.49 

Level-three variables (municipality-level, m = 1,007 municipalities) 
Homicide rate # Lowest quartile (Q1) 37.02 301.51 74.45 

Q2 10.61 298.16 76.83 
Q3 24.74 292.06 74.02 
Highest quartile (Q4) 27.63 305.29 74.82 

Governance index Lowest quartile (Q1) 30.35 291.23 76.07 
Q2 19.50 287.47 74.00 
Q3 27.77 301.90 75.71 
Highest quartile (Q4) 22.38 311.79 71.72 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 26.93 300.20 75.02 
Q2 27.98 289.25 74.75 
Q3 37.29 314.64 72.15 
Highest quartile (Q4) 7.81 301.21 70.30 

Level-four variables (department-level, d = 33 departments) 
GDP per capita  Lowest quartile (Q1) 26.75 284.32 76.12 

Q2 24.14 296.42 72.88 
Q3 25.18 300.83 76.67 
Highest quartile (Q4) 23.93 312.16 71.89 

Educ. expenditure 
per student, 
department-level 
data  

Lowest quartile (Q1) 26.41 283.40 76.58 
Q2 27.34 296.84 75.76 
Q3 25.75 304.64 73.59 
Highest quartile (Q4) 20.50 310.31 71.17 

* Data for this variable is only available for n= 74,746 in j= 3,656, m= 193 and d= 10.  
# Data for this variable is only available for n= 178,634 in j=14,176, m=686 and d=32. 
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Table 7 Exploratory Data Analysis, Language Grade 5 (country-level study) 

Statistics presented at student-level % Mean Std. Dev. 
Level-one Variables (Student-level, n = 277,179 students) 
Male Male 50.42 291.69 79.34 

Female 49.58 307.40 79.36 
Level-two Variables (School-level, j = 17,586 schools) 
EN school EN school 11.74 289.24 78.61 

Non-EN school 88.26 300.84 79.79 
Session type Complete day 10.78 314.72 83.26 

Morning 57.26 297.19 79.52 
Afternoon 31.96 298.44 78.33 

Rural Rural 23.81 281.89 77.65 
Urban 76.19 304.98 79.58 

Private Private 8.84 341.75 86.77 
Public 91.16 295.38 77.81 

Socioeconomic level NSE 1 21.25 270.38 75.48 
NSE 2 25.46 283.02 73.92 
NSE 3 31.75 302.95 74.13 
NSE 4 21.54 342.51 79.44 

Ethnic population With ethnic students 34.54 293.43 77.30 
Without ethnic students 65.46 302.67 80.81 

Victims of conflict Has conflict victim students 54.67 298.16 76.54 
Has no conflict victim students 45.33 301.07 83.40 

Level-three variables (municipality-level, m = 1,011 municipalities) 
Homicide rate# Lowest quartile (Q1) 37.85 304.93 79.12 

Q2 10.92 298.05 80.18 
Q3 24.55 294.37 79.23 
Highest quartile (Q4) 26.68 303.11 80.55 

Governance index Lowest quartile (Q1) 30.76 293.45 79.20 
Q2 19.35 287.85 77.42 
Q3 27.46 302.35 79.71 
Highest quartile (Q4) 22.44 314.26 79.98 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 25.31 298.64 81.55 
Q2 27.17 290.16 78.66 
Q3 39.89 314.04 78.38 
Highest quartile (Q4) 7.63 302.96 78.49 

Level-four variables (department-level, d = 33 departments) 
GDP per capita  Lowest quartile (Q1) 26.39 283.96 77.78 

Q2 24.39 299.95 78.22 
Q3 24.05 297.99 81.38 
Highest quartile (Q4) 25.17 316.72 78.14 

Educ. expenditure 
per student, 
department-level 
data  

Lowest quartile (Q1) 26.05 281.45 79.16 
Q2 26.64 295.97 79.02 
Q3 25.67 308.88 79.27 
Highest quartile (Q4) 21.65 314.34 77.22 

* Data for this variable is only available for n= 105,396 in j= 3,616, m= 191 and d= 10.  
# Data for this variable is only available for n=250,813 in j=14,094, m=689 and d=32. 
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Table 8 Exploratory Data Analysis, Mathematics Grade 3 (country-level study) 

Statistics presented at student-level % Mean Std. Dev. 
Level-one Variables (Student-level, n = 195,978 students) 
Male Male 51.21 297.42 78.84 

Female 48.79 298.16 76.13 
Level-two Variables (School-level, j = 17,475 schools) 
EN school EN school 12.46 298.93 87.33 

Non-EN school 87.54 297.62 76.03 
Session type Complete day 10.76 313.97 84.15 

Morning 57.58 296.17 78.17 
Afternoon 31.66 295.22 73.26 

Rural Rural 24.51 287.28 83.87 
Urban 75.49 301.19 75.04 

Private Private 9.53 344.66 82.59 
Public 90.47 292.85 75.30 

Socioeconomic level NSE 1 21.57 276.49 83.26 
NSE 2 25.67 284.73 74.28 
NSE 3 31.53 299.60 70.02 
NSE 4 21.23 332.50 73.76 

Ethnic population With ethnic students 34.02 290.12 74.28 
Without ethnic students 65.98 301.74 78.86 

Victims of conflict Has conflict victim students 53.94 293.41 72.05 
Has no conflict victim students 46.06 302.90 83.20 

Level-three variables (municipality-level, m = 1,009 municipalities) 
Homicide rate# Lowest quartile (Q1) 37.11 301.49 76.85 

Q2 10.60 298.20 79.62 
Q3 24.64 291.88 76.40 
Highest quartile (Q4) 27.65 301.80 76.60 

Governance index Lowest quartile (Q1) 30.43 290.85 78.33 
Q2 19.45 290.27 77.93 
Q3 27.75 302.38 78.13 
Highest quartile (Q4) 22.37 308.04 73.66 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 26.95 292.74 74.59 
Q2 27.81 287.01 75.58 
Q3 37.41 309.94 74.29 
Highest quartile (Q4) 7.83 305.56 74.53 

Level-four variables (department-level, d = 33 departments) 
GDP per capita  Lowest quartile (Q1) 26.58 285.41 78.98 

Q2 24.15 299.45 75.98 
Q3 25.27 294.78 76.80 
Highest quartile (Q4) 23.99 312.99 75.53 

Educ. expenditure 
per student, 
department-level 
data  

Lowest quartile (Q1) 26.42 279.24 75.90 
Q2 27.34 298.58 78.37 
Q3 25.66 307.51 77.13 
Highest quartile (Q4) 20.58 308.39 74.59 

* Data for this variable is only available for n= 74,251 in j= 3,610, m= 193 and d= 33.  
# Data for this variable is only available for n=177,602 in j=14,059, m=687 and d=32. 
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Table 9 Exploratory Data Analysis, Mathematics Grade 5 (country-level study) 

Statistics presented at student-level % Mean Std. Dev. 
Level-one Variables (Student-level, n = 274,404 students) 
Male Male 50.38 298.57 78.62 

Female 49.62 293.20 74.71 
Level-two Variables (School-level, j = 17,200 schools) 
EN school EN school 11.55 292.02 80.31 

Non-EN school 88.45 296.41 76.26 
Session type Complete day 10.75 313.18 81.61 

Morning 57.09 294.55 77.06 
Afternoon 32.15 292.55 73.74 

Rural Rural 23.51 282.25 78.17 
Urban 76.49 300.10 75.82 

Private Private 8.78 334.18 82.66 
Public 91.22 292.22 75.14 

Socioeconomic level NSE 1 20.97 269.89 76.35 
NSE 2 25.43 281.87 72.19 
NSE 3 31.90 298.94 70.41 
NSE 4 21.70 333.05 76.44 

Ethnic population With ethnic students 34.55 288.98 73.91 
Without ethnic students 65.45 299.56 77.96 

Victims of conflict Has conflict victim students 54.83 294.22 73.06 
Has no conflict victim students 45.17 297.96 80.97 

Level-three variables (municipality-level, m = 1,009 municipalities) 
Homicide rate# Lowest quartile (Q1) 37.95 302.24 76.89 

Q2 10.82 294.64 77.11 
Q3 24.50 290.54 75.35 
Highest quartile (Q4) 26.73 296.55 76.06 

Governance index Lowest quartile (Q1) 30.76 289.09 76.41 
Q2 19.35 287.12 75.77 
Q3 27.35 299.92 76.98 
Highest quartile (Q4) 22.54 307.88 75.87 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 25.44 286.24 74.40 
Q2 27.08 284.32 73.74 
Q3 39.82 308.29 74.32 
Highest quartile (Q4) 7.65 306.80 76.15 

Level-four variables (department-level, d = 33 departments) 
GDP per capita  Lowest quartile (Q1) 26.22 281.40 76.47 

Q2 24.39 299.34 75.15 
Q3 24.09 288.52 75.51 
Highest quartile (Q4) 25.30 314.66 75.61 

Educ. expenditure 
per student, 
department-level 
data  

Lowest quartile (Q1) 26.02 273.12 73.37 
Q2 26.55 293.65 75.04 
Q3 25.71 308.87 77.80 
Highest quartile (Q4) 21.71 310.63 74.71 

* Data for this variable is only available for n= 104,600 in j= 3,542, m= 191 and d= 33.  
# Data for this variable is only available for n=248,400 in j=13,797, m=688 and d=32. 
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Table 10  Exploratory Data Analysis, Civic Competencies Grade 5 (country-level study) 

Statistics presented at student-level % Mean Std. Dev. 
Level-one Variables (Student-level, n = 276,169 students) 
Male Male 50.38 283.80 73.50 

Female 49.62 304.29 75.54 
Level-two Variables (School-level, j = 17,533 schools) 
EN school EN school 11.77 285.94 72.69 

Non-EN school 88.23 295.04 75.49 
Session type Complete day 10.80 307.90 78.84 

Morning 57.13 291.82 74.90 
Afternoon 32.07 293.11 74.03 

Rural Rural 23.83 278.53 71.45 
Urban 76.17 298.80 75.72 

Private Private 8.79 333.28 82.38 
Public 91.21 290.18 73.39 

Socioeconomic level NSE 1 21.26 267.82 68.77 
NSE 2 25.46 279.36 68.78 
NSE 3 31.75 297.17 71.20 
NSE 4 21.54 332.32 78.26 

Ethnic population With ethnic students 34.48 288.84 73.15 
Without ethnic students 65.52 296.67 76.15 

Victims of conflict Has conflict victim students 54.67 292.79 72.58 
Has no conflict victim students 45.33 295.39 78.26 

Level-three variables (municipality-level, m = 1,010 municipalities) 
Homicide rate# Lowest quartile (Q1) 37.89 299.16 75.86 

Q2 10.90 291.48 74.93 
Q3 24.53 289.67 74.05 
Highest quartile (Q4) 26.67 296.91 75.56 

Governance index Lowest quartile (Q1) 30.78 289.33 75.31 
Q2 19.30 282.98 71.88 
Q3 27.46 296.38 74.79 
Highest quartile (Q4) 22.45 306.83 76.38 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 25.38 293.91 77.03 
Q2 27.17 286.12 73.69 
Q3 39.82 308.84 76.49 
Highest quartile (Q4) 7.63 294.79 72.49 

Level-four variables (department-level, d = 33 departments) 
GDP per capita  Lowest quartile (Q1) 26.31 279.33 72.20 

Q2 24.49 294.02 73.53 
Q3 27.53 295.25 76.82 
Highest quartile (Q4) 21.67 310.05 75.19 

Educ. expenditure 
per student, 
department-level 
data  

Lowest quartile (Q1) 26.05 277.66 73.71 
Q2 26.61 289.53 73.34 
Q3 25.68 302.32 74.82 
Highest quartile (Q4) 21.66 309.13 75.41 

* Data for this variable is only available for n= 104,883 in j= 3,603, m= 191 and d= 10.  
# Data for this variable is only available for n=250,016 in j=14070, m=688 and d=32. 
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In order to better illustrate the results of the exploratory data analysis, Figure 8 through Figure 11 

show the mean test scores and standard deviations by subgroup/level for a selected few variables 

(gender, socioeconomic level of the school, session type, and departmental GDP/capita in 

quartiles). The standard errors for the means are not depicted in the graphs, as they would be too 

small to be visible. It becomes immediately clear from the graphs that the mean scores differ by 

subgroup/level, though the extent of the variation differs between the variables. For instance, the 

mean difference between boys and girls is barely visible in the graphs (even though it is 

statistically significant for most grade-areas), while the increase in average test scores from low 

to high socioeconomic levels is striking. In all cases, the standard deviations are considerable.  

Put together, the data suggests that all of the proposed explanatory variables are correlated with 

exam scores and should thus be included in the model – with the exception of homicide rates and 

municipality-level data on education expenditures. However, there are good reasons to include 

both of these variables in the analysis nevertheless, as the effect of these variables might be 

concealed by intervening variables. For instance, in the case of homicides, which is used as a proxy 

of a peaceful and safe environment, there is a strong correlation with the location of the school, 

with urban areas experiencing more violence. Given that children in rural areas tend to score 

lower than children in urban areas, this might explain why exam scores do not seem correlate 

with homicide rate—even though children in areas with a higher homicide rates might score 

lower. Both variables (municipality-level data on education expenditures, and homicides) are only 

available for a smaller number of observations than the rest of the variables, hence they will be 

added to the main model later as a robustness check.  
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Figure 8 Exploratory Data Analysis: Mean test scores by gender (country-level study) 

 

 

Figure 9 Exploratory Data Analysis: Mean test scores by socioeconomic level of school (country-level study) 
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Figure 10 Exploratory Data Analysis: Mean test scores by session type (country-level study) 

 

 

Figure 11 Exploratory Data Analysis: Mean test scores by departmental GDP per capita (quartiles) (country-level study) 
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4.1.2.2 School-level 

The finding that there are correlations between the different regressors and the outcome 

variables does not necessarily mean that a multilevel model is necessary – a simple OLS model is 

equally capable of controlling for confounding factors. Rather, it is necessary to look for evidence 

for differences across schools. Is there evidence that student-level scores cluster around distinct 

school-level means?  

Figure 12 helps to answer this question. It shows the spread of student-level grade 3 reading 

scores together with the respective school mean of the grade 3 reading score (based on the first 

plausible value). The data is ranked by the school-mean reading score; in order to make the graph 

easier readable, a random sample of 300 schools was selected for this exercise. Two points are 

immediately clear: First, the school mean scores vary significantly between schools, ranging from 

110 to 603 for this specific sample, and from around -22 to 673 for the overall dataset. This 

suggests that the school regressions will, in fact, have different intercepts. Second, the range in 

the student-level scores varies as well between schools, with spreads anywhere between 0 and 

348 for this specific sample and from 0 to 438 for the overall dataset. This variation suggests 

heteroskedastic student-level error terms. This general pattern is similar for the different grades 

and test areas.  

A second question of interest is whether the correlation between student-level control variables 

and learning outcomes differs across schools. If this is the case, the slope estimates might differ 

between schools, which would suggest a need for predictor-dependent random effects. The only 

student-level control variable in this analysis is gender (and its interaction with the school model). 

Figure 13 shows the school mean grade 3 reading scores for each gender for the random sample 

of 300 schools. The means within schools are connected by lines in order to depict gender 

differences. The graph shows that school mean scores differ across schools, as was already 
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illustrated in Figure 12 – this again indicates that school-level intercepts will differ. More 

interestingly in this context are the slopes of the lines in the graph. First, they are relatively flat, 

which indicates little difference between boys and girls (this mirrors the first panel of Figure 8). 

Second, the difference in the slopes between the schools seems moderate, which indicates that 

the model may not require different slopes for gender for each school.  

 

 

 

Figure 12 Variation in student-level reading scores (plausible value 1) ranked by school-mean of reading scores, for a 
random sample of 300 3rd grade classes (country-level study) 
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Figure 13 Mean language test scores by gender, for a random sample of 300 3rd grade classes. Lines are connecting 
school means (country-level study) 

 

 

4.1.2.3 Municipality-level 

The next step is to explore whether the introduction of a municipality-level (level 3) should be 

considered. As before, the question is whether students differ across municipalities, both with 

regard to their mean test scores and with regard to the variance in the test scores. Additionally, 

it is interesting to check whether school-level predictors differ across municipalities.  
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Figure 14 Variation in school-mean reading scores (plausible value 1) ranked by municipality-mean of school-mean 
reading scores, 3rd grade (country-level study) 

 

 

 Evidence for the first set of questions is presented in Figure 14. It shows the spread of school-

level mean grade 3 reading scores together with the respective municipality mean of the grade 3 

school-mean reading score (based on the first plausible value). The data is ranked by the 

municipality-mean of the school mean reading scores. The graph reveals differences across 

municipalities: the municipality-mean reading scores range between 185 and 464; the spread in 

the school-means for different municipalities range between 0 and 561. This graph indicates that 

municipality-level regressions will have different intercepts and error terms. Thus, the inclusion 

of a municipality-level into the multilevel model appears appropriate. 
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The second set of questions aims at exploring whether the different student-level or school-level 

regressors might have different slopes across municipalities. The eight panels of Figure 15 help to 

answer this set of questions. First, for all of the predictors there is considerable variation in 

average scores across municipalities, supporting the thesis that municipality-level intercepts will 

differ. Second, while the municipality-slopes seem mostly parallel for the predictor variables male 

and private school, there is some more variation across municipalities in the slopes of the other 

variables, especially for EN, rural areas, and session type. For the latter variables, there may thus 

be the need for random coefficients.  

 

 

 

Figure 15 Municipality mean grade 3 language test scores by levels of lower-level predictors. Lines are connecting 
municipality means (country-level study) 
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Figure 16 Variation in municipality-mean reading scores (plausible value 1) ranked by department-mean of municipality-
mean reading scores, 3rd grade (country-level study) 

 

 

4.1.2.4 Department-level 

Finally, it remains to be explored whether the inclusion of a level 4 (departments) might be 

necessary. Figure 16 plots the spread of municipality-level mean grade 3 reading scores together 

with the respective department mean (based on the first plausible value), ranked by the 

department mean. The graphs show differences between departments, both with regard to the 

average reading score and with regard to the variance in means scores. These differences in the 

vertical spread suggest that the departments will have different intercepts and different error 

term variances. The inclusion of a department-level random effect in the multilevel might thus be 

necessary.  

Figure 17 shows how department-level averages of test scores differ across the levels of the 

student-, school-, and municipality-level predictor variables. As before, the need for department-

level intercepts is apparent in the vertical spread of the means. The graphs also show fairly parallel 
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slopes for most variables, the exceptions possibly being school type (EN), schools with ethnic 

students, and homicides.  

 

 

 

Figure 17 Department mean grade 3 language test scores by levels of lower-level predictors. Lines are connecting 
department means (country-level study) 
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4.2 The null model (ANOVA) 

An analysis of variance gives insights into the sources of variance in test scores. What portion is 

due to differences between students, and what portion is due to differences between schools, 

municipalities, and departments? A random effects ANOVA, the so-called null model or variance 

component model, is estimated for each grade and testing area for each of these levels.  

4.2.1 Two-level analysis 

For the initial two-level case, the null model takes the form:  

௜௝݁ݎ݋ܿݏ  = ௝ߚ  + ௜௝ߝ    

Where:  ߚ௝ = ߚ +  ௝ߞ

So that  ߦ௜௝ = ௝ߞ  + ௜௝ߝ  . 
This model describes that the test score of student ݅ in school ݆ is composed of the school mean, ߚ௝, and a random student-level error, ߝ௜௝. The school-level mean, ߚ௝, is itself composed of the 

grand mean, ߚ, and a school-level random error term, ߞ௝. (For better readability, the model does 

not include superscripts for grade or testing area). A different way to look at this model is to define 

the test score of student ݅  in school ݆ as the grand mean, ߚ, and a composite error term, ߦ௜௝, which 

consists of the school-level error, ߞ௝, and the student-level error, ߝ௜௝. 

Of further interest is the intra-class correlation coefficient (ICC), which denotes the percentage of 

the overall variance that is due to the difference at the higher level. The ICC is defined as 

ߩ =  ߰߰ +  ߠ

where ߰ is the variance of the school-level error term ߞ௝, and ߠ is the variance of the student-

level error term ߝ௜௝.  
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Table 11: Two-level variance components models (country-level study) 

 Language,  
3rd grade 

Language,  
5th grade 

Math,  
3rd grade 

Math,  
5th grade 

Civics,  
5th grade 

n (students)  197,234  277,179  195,978  274,404  276,169 
j (schools)  17,652  17,586  17,475  17,200  17,533 

      
Fixed part:      

Grand mean 293.39 (0.49) 293.85 (0.44) 301.24 (0.53) 294.33 (0.48) 289.57 (0.41) 
Random part (sd):      

School-level  54.06 (0.44) 45.94 (0.40) 60.00 (0.46) 49.24 (0.40) 40.24 (0.35) 
Student-level  59.53 (0.12) 67.55 (0.16) 61.49 (0.11) 63.92 (0.11) 65.00 (0.12) 

ICC (schools) 0.45 0.32 0.49 0.37 0.28 
      
LR ࣑૛ 62466.24 65521.63 59641.01 71768.92 56605.35 
p-value (࣑૛) 0.000 0.000 0.000 0.000 0.000 

Standard errors in parenthesis. 
 

 

Table 11, above, summarizes the estimates for these parameters for each grade and testing area. 

The first part of the table contains the number of observations for each model (number of 

students and number of schools). For the grade 3 models, there are just under 200,000 

observations, while the grade 5 estimates are based on around 275,000 observations.  

The second part of the table contains the fixed part of the models, that is, the estimates for the 

grand mean test score across all schools and students, ߚ. For the case of the 3rd grade language 

exam, this grand mean is estimated as 293.39; for the 5th grade language exam, as 293.85, etc. 

The point estimates are precise, as indicated by the small standard errors.  

The third part of the table reports the results for the random part of the model: the estimates for 

the school-level standard deviation, ඥ߰, and the student-level standard deviation, √ߠ, 

respectively. Both are relatively high for all models, which shows that there is large variation both 

between schools (ඥ߰) and within schools (√ߠ). In order to facilitate a better understanding of 

this variation, the table reports the intra-class correlation coefficients (ICCs), i.e. the percentage 
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of the overall variance that is due to differences across schools. The ICCs differ considerably 

between grades and testing areas, but generally speaking they indicate that between one third 

and half of the variance is due to school-level effects. The most extreme cases are civic 

competencies, where only 28% of the variance stems from school-level differences, and 5th grade 

mathematics, where 49% of the variance is due to variance between schools. It also appears that 

school-level differences are more important in grade 3, and become less important in grade 5. In 

other words, the student background becomes more important as students grow older. This 

points towards a failure of Colombian primary schools to improve equity (or, indeed, even to a 

failure not to increase inequity). The finding that most of the variance in test results in Colombia 

is due to student-level effects mirrors the results from previous studies on the topic (Casassus et 

al. 2000; Rangel and Lleras 2010; Baron 2012; Zambrano Jurado 2013).  

Before moving forward with the multilevel model, it is advisable to check whether such a model 

is in fact appropriate for the data. Specifically, it is necessary to test the null hypothesis that the 

between-school variance, ߰, is zero and that there is thus no random intercept ߞ௝ in the model 

(Rabe-Hesketh and Skrondal 2012, 88). In the absence of a random intercept, ordinary regression 

should be used, as it is more efficient.  Formally:  

߰ :଴ܪ = 0 

߰ :௔ܪ > 0 

Because standard errors of variance components tend to be unreliable in a multilevel model, they 

should not be used to evaluate the significance of the variance components (Kim, Anderson, and 

Keller 2013). Instead, the null hypothesis is tested with a likelihood-ratio test, which tests whether 

the model without the random intercept (߰ = 0) is nested within a two-level null model (߰ > 0). 

The ߯ଶ statistic of this test for each of the testing areas and grades is reported in the last part of 
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Table 11, together with the halved p-value.14 The results clearly show that the null hypothesis of 

no random intercept is to be rejected, and multilevel analysis is appropriate.  

4.2.2 Three-level analysis  

Students are nested not only within schools, but also within geographic clusters, most notably 

municipalities and departments. A priori, there are good reasons to believe that these geographic 

clusters matter for learning outcomes. Apart from cultural differences, municipalities and 

departments have considerable autonomy with regard to education policy and funding. It is to be 

expected that observed and unobserved student-, school-, and higher-level characteristics (in 

particular the mean test scores, but also some of the control variables) not only vary between 

schools, but also between municipalities and departments. Preliminary evidence for this 

hypothesis was presented in the exploratory data analysis (section 4.1).  

To test whether municipalities should be included as an additional level in the model, a three-

level variance components model (three-level null model) is defined as:  

௜௝௠݁ݎ݋ܿݏ = ௝௠ߚ  +  ௜௝௠ߝ

Where:      ߚ௝௠ = ௠ߚ +  ௝௠ߞ

and:      ߚ௠ = ߚ +  ௠ߞ

So that      ߦ௜௝௠ = ௠ߞ  + ௝௠ߞ +  . ௜௝௠ߝ
                                                           
 

14 As ߰ cannot be negative, the asymptotic sampling distribution under the null hypothesis is a 50:50 
mixture of ߯ଶ(0) and  ߯ଶ(1), i.e. a distribution with a spike a 0. The p-value obtained from the LR-test is 
therefore conservative, and the correct p-value is obtained by dividing this value by 2 (Rabe-Hesketh and 
Skrondal 2012, 88–89). 
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In words, these models describe that the test score of student ݅ in school ݆ in municipality ݉ is 

composed of the school mean, ߚ௝௠, and a random student-level error, ߝ௜௝௠. The school-level 

mean, ߚ௝௠, is composed of the municipality mean ߚ௠ and a school-level random error term, ߞ௝௠. 

Finally, the municipality mean ߚ௠ is a combination of the grand mean ߚ and a municipality-level 

error term, ߞ௠. Substituting the higher-level equations into the level-one equation shows that the 

overall error term ߦ௜௝௠ has three components: the municipality-level error, ߞ௠; the school-level 

error, ߞ௝௠; and the student-level error, ߝ௜௝௠.  

Equivalent to the two-level model, intra-class correlation coefficients help to understand the 

share of variance of each level. With ߰(ଶ) being the variance of the level-two error term ߞ௝௠ and ߰(ଷ) being the variance of the level-three error term ߞ௠, there are various ICC of interest:  

The share of school-level variance in overall variance:    ߩ(ଶ) =   ట(మ) ట(య)ା ట(మ)ାఏ 

The share of municipality-level variance in overall variance:   ߩ(ଷ) =   ట(య) ట(య)ା ట(మ)ାఏ 

The combined share of school- and municipality-level variance:   ߩ(ଶ,ଷ) =   ట(మ)శ ഗ(య) ట(య)ା ట(మ)ାఏ 

Of course, 1 −   .is the share of student-level variance in overall variance (ଶ,ଷ)ߩ

Table 12 shows the estimation results for these three-level models for all grades and testing areas; 

the presentation of the results parallels the one in Table 11. The models were extended by a 

municipality-level random effect, based on just over 1,000 municipalities.  

The estimates for the fixed part of the model have changed slightly compared to the two-level 

model, but are in the same general range (for instance, 290.24 for 3rd grade language scores and 

292.04 for 5th grade language scores). More interestingly, the random part shows that the 

estimates for the standard deviations of the student-level error terms barely change with the 
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introduction of a third level. Instead, the school-level error term variance changes, as a significant 

part of this school-level error is due to differences across municipalities. This indicates that across 

municipalities, school-level factors differ more than student-level factors. A look at the intra-class 

correlation coefficients shows that the share of the variance that is due to student-level factors 

has indeed hardly changed, but that between 10 and 14 percentage points of what was previously 

identified as school-level variance is actually due to differences across municipalities.  

 

 

Table 12 Three-level variance component models (country-level study) 

 Language,  
3rd grade 

Language,  
5th grade 

Math,  
3rd grade 

Math,  
5th grade 

Civics,  
5th grade 

n (students)  197,234  277,179  195,978  274,404  276,169 
j (schools)  17,652  17,586  17,475  17,200  17,533 
m (municipalities) 1,007 1,011 1,009 1,009 1,010 

      
Fixed part:      

Grand mean 290.24 (1.02) 292.04 (1.00) 299.72 (1.20) 293.80 (1.12) 288.08 (0.90) 
Random part (sd):      

Municipality-level  25.69 (0.89) 26.09 (0.84) 30.89 (1.02) 30.05 (0.93) 24.13 (0.76) 
School-level 47.06 (0.43) 37.76 (0.38) 52.53 (0.44) 40.41 (0.38) 32.37 (0.33) 
Student-level  59.58 (0.12) 67.60 (0.16) 61.52 (0.11) 63.97 (0.11) 65.05 (0.12) 

ICC (schools) 0.34 0.21 0.37 0.25 0.18 
ICC (municipalities) 0.10 0.10 0.13 0.14 0.10 
ICC (j, m) 0.45 0.32 0.50 0.38 0.28 
      
LR ࣑૛ 1850.81 1850.81 1846.10 2637.13 2708.61 
p-value (࣑૛) 0.000 0.000 0.000 0.000 0.000 

Standard errors in parenthesis. 
 

 

In light of the considerable computational power needed to calculate three-level models, the 

question again becomes whether the inclusion of a municipality-level random effect is indeed 
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necessary. That is, it is necessary to test whether ߰(ଷ), the variance of the level-three error term ߞ௠, is zero. Formally, the null hypothesis and the alternative hypothesis are ܪ଴: ߰(ଷ) = 0 

௔: ߰(ଷ)ܪ > 0 

The ߯ଶstatistics of the likelihood-radio tests carried out to test these hypotheses are again 

reported in the last part of Table 12, together with the halved p-values. The test results 

unambiguously show that the municipality-level random intercepts are in fact different from zero 

and should be included in the model.  

4.2.3 Four-level analysis  

Municipalities are nested within departments, which are the political units with major decision-

making power in the Colombian education sector. Differences across departments are therefore 

expected. Hence, a random department-level intercept is added to the model, so that the error 

term is now composed of four levels. Formally:   

௜௝௠ௗ݁ݎ݋ܿݏ  = ௝௠ௗߚ +  ௜௝௠ௗߝ

Where:     ߚ௝௠ௗ = ௠ௗߚ +  ௝௠ௗߞ

and:     ߚ௠ௗ = ௗߚ +  ௠ௗߞ

and:     ߚௗ = ߚ +  ௗߞ

so that ߦ௜௝௠ௗ = ௗߞ  + ௠ௗߞ + ௝௠ௗߞ + ௜௝௠ௗߝ  

Here, ߞௗ is the department-level error, ߞ௠ௗ is the municipality-level error, ߞ௝௠ௗ is the school-level 

error, and ߝ௜௝௠ௗ  is the student-level error;  ߚ௝௠ௗ is the school-level mean, ߚ௠ௗ is the municipality-

level mean, ߚௗ is the department-level mean, and ߚ is the grand mean. There are now four error-
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term variances: ߰(ସ) is the variance of the department-level error, ߞௗ; ߰(ଷ) is the variance of the 

municipality-level error term, ߞ௠ௗ; ߰(ଶ) is the variance of the school-level error term, ߞ௝௠ௗ; and ߠ is the variance of the student-level error, ߝ௜௝௠ௗ.  

 

 

Table 13 Four-level variance component models (country-level study) 

 Language,  
3rd grade 

Language,  
5th grade 

Math,  
3rd grade 

Math,  
5th grade 

Civics,  
5th grade 

n (students)  197,234  277,179  195,978  274,404  276,169 
j (schools)  17,652  17,586  17,475  17,200  17,533 
m (municipalities) 1,007 1,011 1,009 1,009 1,010 
d (departments) 33 33 33 33 33 

      
Fixed part:      

Grand mean 285.80 (3.40) 283.91 (3.94) 292.72 (3.89) 284.70 (4.26) 281.25 (3.59) 
Random part (sd):      

Department-level  17.28 (2.56) 20.78 (2.93) 19.71 (3.00) 22.44 (3.22) 18.98 (2.65) 
Municipality-level  19.46 (0.79) 17.00 (0.69) 23.76 (0.92) 20.28 (0.78) 15.84 (0.63) 
School-level 46.96 (0.43) 37.59 (0.38) 52.43 (0.44) 40.28 (0.38) 32.21 (0.32) 
Student-level  59.59 (0.12) 67.61 (0.16) 61.53 (0.11) 63.97 (0.11) 65.05 (0.12) 

ICC (schools) 0.34 0.21 0.37 0.24 0.18 
ICC (municipalities) 0.06 0.04 0.08 0.06 0.04 
ICC (departments) 0.05 0.06 0.05 0.08 0.06 
ICC (j, m, d) 0.45 0.32 0.49 0.38 0.28 
      
LR ࣑૛ 267.16 466.85 258.92 435.40 460.25 
p-value (࣑૛) 0.000 0.000 0.000 0.000 0.000 

Standard errors in parenthesis. 
 

 

As was the case for the three-level null models, different ICC can be calculated. Some of them are 

presented in Table 13. The most important change compared to the three-level model is that the 
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municipality-level variance is almost equally split up between a department-level- and a munici-

pality-level variance. The share of the school- or student-level variance in the overall variance has 

barely changed. The most important source of variance clearly remains at the student-level. 

The last part of the table contains the results of the likelihood-ratio test which was performed to 

test whether the inclusion of a department-level random effect is indeed necessary (ܪ଴: ߰(ସ) =0, versus ܪ௔: ߰(ସ) > 0). The halved p-values for the significance of ߯ଶ are again estimated as 

approaching zero, which means that a department-level random effect should be included in the 

model.  

Based on the results of this analysis, the following sections will thus present the full model as a 

four-level hierarchical model.  

4.3 The full model  

The full model is built using the “step-up” method of model construction (Ryoo 2011; cited in Kim, 

Anderson, and Keller 2013): the starting point is a simple random-intercept model, and from there 

first the fixed effects are successively added, followed by random coefficients. 

4.3.1 Random-intercept model 

4.3.1.1 Development of the model 

Using the null model developed in the previous section as the starting point, the random-intercept 

multilevel model is developed by adding control variables step by step according to the level they 

belong to. This step-by-step procedure helps to create a more stable model, and it also helps to 

better understand which part of the respective level’s remaining variance the predictors can 

explain. The methodological annex (Annex B) contains the details of this modeling procedure with 

the specific models and estimation results for each step. As it turns out, the available control 

variables at the school- and municipality-level increase the explanatory power of the model, while 
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adding the department-level regressors (departmental GDP per capita and departmental public 

education expenditure per student) does not improve model fit. The best-fitting random-

intercept model is thus model RI3, which contains control variables from the first three levels:  

Model RI3: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ + ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ+ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ +   ௜௝௠ௗߦ

where ߦ௜௝௠ௗ  is the composed error term consisting, as discussed in the previous section, of the 

student-level error term ߝ௜௝௠ௗ, the school-level error term ߞ௝௠ௗ, the municipality-level error term ߞ௠ௗ, and the department-level error term ߞௗ. Apart from the Escuela Nueva dummy (ܰܧ), the 

model includes predictors on three levels. At the student-level, ݈݉ܽ݁ is a dummy for gender, and ݈݉ܽ݁ ∗  a cross-level interaction term of EN and gender. This interaction is testing the ܰܧ

hypothesis that the effect of the EN model differs by gender. With regard to school-level 

regressors, the model contains the variables ݈ܽݎݑݎ (a dummy for whether the school is in a rural 

area); ݁ݐܽݒ݅ݎ݌ (a dummy for whether the school is private); ܰܵܧ (the socioeconomic level of the 

school, defined as the average official socioeconomic level of the children; level 1 is coded as zero, 

levels 2, 3, and 4 are coded as 1, 2, and 3); the interaction of ܰܵܧ and ܰܧ, which tests the 

hypothesis that the EN model is particularly beneficial for children from disadvantaged 

backgrounds; ݁ݐℎ݊݅ܿ (a dummy for whether there are students of ethnic background in the 

school); ܿݐ݈݂ܿ݅݊݋ (a dummy for whether there are children in the school who are victims of the 

conflict); and ݉݃݊݅݊ݎ݋ and ݂ܽ݊݋݋݊ݎ݁ݐ to indicate the type of the session (a full school day being 

the base category). Finally, on the municipality-level it includes the variable ݃݁ܿ݊ܽ݊ݎ݁ݒ݋, the 

governance index of the municipality (see section 3 of Annex A for an explanation of the index). 
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GDP per capita and education expenditure per student by department are not included in model 

RI3 because they lack individual and joint statistical significance. Education expenditure per 

student by municipality is used in section 4.3.3 for testing the robustness of the results.  

4.3.1.2 Results 

Table 14 combines the results of the random intercept model (Model RI3) for all grades and areas. 

Although the random-intercept model is not the final model, a look at the results is interesting 

because the interpretation of the results (particularly with regard to the variances) changes with 

the inclusion of a random coefficient in the next section. The estimated grand mean score is 

around 280 for all grades and testing areas, except for grade 5 mathematics, where the mean is 

only 270. This mean score is important to keep in mind because it provides the reference point 

for the rest of the estimates. Given the control variables and their coding, the grand mean is to 

be interpreted as the expected test score for girls in urban, public, full-day-session non-EN schools 

that have no students of ethnic background nor students who are conflict victims, that serve 

families whose average socioeconomic level is NSE1 (i.e., the lowest level), and that are in 

municipalities with average governance index scores.  

First and foremost, the ceteris paribus effect of EN on test scores is large and statistically highly 

significant for all models. The estimated effect is largest for grade 5 mathematics, where students 

in EN schools are estimated to score 19.5 points higher than comparable children in conventional 

schools. This is a considerable difference. The EN-effect is smallest in the civic competencies exam, 

where girls score “only” 8.4 points and boys 11.07 points higher than their peers in conventional 

schools; in 5th grade mathematics, the EN-effect for boys is also “only” 8.4 points. The random 

intercept models provide little support for the hypothesis that EN is particularly beneficial for girls: 

the gender-EN interaction is significant only for 5th grade mathematics and civic competencies, 

and in the latter case, boys did better than girls.  
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Table 14 Overview: Results of the final random intercept models RI3, all grades and testing areas (country-level study) 

Overview RI3 models Language, 3rd grade Language, 5th grade Math, 3rd grade Math, 5th grade Civics, 5th grade 
n (students)  197,234  277,179 195,978 274,404 276,169 
j (schools)  17,652  17,586 17,475 17,200 17,533 
m (municipalities) 1,007 1,011 1,009 1,009 1,010 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva 11.68 *** (1.59) 9.23 *** (1.43) 19.44 *** (1.89) 12.41 *** (1.43) 8.41 *** (1.23) 
Male -10.25 *** (0.32) -13.55 *** (0.29) 0.59  (0.32) 7.22 *** (0.30) -18.61 *** (0.30) 
EN*Male 1.46  (0.93) -0.31  (1.00) -1.80  (1.11) -3.06 *** (0.88) 2.66 ** (0.86) 
Rural 1.70  (1.51) 4.22 *** (1.22) 4.55 ** (1.69) 4.54 *** (1.33) 3.69 *** (1.06) 
Private 40.20 *** (2.00) 26.71 *** (1.57) 42.20 *** (2.19) 27.36 *** (1.74) 25.97 *** (1.43) 
Socioeconomic level 13.77 *** (0.79) 17.67 *** (0.63) 11.26 *** (0.90) 15.76 *** (0.72) 15.07 *** (0.56) 
EN*Socioeconomic level -7.67 *** (1.52) -9.42 *** (1.27) -7.16 *** (1.68) -9.08 *** (1.39) -8.11 *** (1.17) 
w/ ethnic students -4.30 *** (1.28) -4.33 *** (1.05) -3.39 ** (1.45) -4.50 *** (1.15) -3.33 *** (0.91) 
w/ conflict victims -6.32 *** (1.07) -3.40 *** (0.91) -8.41 *** (1.23) -2.76 ** (0.96) -3.05 *** (0.81) 
Morning session -1.24  (1.67) -3.91 ** (1.37) 0.98  (1.85) -2.83  (1.49) -3.07 * (1.22) 
Afternoon session -7.17 *** (1.76) -10.85 *** (1.44) -5.14 ** (1.92) -9.83 *** (1.52) -7.64 *** (1.26) 
Governance Index 0.27 *** (0.08) 0.23 *** (0.06) 0.29 ** (0.09) 0.27 *** (0.08) 0.16 ** (0.06) 
Grand mean 280.40 *** (3.31) 280.16 *** (3.28) 278.00 *** (3.74) 269.80 *** (3.69) 280.00 *** (3.09) 

Random part (sd):      
Department-level  12.56 (2.00) 14.49 (2.13) 14.23 (2.32) 16.20 (2.44) 14.00 (2.03) 
Municipality-level  17.53 (0.78) 15.07 (0.65) 22.80 (0.90) 19.15 (0.77) 14.23 (0.61) 
School-level 43.09 (0.43) 32.79 (0.37) 49.15 (0.44) 36.78 (0.37) 27.64 (0.31) 
Student-level  59.46 (0.12) 67.37 (0.16) 61.58 (0.12) 63.93 (0.11) 64.54 (0.12) 

ICC (schools) 0.32 0.18 0.35 0.22 0.14 
ICC (municipalities) 0.05 0.04 0.07 0.06 0.04 
ICC (departments) 0.03 0.03 0.03 0.04 0.04 
Total Variance 5857.393 6050.25 6929.95 6068.67 5327.67 
R2 (Var. explained (L1-L4)) 8.95% 9.76% 7.44% 8.47% 9.41% 
R2 (Var. explained (L2-L4)) 19.45% 29.15% 15.24% 21.89% 29.49% 
R2 (Var. explained (L2)) 15.81% 23.93% 12.12% 16.65% 26.36% 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05  
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Table 15 Estimated joint marginal effect of EN and socioeconomic status, based on model RI3 (country-level study) 
 

Language 3 Language 5 Math 3 Math 5 Civics 5 
 EN Non-EN EN Non-EN EN Non-EN EN Non-EN EN Non-EN 

NSE1 11.68 (base) 9.23 (base) 19.44 (base) 12.41 (base) 8.41 (base) 
NSE2 17.78 13.77 17.48 17.67 23.54 11.26 19.09 15.76 15.37 15.07 
NSE3 23.88 27.54 25.73 35.34 27.46 22.52 25.77 31.52 22.33 30.14 
NSE4 29.98 41.31 33.98 53.01 31.74 33.78 32.45 47.28 29.29 45.21 

 

 

In line with worldwide trends, boys did significantly worse in both language exams than girls, while 

they did do significantly better in 5th grade mathematics. In civic competencies, boys scored as 

much as 18.6 points less than girls (other things being equal). Equally unsurprising is the finding 

that students from private schools score significantly higher than children from public schools; 

the difference is over 40 points for both grade 3 exams, and just over 25 points for all grade 5 

exams (which would suggest that the advantage of attending a public school decreases over a 

primary student’s lifetime).  

The estimation coefficients of socioeconomic level have their expected signs. First, the 

independent effect of socioeconomic level is strong, positive, and statistically significant, 

confirming that children of higher socioeconomic levels do better in all of the tests. Second and 

more importantly, the effect of the interaction term of EN and socioeconomic level is also highly 

significant, and negative. This provides support for the hypothesis that the EN model is particularly 

beneficial for children from disadvantaged backgrounds. In order to fully understand how 

socioeconomic status and EN-effect work together, all three coefficients (EN, socioeconomic level, 

and their interaction) have to be interpreted jointly. Table 15 helps to do that: it contains the 

estimated joint marginal effects of socioeconomic status and Escuela-Nueva school. The table 

suggests that the EN model indeed helps to close gaps between children from the different 
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socioeconomic levels: c.p., students from EN schools generally outperform students from non-EN 

schools at the lowest two levels (the difference is not clear for NSE2 in grade 5 language and 

civics).  

The results furthermore show that students from schools with children of ethnic backgrounds or 

with children who are conflict victims do significantly worse than students in schools without 

these populations. Furthermore, children from full-day-session (“jornada completa”) schools do 

better than children in afternoon-session schools; there is no difference to children in morning-

session schools, except in grade 5 language and civic competencies, where the latter do worse. 

What may be surprising is that once the other factors are taken into account, children in rural 

schools score significantly higher than children in urban schools (except in the grade 3 language 

exam, where there is no statistical difference between rural and urban schools). This contradicts 

common knowledge and the results of the exploratory data analysis. However, this phenomenon 

has been discussed in the literature before: According to UNESCO (1998), Colombia is the only 

Latin American country where rural schools outperform urban ones, except in large metropolitan 

areas. One possible explanation may be the poor identification of EN schools by official survey 

data—it is possible that enough rural schools “unofficially” but successfully use the EN 

methodology, so that the coefficient on rural becomes positive. Around three quarters of rural 

schools are EN, and around 98% of EN are rural, which may mean that the estimation of the 

isolated effect of “rural” is unreliable given the poor identification of EN schools. Another 

possibility is a strong interplay between socioeconomic status and rural areas, in the sense that 

for students of a low socioeconomic status, rural schools provide better opportunities, while 

students of higher socioeconomic status do comparatively better in urban schools. After 

controlling for background, the effect of rural schools thus may become positive. It is possible to 

test this hypothesis by including an interaction term in the model. This interaction term indeed 
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turns out to be significant and negative, confirming that rural schools outperform urban ones for 

low socioeconomic levels, while urban ones outperform rural ones for high socioeconomic levels 

(results not reported).   

Finally, municipal governance has a significant and positive effect on learning outcomes, though 

the effect is small. Each point on the 100-points scale (which has a standard deviation of 13.5) 

improves test scores by only 0.16 to 0.29 points. An index score change of one standard deviation 

is thus only associated with an increase in the test score of between 2 and 4 points.  

A look at the estimation results for the random part reveals that schools vary in their intercepts 

with an estimated standard deviation of between 28 and 49 points – the variation being larger for 

grade 3 results than for grade 5 results. Municipalities vary in their intercept with an estimated 

standard deviation of between 14 and 23 points. The smallest inter-municipality variation is found 

in civics test scores, while the largest one is found in 3rd grade mathematics. Finally, departments 

vary in their intercepts with a standard deviation of between 13 and 16 points. Within schools, 

the estimated student-specific standard deviations around the school means fall between 60 and 

67 points; the estimated standard deviations are a little bit smaller in grade 3 than in grade 5.  

The largest part of unexplained variance remains at the student-level, with a share of between 

55% and 78% (depending on the grade and testing area). The smallest share of the unexplained 

variance is due to department-level effects (only around 3-4%), followed by municipality-level 

effects (4-7%). Unaccounted-for school-level factors are responsible for 14-35% of the remaining 

unexplained variance (i.e., the rest). A look at the variance explained, “R2”15, illustrates that: the 

                                                           
 

15 “R2” is set in quotation marks because the parameter is not the “R2” as used in OLS analysis, but the 
difference between the variance in the null model and the respective model, expressed as a percentage of 
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variables in the model are able to explain under 10% of the variance in the null model across all 

levels (levels 1 to 4). The model fit is better when only considering the higher levels (L2-L4), or 

only the school-level (L2). Of the total variance that is due to differences across schools, the model 

explains between 12.1% (for grade 5 mathematics) and 26.4% (for civic competencies). Of all the 

variance that is not due to difference between students, the model explains between 15.2% (for 

mathematics grade 5) and 29.5% (for civic competencies).  

4.3.1.3 Model diagnostics 

The last step in the formulation of the random-intercept models are model diagnostics, with the 

aim to assess the error structure and check whether the model assumptions are valid. Figure 18 

shows the empirical Bayes (EB) predictions for the random intercepts at all levels, together with 

the student-level residual (following Rabe-Hesketh and Skrondal 2012). The box plots depict that 

the variability in the unexplained variance is much higher within schools than between, within 

municipalities than between, and within departments than between. They also give a first idea 

about the distribution of the error terms: the mean seems to be zero as expected in all cases, and 

the quartiles seem distributed symmetrically. Furthermore, there are a number of extreme 

values, especially in the case of level-one residuals, as well as in the case of school-level intercepts.  

For all random terms, normality is assumed. Hence, the corresponding empirical Bayes predictions 

should be normally distributed. Figure 19 (page 118) helps to assess whether this assumption 

holds for the example of language grade 3 test scores: it presents histograms showing the 

distribution of the respective error terms, with an added normal distribution curve for easier 

                                                           
 

the variance of the null model. This coefficient of determination is used as a measure of model fit in 
multilevel analysis (Raudenbush and Bryk 2002; Rabe-Hesketh and Skrondal 2012). 
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comparison (following Kim, Anderson, and Keller 2013). Results for other grades and test scores 

are similar. The histograms show an approximate normal distribution for student-level and 

department-level error terms. The normal distribution is somewhat less clear for school-level and 

municipality-level error terms, which seem to have a lighter-tailed distribution, and are slightly 

skewed to the right.  

Finally, a key assumption is that the conditional level-one residuals are uncorrelated with the 

predicted exam score. Figure 20 helps to assess this assumption by plotting the standardized 

residuals against the fitted values (taking into account both the fixed parts and the random 

intercepts) (following Kim, Anderson, and Keller 2013). If the assumption of independence holds, 

the resulting plot should be a random collection of points without any specific patterns, and with 

approximately equal variance across all predicted values. Indeed, the scatter plots looks fairly 

random (though variance may be slightly smaller for higher predicted test scores).  

All put together, the model assumptions seem tenable. Nevertheless, it may be desirable to adjust 

the model to remove the skew and light tails from the school- and municipality level error terms. 
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Figure 18 Box plots of empirical Bayes predictions for random intercepts at the department-level (ߞሚௗ), municipality-level 
 for model RI3 (country-level study) (௜̃௝௠ௗߝ) and student-level residuals ,(ሚ௝௠ௗߞ) and school-level ,(ሚ௠ௗߞ)

 

Figure 19 Histograms of empirical Bayes predictions for random intercepts at the department-level (ߞሚௗ), municipality-
level (ߞሚ௠ௗ), and school-level (ߞሚ௝௠ௗ), and student-level residuals (ߝ௜̃௝௠ௗ) for language grade 3 exam scores, model RI3 
(country-level study) 
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Figure 20 Scatter plots of empirical Bayes predictions for standardized level-one residuals (ߝ௜̌௝௠ௗ) and fitted values 
ෟ݁ݎ݋ܿݏ) ௜௝௠ௗ) for all grades and areas for model RI3 (country-level study) 

 

 

4.3.2 Random-coefficient model 

4.3.2.1 Development of the model 

The final step in the macro model formulation is the relaxation of the assumption that regression 

lines are parallel between all schools, municipalities, or departments. By including random 

coefficients, it is possible to model different slopes for explanatory variables across the different 

levels, so that the explanatory variables are allowed to have different effects in different schools, 

municipalities, or departments. This may take care of the undesirable patterns in the school- and 

municipality-level error terms that were described in section 4.3.1.3.  

Though it may be tempting to be liberal with the inclusion of random coefficients (a variation in 

slopes seems plausible for many variables!), the literature warns about such overzealousness 
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(Snijders and Bosker 2011; Rabe-Hesketh and Skrondal 2012). Because there is a variance 

parameter for each random effect and a covariance parameter for each pair of random effects, 

the complexity of the model increases rapidly with the inclusion of additional random effects, and 

the model may become unstable.16 The recommendation is clear: “[R]andom slopes should be 

included only if strongly suggested by the subject-matter theory related to the application and if 

the data provide sufficient information” (Rabe-Hesketh and Skrondal 2012, 214).  

From a theoretical standpoint, two random slopes are interesting. First, EN-effect may differ 

among departments. Given that the Secretaries of Education in the individual departments have 

a lot of decision-making power about departmental education policies and budgeting, whether or 

not the model can be successful will likely depend on the political priorities and resources made 

available in each department – for instance, on whether the Secretary provides all schools with 

the necessary learning guides, and whether EN teacher training workshops are regularly 

organized. Such a department-level random coefficient also includes the effect of a range of 

unobserved factors, such as the efforts of lobbying groups, influential “change makers”, and 

personal commitment by key staff in the Secretaries. Thus, while there is no data available to 

directly control for all of these factors of influence, at least the presence of department-specific 

differences in the EN effect can be tested (and quantified) through the inclusion of a department-

level random coefficient. 

The second slope of interest, the effect of EN, might also vary by municipality, due to several 

reasons. First, municipalities have part of the decision-making power in the education sector. 

                                                           
 

16 As Rabe-Hesketh and Skrondal (2012, 213) explain for the case of a two-level model: if there are k random 
slopes in a model, there are ((݇ + 2)(݇ + 1))/2 + 1 parameters in the random part. For 2 random slopes, 
that gives a total of 7 random parameters.    
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While authority over budgets lies mainly with the Secretaries, other responsibilities lie with the 

municipalities. Second, the EN micro centers (the monthly gatherings of EN teachers to exchange 

experiences) are organized at the municipality-level, which means that a large part of the teacher-

support network (and institutional learning) happens at this level. Third, municipalities are more 

homogenous with regard to unobserved environmental factors than departments. Factors such 

as the distance of the school to the next city or the local attitudes towards education will likely 

influence the efficiency of the EN model. For all these reasons, it seems likely that municipality-

level effects are partly responsible for the success of the model.  

The two random coefficients are added sequentially to the model in order to be able to test the 

contribution to the model of each of them. The first random slope to be added is the department-

level coefficient of EN, given the concentration of political decision-making authority at that level. 

Model RC1 looks as follows: 

Model RC1: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ + ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ+ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ + ܧଵௗߞ ௝ܰ௠ௗ + ௜௝௠ௗߦ   

It is an extension of model RI3, with the addition of the random slope ߞଵௗܧ ௝ܰ௠ௗ. ߞଵௗ is the 

department-level random coefficient, as indicated by the subscript 1݀. The rest of the error term 

remains unchanged (ߦ௜௝௠ௗ  is still the composite of the four level-specific error terms).  

Model RC2 includes, in addition to the department-level random coefficient, a municipality-level 

random coefficient, allowing the effect of EN to vary both between departments and between 

municipalities. The model is specified as: 
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Model RC2: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ + ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ+ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ + ܧଵௗߞ ௝ܰ௠ௗ ܧଶ௠ௗߞ+ ௝ܰ௠ௗ +   ௜௝௠ௗߦ

The random slope coefficient ߞଶ௠ௗ was added to the model; the rest remains unchanged. For the 

estimation of the model, no assumptions are made regarding the covariance between the random 

coefficients and the random intercepts.  

4.3.2.2 Results 

Table 17 and Table 18 show the estimation results for models RC1 and RC2, respectively. Before 

interpreting the results, it is useful to take a look at the last row of each table, which contains the 

results for the likelihood-ratio tests. The test statistics are highly significant, indicating that RC1 

fits the data better than RI3, and RC2 better than RC1. In other words: there is evidence that there 

are, in fact, different slopes for the effect of EN on learning outcomes for different departments 

and municipalities. As model RC2 was identified as the best-fitting model, the interpretation will 

focus on that model.  

The estimated effect of EN is clearly and significantly positive for all grades and areas, ranging on 

average across departments, municipalities, and schools from 10.5 (for civic competencies) to 

23.2 (for mathematics grade 3). The effect is stronger for grade 3- than for grade 5 students, which 

is not what would have been expected (longer exposure to the model should increase, not 

decrease, the advantage). There is only little support for the hypothesis that the EN model can 

help close gender gaps. The corresponding interaction is significant only for grade 5 mathematics 

and civic competencies, in the first case favoring girls, in the second case favoring boys. There is, 

however, strong evidence for the hypothesis that the EN model is particularly beneficial for 
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children from disadvantaged backgrounds. The interaction term of EN and the socioeconomic 

level is clearly significant and negative. Table 16 summarizes the estimated difference in learning 

outcomes between EN and non-EN students at different socioeconomic levels based on model 

RC2. It shows that, other things being equal, students in EN schools can expect to do better than 

students in conventional schools for the socioeconomic levels NSE1 and NSE2, while students in 

schools with an average socioeconomic level NSE3 or NSE 4 generally do better if the school is not 

an EN.  

 

 

Table 16 Estimated joint marginal effect of EN and socioeconomic status, based on model RC2 (country-level study) 
 

Language 3 Language 5 Math 3 Math 5 Civics 5 
 EN Non-EN EN Non-EN EN Non-EN EN Non-EN EN Non-EN 

NSE1 15.0 (base) 11.6 (base) 23.2 (base) 15.4 (base) 10.5 (base) 
NSE2 19.4 14.8 17.1 18.9 25.5 12.0 19.7 16.5 15.8 15.7 
NSE3 23.9 29.7 22.6 37.7 27.7 24.0 24.1 33.0 21.2 31.5 
NSE4 28.4 44.5 28.1 56.6 30.0 36.0 28.4 49.5 26.5 47.2 
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Table 17 Results of the random-coefficient models RC1 (country-level study) 

 Language Mathematics  Civic Competencies 
 Grade 3 Grade 5 Grade 3 Grade 5 Grade 5 
n (students) 197,234 277,179 195,978 274,404 276,169 
j (schools) 17,652 17,586 17,475 17,200 17,533 
m (municipalities) 1,007 1,011 1,009 1,009 1,010 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva 13.10 *** (2.73) 9.70 *** (2.54) 20.58 *** (3.00) 12.42 *** (2.19) 8.65 *** (2.02) 
Male -10.24 *** (0.32) -13.55 *** (0.29) 0.59  (0.32) 7.22 *** (0.30) -18.61 *** (0.30) 
EN*Male 1.45  (0.93) -0.27  (1.00) -1.82  (1.11) -3.03 *** (0.88) 2.69 ** (0.86) 
Rural 1.41  (1.52) 4.12 *** (1.22) 4.28 * (1.71) 4.54 *** (1.34) 3.78 *** (1.07) 
Private 39.67 *** (2.00) 26.12 *** (1.57) 41.80 *** (2.19) 27.12 *** (1.74) 25.72 *** (1.43) 
Socioeconomic level 14.53 *** (0.81) 18.55 *** (0.64) 11.78 *** (0.92) 16.30 *** (0.73) 15.54 *** (0.57) 
EN*Socioecon. level -9.33 *** (1.61) -12.22 *** (1.33) -7.76 *** (1.74) -10.10 *** (1.46) -9.22 *** (1.23) 
w/ ethnic students -4.22 *** (1.28) -4.40 *** (1.05) -3.40 * (1.46) -4.50 *** (1.15) -3.26 *** (0.91) 
w/ conflict victims -6.26 *** (1.07) -3.34 *** (0.90) -8.21 *** (1.23) -2.70 ** (0.96) -2.93 *** (0.81) 
Morning session -1.74  (1.69) -4.82 *** (1.41) 0.06  (1.90) -3.27 * (1.53) -3.71 ** (1.25) 
Afternoon session -7.66 *** (1.79) -11.75 *** (1.48) -6.03 ** (1.96) -10.26 *** (1.56) -8.25 *** (1.29) 
Governance Index 0.27 *** (0.07) 0.24 *** (0.06) 0.29 *** (0.09) 0.27 *** (0.08) 0.16 ** (0.06) 
Grand mean 279.62 *** (3.21) 279.88 *** (3.15_ 277.77 *** (3.71) 269.58 *** (3.69) 279.72 *** (3.09) 

Random part (sd):      
EN (department) 10.59 (2.27) 10.28 (1.92) 11.06 (2.34) 7.87 (1.73) 7.58 (1.58) 
Intercept Department 11.56 (1.96) 13.53 (2.04) 13.75 (2.39) 16.01 (2.44) 13.88 (2.03) 
Correlation (EN, dep.) -0.11 (0.26) 0.08 (0.25) -0.29 (0.24) -0.02 (0.28) -0.10 (0.26) 
EN (municipality)                
Intercept (Municipality) 17.33 (0.78) 14.78 (0.66) 22.68 (0.90) 18.94 (0.77) 14.09 (0.62) 
Correlation (EN, muni)               
Intercept (School) 42.96 (0.44) 32.60 (0.37) 49.00 (0.44) 36.68 (0.37) 27.52 (0.31) 
Residual (Student)  59.46 (0.12) 67.37 (0.16) 61.58 (0.12) 63.93 (0.11) 64.54 (0.12) 

LR ࣑૛ (RI3 vs. RC1) 36.37*** 60.15*** 38.57*** 31.78*** 37.84*** 
Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for calculations based on plausible value 1 (results of other plausible values 

not qualitatively different)  
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Table 18 Results of the random-coefficient models RC2 (country-level study) 

 Language Mathematics  Civic Competencies 
 Grade 3 Grade 5 Grade 3 Grade 5 Grade 5 
n (students) 197,234 277,179 195,978 274,404 276,169 
j (schools) 17,652 17,586 17,475 17,200 17,533 
m (municipalities) 1,007 1,011 1,009 1,009 1,010 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva 14.97 *** (2.64) 11.64 *** (2.46) 23.24 *** (2.78) 15.38 *** (2.22) 10.47 *** (1.96) 
Male -10.24 *** (0.32) -13.55 *** (0.29) 0.59  (0.32) 7.22 *** (0.30) -18.61 *** (0.30) 
EN*Male 1.49  (0.93) -0.28  (1.01) -1.84  (1.11) -3.03 *** (0.88) 2.72 ** (0.86) 
Rural 1.36  (1.51) 3.88 *** (1.21) 3.88 * (1.68) 4.03 ** (1.31) 3.58 *** (1.06) 
Private 39.20 *** (1.97) 25.52 *** (1.56) 41.34 *** (2.15) 26.42 *** (1.71) 25.33 *** (1.42) 
Socioeconomic level 14.84 *** (0.79) 18.85 *** (0.64) 12.00 *** (0.89) 16.51 *** (0.72) 15.74 *** (0.57) 
EN*Socioecon. level -10.37 *** (1.69) -13.38 *** (1.41) -9.76 *** (1.86) -12.17 *** (1.57) -10.40 *** (1.30) 
w/ ethnic students -4.48 *** (1.26) -4.57 *** (1.04) -3.75 ** (1.43) -4.85 *** (1.13) -3.49 *** (0.91) 
w/ conflict victims -5.98 *** (1.06) -3.23 *** (0.89) -7.84 *** (1.21) -2.44 * (0.96) -2.86 *** (0.81) 
Morning session -2.39  (1.70) -5.53 *** (1.42) -0.74  (1.91) -4.01 ** (1.53) -4.06 *** (1.27) 
Afternoon session -8.34 *** (1.79) -12.46 *** (1.48) -6.87 *** (1.96) -11.02 *** (1.56) -8.61 *** (1.30) 
Governance Index 0.24 *** (0.07) 0.18 ** (0.06) 0.23 ** (0.08) 0.19 ** (0.07) 0.13 * (0.06) 
Grand mean 279.48 *** (3.10) 280.00 *** (3.13) 277.52 *** (3.59) 269.09 *** (3.63) 279.67 *** (3.06) 

Random part (sd):      
EN (department) 9.01 (2.33) 8.95 (2.07) 7.67 (2.46) 6.60 (1.97) 6.37 (1.68) 
Intercept Department 11.12 (1.85) 13.56 (2.01) 13.48 (2.27) 16.02 (2.38) 13.82 (1.99) 
Correlation (EN, dep.) 0.02 (0.30) 0.14 (0.29) -0.13 (0.34) 0.11 (0.33) -0.05 (0.30) 
EN (municipality) 18.21 (1.89) 16.96 (1.65) 26.87 (1.99) 21.03 (1.69) 14.85 (1.39) 
Intercept (Municipality) 12.78 (0.91) 12.22 (0.80) 15.97 (1.05) 14.24 (0.88) 11.82 (0.71) 
Correlation (EN, muni) 0.14 (0.15) -0.08 (0.14) 0.08 (0.11) 0.02 (0.12) -0.01 (0.12) 
Intercept (School) 42.60 (0.43) 32.25 (0.37) 48.20 (0.44) 36.14 (0.37) 27.24 (0.31) 
Residual (Student)  59.46 (0.12) 67.36 (0.16) 61.58 (0.12) 63.92 (0.11) 64.53 (0.12) 

LR ࣑૛ (RC1 vs. RC2) 96.78*** 103.13*** 206.24*** 162.66*** 109.57*** 
Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for calculations based on plausible value 1 (results of other plausible values 

not qualitatively different)  
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The positive c.p.-effect for rural schools is still present, though it is a little bit smaller than in the 

random intercept model. Students in private schools do considerably better on average than 

students from public schools, and students in schools with ethnic minorities or with conflict 

victims do, on average, worse. The full school day continues to benefit students, especially in 

comparison with the afternoon session (obviously, the school population in these sessions is very 

different). Finally, better municipal governance continues to have a positive effect on learning 

outcomes.  

 

The interpretation of the random part of the model changes compared to the random intercept 

model. The reported standard deviations are now conditional on the school being an EN, and the 

different parameters must be interpreted jointly. The standard deviation of the random intercepts 

for the department- and municipality-levels is the estimated standard deviation for conventional 

schools (ܧ ௝ܰ௠ௗ = 0). With the introduction of random slopes, the effect of EN now varies across 

departments and municipalities. This is most easily assessed graphically. For the case of grade 3 

language scores, Figure 21 (page 129) shows stark differences in the fitted regression lines within 

and between departments (the results for other grades and areas are similar). Each of the plots 

represents one department, and within each plot, each line represents one municipality. Most 

importantly, the direction of the slopes is not uniform: though the estimated average effect of 

the EN model is positive (14.97 in the case of language grade 3, as per Table 18), the effect is 

negative for some municipalities. The graph also illustrates the presence of a department-level 

random coefficient: the individual plots differ from each other with regard to the average slope 

of the lines. At the department-level, two thirds of the departments have an average effect of EN 

in the range of 14.97±9.01 (i.e., between 5.96 and 23.98); at the municipality-level, 95% of the 

municipalities have an average effect of the EN model in the range of 14.97±1.96*18.21 (i.e., 
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between -20.7 and 50.7). This is a very wide range of slopes, which strongly indicates that the 

success of the model depends on the specific circumstances in the department or municipality – 

presumably factors such as political support and resource availability, yet unfortunately there are 

no data to test this.  

The average variance in exam scores for conventional schools and EN schools are presented in 

Table 19. The main result of the table is that the total variance in test scores is larger for EN schools 

than for conventional schools for all grades and areas.  

 

 

Table 19 Estimated total variance in scores for students in different school types based on model RC2 (country-level 
study) 

 Language Mathematics Civics 

 Grade 3 Grade 5 Grade 3 Grade 5 Grade 5 
Escuela Nueva 6121.21 6278.39 7371.23 6374.48 5485.05 
Conventional Schools 5637.01 5910.66 6552.82 5851.79 5236.29 

 

 

Two other interesting questions that can be answered based on the results from model RC2 are 

if and how mean test scores across municipalities or departments are correlated with differences 

between school models. For instance, a positive correlation between the random slope and the 

random intercept at the department-level would indicate that departments with larger mean test 

scores in conventional schools tend to have larger differences between EN schools and 

conventional schools. A negative correlation would suggest the opposite: Departments with large 

mean test scores in conventional schools tend to have smaller differences between the school 

types. Table 20 summarizes the estimates for correlations and covariances of the department- 
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and municipality-level intercepts and slopes. The table indicates that there is not much correlation 

between the random intercepts and the random slopes, and that the correlation that exists, while 

not clearly systematic, tends to be positive. That indicates that across departments or 

municipalities, the size of the effect of the EN model generally does not depend on the average 

effectiveness of conventional schools; though, if anything, the effect of EN is stronger in 

departments with larger mean test scores for conventional schools.  In other words: EN schools 

are almost equally likely to be successful in municipalities or departments with low average exam 

scores as in departments with high average exam scores, with a potential slight advantage in the 

latter. This relationship is depicted in Figure 22 for civics (as an example for low correlation) and 

in Figure 23 for language grade 3 (as an example for a weak to moderate correlation at the 

municipality-level). 

While it would be interesting to calculate intraclass-correlation coefficients, this is unfortunately 

not easily possible for random coefficient models. The reason is that the magnitude of the 

variance estimate depends on the scale and outcome of the underlying covariates. For the same 

reason, it does not make sense to compare the magnitude of random-intercept and random-slope 

variances (Rabe-Hesketh and Skrondal 2012, 191). 

 

 

Table 20 Correlations and covariances for department- and municipality-level random effects (country-level study) 

  Language Mathematics Civics 

  Grade 3 Grade 5 Grade 3 Grade 5 Grade 5 

Department Correlation 0.02 0.14 -0.13 0.11 -0.05 
Covariance 1.99 16.67 -13.31 12.14 -4.11 

Municipality Correlation 0.14 -0.08 0.08 0.02 -0.01 
Covariance 33.74 -16.60 32.23 6.32 -2.01 
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Figure 21 Spaghetti plots of empirical Bayes predictions of municipality-specific regression lines for model RC2 by 
department, language grade 3. Fitted municipality-mean on the left side of each panel for conventional schools and on 
the right side for Escuela Nueva schools (country-level study) 
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Figure 22 Correlation between random coefficient and random slope at the municipality-level (left panel) and 
department-level (right panel) for grade 5 civics scores (country-level study) 

 

Figure 23 Correlation between random coefficient and random slope at the municipality-level (left panel) and 
department-level (right panel) for grade 3 language scores (country-level study) 

 

 

4.3.2.3 Model diagnostics 

The last step is to assess whether the model assumptions hold. As in section 4.3.1.3, this is done 

by plotting the error terms. For the case of the language grade 3 model, the empirical Bayes (EB) 

predictions for the random intercepts and slopes at all levels and the student-level residual are 

plotted in Figure 24 (the depicted variability in the intercepts is conditional on EN = 0). The box 
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plots on the left show that the variability in the unexplained variance is much higher within 

schools than between, and within municipalities than between. Variability in the random 

intercepts and slopes of departments and municipalities is very limited. The box plots also suggest 

that the means of all error terms are zero as expected, and the quartiles are distributed 

symmetrically. There remain a number of extreme values, especially in the case of level-one 

residuals. The right side of the graph shows histograms depicting the distribution of all error 

terms. The histograms suggest an approximate normal distribution for student-level residuals and 

random intercepts, but a large spike in the estimated random coefficients at zero at the 

municipality-level. This spike is due to the fact that almost a quarter of municipalities have only 

one type of school, which makes it impossible to obtain a municipality-level random coefficient 

on EN for these cases. The respective graphs for other grades and test areas look similar.  

 

 

 

Figure 24 Box plots and histograms of empirical Bayes predictions for random intercepts and random slopes at the 
department-level (ߞሚௗ and ߞሚଵௗ) and at the municipality-level (ߞሚ௠ௗ and ߞሚଶ௠ௗ), random intercepts at the school-level (ߞሚ௝௠ௗ), 
and student-level residuals (ߝ௜̃௝௠ௗ) for language grade 3 exam scores, based on model RC2. Estimates for variability of 
random intercepts are conditional on ܰܧ = 0 (country-level study) 
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Figure 25 presents the standardized residuals, plotted against the fitted values, for all grades and 

test areas. The plots seem random: there are no apparent patterns, and the variance seems 

approximately equal across all levels of predicted values.  

 

 

 

Figure 25 Scatter plots of empirical Bayes predictions for standardized level-one residuals (ߝ௜̌௝௠ௗ) and fitted values 
ෟ݁ݎ݋ܿݏ) ௜௝௠ௗ), based on model RC2 (country-level study) 
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4.3.3 Robustness  

In order to make sure that the results are not driven by some isolated modeling decision or 

assumption, the model’s robustness is tested in the following ways: First, the calculations are 

rerun using DANE’s classification of rural/urban and public/private schools instead of ICFES’s. As 

shown in Annex A, the classification for some schools differs between the two databases, and the 

robustness of the result to the classification source needs to be tested. Second, expenditure per 

student and homicide rates are re-introduced into the model to account for the large importance 

that the empirical literature gives to the former for general education outcomes, and to the latter 

(as a proxy for a peaceful environment) especially in the case of civic competencies.  

Table 21 and Table 22 compare the results for the model based on DANE’s classifications of rural 

and private school with the model based on ICFES’ respective classification, for language and for 

mathematics and civic competencies, respectively. The change does not have any effect on the 

significance or substantial size of any of the effects (changes, if any, are within a fraction of a 

standard error). Cleary, the results are robust to the source of definition.  

The second robustness test—the re-introduction of homicide rates and education expenditure—

is more challenging computationally. The first choice for this robustness check was the 

introduction of municipality-level expenditure data as a control variable into the model RC2. 

However, for at least one of the underlying plausible values, the models for each grade/area did 

not converge with any model fitting method (maximum likelihood or restricted maximum 

likelihood) or maximization process (using matrix square roots or logarithms to parameterize 

variance components). As this data is only available for ten departments, the second choice was 

to remove the department-level random effect. Because the models still failed to converge, the 

third choice was the use of department-level expenditure data, which is available for 32 
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departments but was found to be non-significant in the random-intercept models (see section 1 

of Annex B). Model RC3 thus expands RC2 by including data on homicides and education 

expenditure, but the calculations are based on a smaller sample due to data constraints in 

homicide rates. For the case of mathematics grade 5, model RC3 does not include homicide data, 

because that indicator prevented the model from converging.  

 

 

Table 21 Robustness Analysis: Comparison of model RC2 based on classification data from ICFES and DANE, language 
(country-level study) 

 Language Grade 3 Language Grade 5  
 ICFES DANE ICFES DANE 
n (students) 197,234 197,234 277,179 277,179 
j (schools) 17,652 17,652 17,586 17,586 
m (municipalities) 1,007 1,007 1,011 1,011 
d (departments) 33 33 33 33 
Fixed part:     

Escuela Nueva 14.97 *** (2.64) 14.87 *** (2.64) 11.64 *** (2.46) 11.53 *** (2.46) 
Male -10.24 *** (0.32) -10.25 *** (0.32) -13.55 *** (0.29) -13.55 *** (0.29) 
EN*Male 1.49  (0.93) 1.49  (0.93) -0.28  (1.01) -0.28  (1.01) 
Rural 1.36  (1.51) 1.56  (1.54) 3.88 *** (1.21) 4.20 *** (1.23) 
Private 39.20 *** (1.97) 39.13 *** (1.97) 25.52 *** (1.56) 25.61 *** (1.56) 
Socioec. level 14.84 *** (0.79) 14.92 *** (0.80) 18.85 *** (0.64) 18.95 *** (0.64) 
EN*Socioec. level -10.37 *** (1.69) -10.39 *** (1.69) -13.38 *** (1.41) -13.45 *** (1.41) 
w/ ethnic students -4.48 *** (1.26) -4.56 *** (1.26) -4.57 *** (1.04) -4.63 *** (1.04) 
w/ conflict victims -5.98 *** (1.06) -5.96 *** (1.06) -3.23 *** (0.89) -3.17 *** (0.90) 
Morning session -2.39  (1.70) -2.42  (1.70) -5.53 *** (1.42) -5.52 *** (1.42) 
Afternoon session -8.34 *** (1.79) -8.35 *** (1.79) -12.46 *** (1.48) -12.44 *** (1.48) 
Governance Index 0.24 *** (0.07) 0.24 *** (0.07) 0.18 ** (0.06) 0.19 ** (0.06) 
Grand mean 279.48 *** (3.10) 279.41 *** (3.10) 280.00 *** (3.13) 279.75 *** (3.13) 

Random part (sd):     
EN (department) 9.01 (2.33) 9.07 (2.34) 8.95 (2.07) 8.99 (2.07) 
Intercept Dep. 11.12 (1.85) 11.09 (1.84) 13.56 (2.01) 13.53 (2.01) 
Correl. (EN, dep.) 0.02 (0.30) 0.02 (0.30) 0.14 (0.29) 0.13 (0.29) 
EN (municipality) 18.21 (1.89) 18.21 (1.89) 16.96 (1.65) 17.02 (1.65) 
Intercept (Muni.) 12.78 (0.91) 12.79 (0.91) 12.22 (0.80) 12.21 (0.80) 
Correl. (EN, muni) 0.14 (0.15) 0.14 (0.15) -0.08 (0.14) -0.08 (0.14) 
Intercept (School) 42.60 (0.43) 42.62 (0.43) 32.25 (0.37) 32.25 (0.37) 
Residual (Student)  59.46 (0.12) 59.45 (0.12) 67.36 (0.16) 67.36 (0.16) 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. 
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Table 22 Robustness Analysis: Comparison of model RC2 based on classification data from ICFES and DANE, mathematics and civic competencies (country-level study) 

 Mathematics Grade 3 Mathematics Grade 5 Civic Competencies Grade 5 
 ICFES DANE ICFES DANE ICFES DANE 
n (students) 195,978 195,978 274,404 274,404 276,169 276,169 
j (schools) 17,475 17,475 17,200 17,200 17,533 17,533 
m (municipalities) 1,009 1,009 1,009 1,009 1,010 1,010 
d (departments) 33 33 33 33 33 33 
Fixed part:       

Escuela Nueva 23.24 *** (2.78) 22.97 *** (2.79) 15.38 *** (2.22) 15.24 *** (2.23) 10.47 *** (1.96) 10.26 *** (1.97) 
Male 0.59  (0.32) 0.59  (0.32) 7.22 *** (0.30) 7.22 *** (0.30) -18.61 *** (0.30) -18.61 *** (0.30) 
EN*Male -1.84  (1.11) -1.84  (1.11) -3.03 *** (0.88) -3.03 *** (0.88) 2.72 ** (0.86) 2.73 ** (0.86) 
Rural 3.88 * (1.68) 4.71 ** (1.72) 4.03 ** (1.31) 4.42 *** (1.35) 3.58 *** (1.06) 4.14 *** (1.08) 
Private 41.34 *** (2.15) 41.55 *** (2.15) 26.42 *** (1.71) 26.43 *** (1.72) 25.33 *** (1.42) 25.50 *** (1.42) 
Socioeconomic level 12.00 *** (0.89) 12.22 *** (0.90) 16.51 *** (0.72) 16.64 *** (0.72) 15.74 *** (0.57) 15.89 *** (0.57) 
EN*Socioecon. level -9.76 *** (1.86) -9.92 *** (1.87) -12.17 *** (1.57) -12.26 *** (1.58) -10.40 *** (1.30) -10.50 *** (1.30) 
w/ ethnic students -3.75 ** (1.43) -3.81 ** (1.43) -4.85 *** (1.13) -4.92 *** (1.13) -3.49 *** (0.91) -3.54 *** (0.91) 
w/ conflict victims -7.84 *** (1.21) -7.70 *** (1.21) -2.44 * (0.96) -2.38 * (0.96) -2.86 *** (0.81) -2.77 *** (0.81) 
Morning session -0.74  (1.91) -0.70  (1.91) -4.01 ** (1.53) -4.00 ** (1.53) -4.06 *** (1.27) -4.02 ** (1.26) 
Afternoon session -6.87 *** (1.96) -6.81 *** (1.96) -11.02 *** (1.56) -11.01 *** (1.56) -8.61 *** (1.30) -8.55 *** (1.30) 
Governance Index 0.23 ** (0.08) 0.23 ** (0.08) 0.19 ** (0.07) 0.19 *** (0.07) 0.13 * (0.06) 0.13 * (0.06) 
Grand mean 277.52 *** (3.59) 276.88 *** (3.60) 269.09 *** (3.63) 268.80 *** (3.64) 279.67 *** (3.06) 279.26 *** (3.06) 

Random part (sd):         
EN (department) 7.67 (2.46) 7.70 (2.46) 6.60 (1.97) 6.65 (1.98) 6.37 (1.68) 6.42 (1.69) 
Intercept Department 13.48 (2.27) 13.45 (2.27) 16.02 (2.38) 15.99 (2.38) 13.82 (1.99) 13.80 (1.99) 
Correlation (EN, dep.) -0.13 (0.34) -0.13 (0.34) 0.11 (0.33) 0.11 (0.33) -0.05 (0.30) -0.05 (0.30) 
EN (municipality) 26.87 (1.99) 26.88 (1.98) 21.03 (1.69) 21.11 (1.69) 14.85 (1.39) 14.91 (1.39) 
Intercept (Muni.) 15.97 (1.05) 15.95 (1.05) 14.24 (0.88) 14.20 (0.88) 11.82 (0.71) 11.82 (0.71) 
Correl. (EN, muni) 0.08 (0.11) 0.07 (0.11) 0.02 (0.12) 0.02 (0.12) -0.01 (0.12) -0.01 (0.12) 
Intercept (School) 48.20 (0.44) 48.20 (0.44) 36.14 (0.37) 36.15 (0.37) 27.24 (0.31) 27.23 (0.31) 
Residual (Student)  61.58 (0.12) 61.58 (0.12) 63.92 (0.11) 63.92 (0.11) 64.53 (0.12) 64.53 (0.12) 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05.  
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Table 23 Robustness Analysis: Comparison of model RC2 with model including expenditure and homicides, language 
(country-level study) 

 Language Grade 3 Language Grade 5  
 RC2 RC3 RC2 RC3 
n (students) 197,234 178,634 277,179 250,813 
j (schools) 17,652 14,176 17,586 14,094 
m (municipalities) 1,007 686 1,011 689 
d (departments) 33 32 33 32 
Fixed part:     

Escuela Nueva 14.97 *** (2.64) 14.54 *** (2.74) 11.64 *** (2.46) 13.26 *** (2.76) 
Male -10.24 *** (0.32) -10.12 *** (0.34) -13.55 *** (0.29) -13.53 *** (0.32) 
EN*Male 1.49  (0.93) 0.62  (1.07) -0.28  (1.01) -0.27  (1.03) 
Rural 1.36  (1.51) 2.83  (1.62) 3.88 *** (1.21) 5.82 *** (1.34) 
Private 39.20 *** (1.97) 38.58 *** (1.96) 25.52 *** (1.56) 24.64 *** (1.58) 
Socioec. level 14.84 *** (0.79) 15.57 *** (0.82) 18.85 *** (0.64) 19.93 *** (0.67) 
EN*Socioec. level -10.37 *** (1.69) -11.92 *** (1.91) -13.38 *** (1.41) -14.46 *** (1.62) 
w/ ethnic students -4.48 *** (1.26) -4.46 *** (1.30) -4.57 *** (1.04) -4.14 *** (1.07) 
w/ conflict victims -5.98 *** (1.06) -5.85 *** (1.12) -3.23 *** (0.89) -3.43 *** (0.96) 
Morning session -2.39  (1.70) -1.36  (1.83) -5.53 *** (1.42) -5.18 *** (1.53) 
Afternoon session -8.34 *** (1.79) -7.39 *** (1.90) -12.46 *** (1.48) -12.18 *** (1.60) 
Governance Index 0.24 *** (0.07) 0.26 *** (0.08) 0.18 ** (0.06) 0.25 *** (0.07) 
Homicides    0.00  (0.02)    -0.02  (0.02) 
Expend. p. student    0.02 * (0.01)    0.02  (0.01) 
Grand mean 279.48 *** (3.10) 278.92 *** (3.19) 280.00 *** (3.13) 280.14 *** (3.16) 

Random part (sd):     
EN (department) 9.01 (2.33) 8.86 (2.51) 8.95 (2.07) 9.73 (2.15) 
Intercept Dep. 11.12 (1.85) 8.02 (1.73) 13.56 (2.01) 11.20 (1.88) 
Correl. (EN, dep.) 0.02 (0.30) -0.05 (0.36) 0.14 (0.29) 0.00 (0.33) 
EN (municipality) 18.21 (1.89) 16.87 (2.06) 16.96 (1.65) 15.72 (1.78) 
Intercept (Muni.) 12.78 (0.91) 12.82 (0.99) 12.22 (0.80) 11.89 (0.86) 
Correl. (EN, muni) 0.14 (0.15) 0.09 (0.16) -0.08 (0.14) -0.10 (0.16) 
Intercept (School) 42.60 (0.43) 41.69 (0.44) 32.25 (0.37) 31.94 (0.39) 
Residual (Student)  59.46 (0.12) 59.66 (0.13) 67.36 (0.16) 67.58 (0.17) 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. 
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Table 24 Robustness Analysis: Comparison of model RC2 with model including expenditure and homicides, mathematics and civic competencies (country-level study) 

 Mathematics Grade 3 Mathematics Grade 5 Civic Competencies Grade 5 
 RC2 RC3 RC2 RC3b RC2 RC3 
n (students) 195,978 177,602 274,404 274,404 276,169 250,016 
j (schools) 17,475 14,059 17,200 17,200 17,533 14,070 
m (municipalities) 1,009 687 1,009 1,009 1,010 688 
d (departments) 33 32 33 33 33 32 
Fixed part:       

Escuela Nueva 23.24 *** (2.78) 24.12 *** (3.08) 15.38 *** (2.22) 15.33 *** (2.22) 10.47 *** (1.96) 11.87 *** (2.17) 
Male 0.59  (0.32) 0.84 * (0.33) 7.22 *** (0.30) 7.22 *** (0.30) -18.61 *** (0.30) -18.58 *** (0.31) 
EN*Male -1.84  (1.11) -2.10  (1.22) -3.03 *** (0.88) -3.03 *** (0.88) 2.72 ** (0.86) 2.86 ** (1.02) 
Rural 3.88 * (1.68) 4.68 ** (1.82) 4.03 ** (1.31) 4.04 ** (1.31) 3.58 *** (1.06) 4.77 *** (1.17) 
Private 41.34 *** (2.15) 41.18 *** (2.16) 26.42 *** (1.71) 26.41 *** (1.71) 25.33 *** (1.42) 24.86 *** (1.44) 
Socioeconomic level 12.00 *** (0.89) 12.54 *** (0.92) 16.51 *** (0.72) 16.51 *** (0.72) 15.74 *** (0.57) 16.51 *** (0.59) 
EN*Socioecon. level -9.76 *** (1.86) -11.53 *** (2.11) -12.17 *** (1.57) -12.17 *** (1.57) -10.40 *** (1.30) -11.63 *** (1.49) 
w/ ethnic students -3.75 ** (1.43) -2.85  (1.47) -4.85 *** (1.13) -4.92 *** (1.13) -3.49 *** (0.91) -3.31 *** (0.93) 
w/ conflict victims -7.84 *** (1.21) -7.55 *** (1.28) -2.44 * (0.96) -2.43 * (0.96) -2.86 *** (0.81) -3.00 *** (0.84) 
Morning session -0.74  (1.91) -0.67  (2.09) -4.01 ** (1.53) -4.03 ** (1.53) -4.06 *** (1.27) -3.82 ** (1.43) 
Afternoon session -6.87 *** (1.96) -6.80 *** (2.14) -11.02 *** (1.56) -11.04 *** (1.56) -8.61 *** (1.30) -8.35 *** (1.45) 
Governance Index 0.23 ** (0.08) 0.30 *** (0.09) 0.19 ** (0.07) 0.20 ** (0.07) 0.13 * (0.06) 0.18 ** (0.06) 
Homicides    0.01  (0.03)          -0.02  (0.02) 
Expendit. per student    0.01  (0.01)    0.01  (0.01)    0.02 * (0.01) 
Grand mean 277.52 *** (3.59) 276.79 *** (3.81) 269.09 *** (3.63) 270.17 *** (3.59) 279.67 *** (3.06) 280.75 *** (2.98) 

Random part (sd):         
EN (department) 7.67 (2.46) 8.01 (3.10) 6.60 (1.97) 6.60 (1.97) 6.37 (1.68) 6.34 (1.82) 
Intercept Department 13.48 (2.27) 10.71 (2.42) 16.02 (2.38) 15.06 (2.47) 13.82 (1.99) 11.12 (1.83) 
Correlation (EN, dep.) -0.13 (0.34) -0.09 (0.44) 0.11 (0.33) 0.12 (0.35) -0.05 (0.30) 0.03 (0.37) 
EN (municipality) 26.87 (1.99) 26.48 (2.18) 21.03 (1.69) 21.05 (1.70) 14.85 (1.39) 14.53 (1.48) 
Intercept (Muni.) 15.97 (1.05) 16.53 (1.16) 14.24 (0.88) 14.27 (0.89) 11.82 (0.71) 11.50 (0.76) 
Correl. (EN, muni) 0.08 (0.11) -0.01 (0.12) 0.02 (0.12) 0.02 (0.12) -0.01 (0.12) -0.11 (0.12) 
Intercept (School) 48.20 (0.44) 47.25 (0.49) 36.14 (0.37) 36.15 (0.37) 27.24 (0.31) 26.96 (0.32) 
Residual (Student)  61.58 (0.12) 61.77 (0.13) 63.92 (0.11) 63.92 (0.11) 64.53 (0.12) 64.82 (0.12) 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. 
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Table 23 and Table 24 show the result for the robustness analysis, comparing model RC2 with 

model RC3. Again, model RC2 does not change with the changes in the specification. The 

coefficient on educational expenditure per student is positive but only marginally significant in 

two of the five models, suggesting that an increase in educational expenditures does not 

necessarily improve learning outcomes. The coefficient on homicides is not significant in any 

testing area or grade. Overall, the results discussed seem robust to changes in the model.  

4.4 Discussion  

The results of the country-level analysis are unambiguous: even after controlling for cluster-

effects at the school-, municipality-, and department-levels, students in schools that are officially 

classified as EN do significantly better than students in other schools, other things being equal. In 

the final model, students in EN schools score, on average, between 11.6 and 23.2 points higher 

on the Pruebas SABER test. The estimated c.p. effects are summarized again in Table 25: A girl in 

an urban full-day public school of the lowest socioeconomic level, without any ethnic students or 

students who are victims of the conflict, in a municipality with an average governance index, can 

expect to score 279.5 points on the Pruebas SABER grade 3 language exam if her school does not 

identify as an EN, but 294.5 points if her school does identify as an EN. Thus, the null hypothesis 

that there is no difference in learning outcomes between students in EN and non-EN schools can 

be clearly rejected based on this analysis.  

A variation of the alternative hypothesis stated that the effect of socioeconomic status on learning 

outcomes is smaller in EN schools than in conventional schools, other things being equal. The 

answer is affirmative: Given the highly significant and negative coefficient on the interaction term 

of EN and socioeconomic level, the null hypothesis of no difference can be rejected, in favor of 

the alternative hypothesis that EN is particularly beneficial for children from poor families. Table 
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16 on page 123 already summarized the estimated joint marginal effects of EN and socioeconomic 

background: In general, children in schools with an average socioeconomic level of NSE1 to NSE2 

do better if their school is an EN, while children from the socioeconomic levels NSE3 and NSE4 do 

better in non-EN schools. In that sense, the school model helps to bridge the gaps between the 

groups. A note of caution here is that the socioeconomic level is measured at the school-level, not 

at the level of the individual student. It is possible that the positive effect exists only at the 

aggregate (school-) level, but not at the student-level: The average student in a school with a 

lower average socioeconomic level may be benefitting more from the model, but the effect need 

not be the same for students from a specific socioeconomic level in schools with a higher (or 

lower) average level. While there is no data to separate the effect of the socioeconomic 

background into a between-school and within-school component, the fact that the effect of EN is 

strongest in schools with an average socioeconomic level of NSE1 (i.e., the lowest) means that 

these schools really do cater to the most disadvantaged students.  

 

 

Table 25 Expected exam scores in the Pruebas SABER based on model RC2 (country-level study) 

 Language 
Grade 3 

Language 
Grade 5 

Mathematics 
Grade 3 

Mathematics 
Grade 5 

Civics  
Grade 5 

Escuela Nueva 294.5 291.6 300.8 284.5 290.1 
Difference 15.0 11.6 23.2 15.4 10.5 

Non-Escuela Nueva 279.5 280.0 277.5 269.1 279.7 
Standard deviation  75.2 79.7 77.5 76.8 75.2 
Effect size 0.20 0.15 0.30 0.20 0.14 

 

 

The third research question that was assessed in this chapter is whether the effect of the EN 

model differs by gender, the alternative hypothesis being that gender gaps are smaller in EN 
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schools. The results suggest that this is only partially the case. The interaction term in the final 

model was only significant in two cases (5th grade mathematics, and civic competencies), in the 

former case favoring girls, and in the latter, boys. As far as the model results are concerned, the 

school model has thus some limited impact on existing differences between genders. In grade 5 

mathematics, where boys tend to score higher, the model decreases the difference between boys 

and girls by improving girls’ scores relative to boys’. In civic competencies, where girls tend to 

score higher, the same reduction in gender-differences takes place: Even though boys perform 

worse than girls in both school types, the difference is smaller in EN schools. However, this 

equalizing effect could not be found for language, or 3rd grade mathematics.  

EN improves learning outcomes, especially for poor children; in some instances, it also helps to 

decrease the difference between genders. That being said, the question becomes whether or not 

the value added by the EN model is of any practical significance – that is, whether the magnitude 

of the effect is large enough to argue that the model can make an actual and noticeable 

difference. In order to facilitate interpretation, Table 25 (page 139) also includes information 

about the standard deviation in the exam results for each grade and testing area and the effect 

size based on the difference between the models and the standard deviation. The estimated 

effect sizes are anywhere between 0.14 (in the case of civic competencies) and 0.3 (in the case of 

3rd grade mathematics). Effect sizes are slightly higher for grade 3 exams than for grade 5 exams.  

These effects may not appear impressive by general standards (Cohen (1988) and Lipsey  (1990) 

would classify them as small) – but  when interpreting effect sizes it is important to take into 

account the context of the research. There is no universal guideline for judging the practical 

importance of an effect size. Instead, the nature of the intervention, the target population, and 

the outcome measure have to be taken into consideration (Hill et al. 2007).  
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The logical way to assess the practical importance of the effect of EN is to compare it with the 

effects estimated for other control variables. A good candidate is the socioeconomic level. Moving 

from a school of the lowest average socioeconomic level to a school with the second-lowest level 

is associated with an expected increase in exam results of between 57% and 191% of the effect 

of moving from a non-EN school to an EN school, depending on the area. In other words: for 

children from the poorest families, on average across testing areas and grades, being an EN school 

appears to make up for the disadvantage of as much as an entire socioeconomic level. This surely 

is a remarkable effect (Table 16 on page 123 helps to understand the differences at other 

socioeconomic levels).  

A second helpful comparison is to contrast the estimated ceteris paribus effect of EN with the 

number of points necessary to move from one achievement level to the next. ICFES (2015a) 

defines for each grade and testing area a four-step scale of achievement levels. For instance, in 

the case of the language grade 3 exam, a score between 100 and 238 is considered insufficient; a 

score from 239 to 300 is considered poor; a score between 301 and 376 is considered satisfactory; 

and a score between 377 and 500 is advanced. The specific ranges for other grades and testing 

areas are different, but comparable in size. The marginal effect of the EN model, estimated 

between 10 and 23 points, is clearly not enough to bridge a whole achievement level – but the 

added value of the model is of noticeable size on that scale (up to a third of the distance from one 

achievement level to the next).  

Put together, it seems thus safe to say that the effect of the EN model on learning outcomes is 

significant not only in a statistical, but also in a practical sense. However, the statistical model 

developed in this chapter can only explain a relatively small share of the differences in exam 

scores between students. By far the largest share is due to differences between students, which 

cannot be controlled for with the available database.  
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As discussed in section 3.3.1 (as well as section 1.2 of Annex A), it may be necessary to adjust the 

estimates for a potential sample selection bias. The database only contains schools that reported 

results correctly, which are likely to be schools of higher overall quality. Under the assumption of 

positive correlations between school quality and learning outcomes as well as between school 

quality and use of the EN model, the estimated effects are likely biased upwards. This is true for 

the main effect of the EN model as well as for its interaction with socioeconomic status, provided 

the latter is positively correlated with school quality. Unfortunately, the extent of this 

confounding cannot be established based on the available data.  

The analysis based on the available secondary data cannot address the question of program 

implementation, yet the multilevel model does give some possible leads. First, the random 

coefficient model showed that the total variance in test scores is larger for EN schools than for 

conventional schools. This can certainly be attributable to more diverse student populations, but 

it also could be due to the fact that schools that are officially classified as EN are actually very 

heterogeneous in their teaching practices. As every school is observed only as being or not being 

an EN school, it is not possible to calculate the variance in the effect of the use of the EN model 

between schools with different characteristics.  

Second, it is possible to estimate differences in the effect of EN across municipalities and 

departments, which was done by introducing a random coefficient. Indeed, the model confirmed 

differences in the effect of the model between these respective clusters, which may be due to 

differing levels of program implementation and support. Unfortunately, no data is available to 

test this hypothesis further, but Table 26 summarizes the estimates for the department-level 

random coefficients in all grades and testing areas. Highlighted in dark grey are estimates that are 

negative. While the picture is not uniform, there are some patterns: Departments tend to have 

negative effects in either all/most or none/almost none of the five grade-area combinations. The 



143 
 

 

departments with consistent positive department-level slope estimates are Caldas, Cesar, Meta, 

Norte de Santander, Quindío, Santander, Tolima, and Valle del Cauca—which includes most of the 

departments of the coffee growing region where the model gained a foothold early on.  

 

 

Table 26 Estimated random coefficient of EN by department. Negative effects marked in grey (country-level study) 

 
 

Language 
Grade 3 

Language 
Grade 5 

Mathematics 
Grade 3 

Mathematics 
Grade 5 

Civics  
Grade 5 

Amazonas 0.76 -1.00 1.12 -1.13 -0.09 
Antioquia 0.02 -4.48 -1.84 -0.67 -0.99 
Arauca -2.25 -4.46 -1.76 0.25 -2.59 
Atlántico 0.41 0.38 0.09 -3.18 -1.45 
Bogota -1.33 1.59 -2.12 0.79 0.27 
Bolivar -14.20 -10.12 -4.40 -4.96 -5.77 
Boyacá -11.47 -3.02 -12.39 -6.73 -9.39 
Caldas 9.01 8.82 3.93 1.90 2.52 
Caquetá -5.29 -0.21 2.52 0.24 2.88 
Casanare -2.79 -2.74 -1.14 -2.98 1.45 
Cauca -2.62 -1.34 -0.29 0.53 1.31 
Cesar 9.18 7.95 7.63 7.95 7.69 
Choco 10.93 0.43 2.71 -3.22 0.45 
Cordoba -10.69 -9.11 -6.82 -6.24 -5.80 
Cundinamarca -2.52 5.31 -4.74 0.83 0.47 
Guainía -0.31 -0.41 0.07 0.26 -0.74 
Guaviare 0.15 -1.43 -0.36 -0.23 0.01 
Huila -3.47 -4.57 -4.60 -1.41 -3.93 
La Guajira -6.37 -3.77 -1.82 -1.42 -1.93 
Magdalena 6.54 -10.61 6.24 -3.90 -4.18 
Meta 3.90 3.83 4.88 0.02 4.42 
N. de Santander 4.36 2.60 3.45 7.49 1.56 
Nariño -5.84 -6.43 -6.88 -0.52 -6.30 
Putumayo 0.73 -3.90 -1.92 -0.92 -1.09 
Quindío 9.40 17.08 3.50 7.84 9.39 
Risaralda -0.37 -1.54 -2.52 -1.50 -0.78 
San Andres -0.03 -0.79 0.15 -0.49 0.19 
Santander 3.56 5.25 7.47 4.56 3.55 
Sucre -4.77 -5.66 0.10 -3.62 -2.05 
Tolima 6.27 5.73 5.32 0.43 2.07 
Valle del Cauca 9.91 17.17 4.68 11.11 10.05 
Vaupes -0.06 -0.24 0.86 -0.51 -0.04 
Vichada -0.74 -0.33 -1.11 -0.57 -1.18 
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Departments where the model has received the least political attention include, according to 

Fundación Escuela Nueva, Amazonas, Atlántico, Bolivar, and La Guajira; these tend to have 

negative random slope estimates. However, other departments where the model has generally 

been well supported in recent years (again according to Fundación Escuela Nueva: Cundinamarca, 

Boyacá, and several municipalities of Antioquia) turn out to have mixed or even negative 

department-level slopes (not necessarily negative overall EN slopes). All put together, there is 

some indication that department-level political support matters, but more research is necessary 

in order to test that hypothesis. 

A crucial caveat of this chapter remains that the variable used to identify EN schools is known to 

be imprecise: Not all schools that are officially classified as EN actually use the model, and many 

of the schools that are officially classified as “not EN” use at least parts of it. That identification 

problem cannot be solved based on the available data. The next two chapters address that 

problem by first gathering evidence on the level of program implementation in one department, 

and then analyzing how this implementation affects learning outcomes. 
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5 Escuela Nueva Implementation in Quindío  

The goal of this chapter is to find answers to the first set of research questions: To what extent 

have the Escuela Nueva model and its components been implemented in Colombia? How does 

the official classification compare to the actual status of implementation? How clearly are EN 

schools distinguishable from conventional schools? And what determines the extent of program 

implementation? The questions are answered based on quantitative and qualitative primary data 

collected in the department of Quindío, in Colombia’s coffee growing region.  

The chapter is structured as follows. First, the Escuela Nueva implementation index is introduced 

(section 5.1). Based on this index, program implementation in Quindío’s rural schools is analyzed. 

The results show large variation in the way that the model is implemented, and a weak correlation 

between the official EN classification and the extent of program implementation (section 5.2). 

Subsequently, the results of the qualitative study are presented, organized by the indicator 

dimensions. The qualitative analysis confirms large differences in implementation, not just 

between schools, but also within schools with regard to different components of the model 

(section 5.3). Finally, section 5.4 discusses the results and draws conclusions with regard to the 

research questions.   

5.1 The Escuela Nueva implementation index 

In order to capture the differences in classroom practices across schools (which may or may not 

be formally classified as EN), an index of EN implementation was developed. The index is based 
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on the conceptual framework of the school model that was already presented in section 1.2 

(Figure 3 on page 13). 

5.1.1 Construction of the index 

The EN implementation index is a combination of a “teacher index” and a “student index”, both 

equally weighted. Each of these indices is based on the classroom practices as reported by the 

respective group. Using information from both teachers and students helps to triangulate the 

information, as there are specific error sources for both groups. For instance, teachers may be 

more likely to report their classroom practices as more closely following the guidelines than what 

is actually the case. Additionally, information about an aspect of program implementation is not 

always available from both teachers and students. On the one hand, this is because there are 

some aspects of the EN model (such as the organization of the teacher training workshops, or 

students’ regular participation in the student government) that can only be reliably answered by 

one group or the other. On the other hand, the student questionnaire had to be considerably 

shorter than the teacher questionnaire, given the reading level of the students who were asked 

to fill out the survey. The section on the statistical properties of the index (section 5.1.2) will 

compare the student index with the teacher index.  

Table 27 shows the simplified structure of the implementation index. It is based on four (for 

students) or five (for teachers) dimensions. These are:  

1. Teacher Training (teachers only) 

2. Classroom Organization 

3. School and Community 

4. Learning Guides 

5. Roles of Students.  
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Table 27 The Escuela Nueva Implementation Index 

Dim. Sub-dimension Component 

1 
Te

ac
he

r T
ra

in
in

g 1 Pre-service training 1 Received pre-service training 
2 Participation in Initiation Workshop  
3 Participation in Learning Guide Workshop  
4 Workshops followed EN methodology 
5 Feels that managed to put content into practice  

2 In-service training and support 1 Participates in micro centers / experience exchange 
2 Visits model schools 
3 Receives regular mentoring visits 

2 
Cl

as
sr

oo
m

 se
tu

p 1 Learning corners 1 Set up in classroom 
2 Stocked with appropriate materials 
3 Stocked by teachers, students, community 
4 Are continually expanded  
5 Are set up for all subject areas 
6 Are often used 

2 Flexible Furniture 
 

3 Classroom library 1 Set up in classroom 
2 Is often used 
3 Contains wide range of materials 

4 EN instruments 1 Exist 
2 Are visibly displayed in classroom 

5 Multigrade classrooms   

3 
Sc

ho
ol

 &
 

Co
m

m
un

ity
 1 Flat administrative structure 

2 Parental involvement 1 Frequent contact with families 
2 Use of travelling journal 
3 Families participate in school work (application exercises) 

3 Community Involvement  1 Use of community map/croquis 
2 Use of community monograph 
3 Family book 
4 Celebration of achievement Day 

4 
Le

ar
ni

ng
 G

ui
de

s 1 Teacher guides 1 Teacher has teacher’s guide 
2 Uses guides regularly 

2 Student guides 1 Guides available in all subjects 
2 Guides frequently used 
3 One guide per student 

3 Proper use of guides by 
students 

1 Complement guide with other materials 
2 Do activities in own note books 
3 Do not write in guide book 
4 Use alone, in pairs, and in groups 

4 Proper use of guides by 
teachers 

1 Makes modifications to guides 
2 Holistic use/all activities 
3 Used to promote active learning 

5 
Ro

le
s o

f S
tu

de
nt

s 1 Student-centered/active 
learning 

1 Students work alone, in pairs, and groups 
2 Teachers as guides, not lecturers 
3 Flexible promotion 
4 Assistance self-reported 
5 Peer-to-peer tutoring 
6 Progress report 

2 School democracy and Shared 
responsibility for classroom 

1 Student government in place 
2 Committees in place 
3 Shared responsibilities in classroom 

Light grey: Component only in the teacher index; Dark grey: component only in the student index 
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Within each of these dimensions, there are different numbers of sub-dimensions, components, 

and sub-components, which consist of a varying number of indicators. A detailed overview of the 

index is provided in Annex C . 

The index was calculated based on primary data that was collected in 78 schools in the Colombian 

department of Quindío between April and November of 2016. More information on the data 

collection process can be found in section 3.3.3. 

The calculation of the index was done in several steps. First, at the level of the individual 

respondent, the indicators are defined as dichotomous variables taking the value 1 if the 

respective aspect of the model is implemented (according to the respondent), and 0 if it is not. In 

a few cases, partial scores for implementation are possible instead of a dichotomous coding. For 

instance, the indicator on the frequency of contact with parents takes the value 1 if there is 

reported contact every week, the value 0.5 if there is contact every month, and 0.25 if there is 

contact each term. While calculations were done separately for teachers and students, the 

indicator definitions parallel each other where possible and appropriate in order to maximize 

comparability between the students’ and teachers’ answers.  

Second, the weighted sum of the indicators is calculated for each respondent for all dimensions, 

based on a multiple-level equal-weighting system: Within each dimension, all sub-dimensions are 

equally weighted; within each sub-dimension, all components are equally weighted; on so on, 

until the last level. This equal weighting assures that the weight of an indicator is not determined 

by the level of detail with which information on a particular aspect of implementation is available. 

Given that there are no a priori reasons to think that one aspect of the model is more important 

than the others—in fact, publications of Fundación Escuela Nueva always stress the holistic nature 

of the approach that “rethinks” primary education in its entirety (Colbert 2009; Colbert 2015; 
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Caballero Rojas 2009)—adopting equal weights for the major aspects of the model, and equal 

weights of all constituting elements at the lower levels, seems to be the most conservative 

approach to take.  

Third, for each school and dimension, the mean score of all respondents of a group (i.e., all 

students or all teachers) is calculated as a simple average. The resulting number is multiplied by 

100. For each school, there is thus a student dimension implementation score between 0 and 100 

for each of the four dimensions in the student index, and a teacher dimension implementation 

score between 0 and 100 for each of the five dimensions in the teacher index.  

Fourth, for each school and dimension, the average of the dimension implementation scores of 

teachers and students is calculated, resulting in a total implementation percentage for the 

respective dimension. In dimension 1, where information is available only for teachers, their score 

becomes the total implementation percentage. For the two cases where no teacher data is 

available, the percentage of dimension 1 is imputed so that the ratio of the implementation score 

in dimension 1 to the implementation score in the other dimensions is the same as it is, on 

average, in schools where teacher data is available. That way, the overall assessment relative to 

other schools is not changed.  

Fifth, for each school the dimension implementation scores are averaged in order to obtain a total 

implementation percentage for the school. At the same time, school-level teacher and student 

implementation indices are calculated by taking the average dimension score across all 

respondents of the same type (i.e., the average of all teacher dimension implementation scores 

gives a school-level teacher implementation index, and the average of all student dimension 

implementation scores given a school-level student implementation index). Because of the equal 
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weighting process described in step two, each of the indices can thus take theoretical values 

between 0 and 100.   

Constructing the index in this way has several advantages. First, the index values fall per definition 

in a range between 0 and 100, which can be interpreted as the implementation percentage – both 

at the aggregate level, and for individual dimensions. Second, by considering both students’ and 

teachers’ responses, the approach makes it possible to analyze agreement and disagreement 

between the groups, and check whether results change if only one group’s experience is 

considered. Third, the approach also allows for disaggregating the index scores (and their 

variation) into the different elements of the EN methodology.  

5.1.2 Statistical properties  

Table 27 summarizes key descriptive statistics for the implementation index, student index, and 

teacher index. The mean score is 62.1 on the overall index, and similar on the underlying group 

indices (65.3 for students, and 62.6 for teachers). The respective standard deviations are 11.9, 

14.1, and 13.5. The index ranges from a minimum value of 22.5 to a maximum value of 83.8 (20.6 

to 92.6 for students, and 19.8 to 85.5 for teachers). Note that the values of the EN implementation 

index are not the average of the student and teacher indices, because information from these 

groups was averaged at the level of the index dimensions, not at the level of totals.  

Figure 26 shows how the scores are distributed. The histograms on the left panel show a fairly 

good overlap in the scores between respondent groups, and, as a result, the overall index. The 

right panel shows the student and teacher index histograms separated, together with a scatter 

plot that indicates how scores on the teacher and student index are correlated (each dot 

represents one school). The scatter plot shows that the agreement between the respondent 

groups within the same school is only moderate. This is also demonstrated by the correlation 
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coefficient between the two parts of the index, which is 0.46 (p<0.001) and lies thus at the upper 

end of the “moderate” spectrum (Cohen 1988). However, the correlation between the student 

index and the overall index, as well as between the teacher index and the overall index, is with 

0.77 (p<0.001) and 0.92 (p<0.001), respectively, high. 

 

 

 

Table 28 Descriptive Statistics on Implementation Index and Student- and Teacher Index 

 N Mean Std. Dev. Min Max 
Implementation Index 78 62.1 11.9 22.5 83.8 
Student Index 68 65.3 14.1 20.6 92.6 
Teacher Index 76 62.6 13.5 19.8 85.5 

 

 

 

Figure 26 Histograms of EN Implementation index, Student- and Teacher Index (left side); variance and covariance of 
teacher and student indices (right side) 
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Figure 27 shows how student and teacher index are correlated for the individual dimensions (as 

there is only teacher information on dimension 1 [teacher training and support], this dimension 

is omitted). The graph shows that the level of agreement differs between the dimensions. The 

correlation between students’ and teachers’ assessments of classroom practices is high for 

dimension 2 (classroom organization), where r = 0.62 (p<0.001); moderate for dimensions 3 

(school and community) and 5 (roles of students), with correlation coefficients of 0.44 (p<0.001) 

and 0.38 (p=0.002), respectively; and low for dimension 4 (learning guides), with r = 0.17 

(p=0.161).  

 

 

 

Figure 27 Correlation between student- and teacher indices for individual dimensions 

 

 

A closer look at the original data reveals that this is not necessarily due to a faulty index. For some 

important questions, teachers’ and students’ responses do, in fact, contradict each other. For 

instance, in many schools, teachers say that there are learning guides for a given subject area, but 
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students say there are not; and in almost half of the schools, students and teachers disagree about 

whether teachers are acting more as lecturers or as guides.17 

Finally, Table 29 displays the correlation matrix for the index dimension scores and total index 

scores. It shows high correlations between the individual dimensions and the overall index (last 

row). It shows a mixed picture for the correlations between the indicator components, from very 

weak correlations (for instance, between dimension 1 [teacher training] and dimension 5 [roles 

of students], or dimension 3 [community relations] and dimension 4 [learning guides]) to strong 

correlations (between dimension 2 [classroom organization] and dimension 4 [learning guides] or 

5 [roles of students]). This finding is positive for the overall index: It indicates that the individual 

index elements are well connected to the overall index, but each element captures a different 

concept from the ones captured by other elements.  

 

 

Table 29 Correlation Matrix of EN index dimensions 

 Dim. 1 Dim. 2 Dim. 3 Dim. 4 Dim. 5 EN Index 
Dim. 1 1.00            
Dim. 2 0.24 * 1.00          
Dim. 3 0.28 * 0.39 *** 1.00        
Dim. 4 0.34 ** 0.56 *** 0.16  1.00      
Dim. 5 0.18  0.65 *** 0.25 * 0.41 *** 1.00    

EN Index 0.68 *** 0.78 *** 0.65 *** 0.66 *** 0.65 *** 1.00  
*** p≤0.001; ** p<0.01; * p<0.05 

 

                                                           
 

17 The respective questions are question 58 in the teacher questionnaire and question 24 in the student 
questionnaire, which can both be found in the annex.  



154 
 

 

5.2 Escuela Nueva implementation in Quindío 

Based on the implementation index, the first set of research questions relating to program 

implementation can be answered: To what extent is the EN model being implemented in 

Quindío’s rural schools? Does the official classification of EN schools reflect observed differences 

in the application of the model’s elements? And how different are EN classrooms from 

conventional classrooms? These questions will first be answered based on the overall 

implementation index, and then for the individual dimensions of the index. A note of caution right 

away: The final sample includes only four schools that are not officially classified as EN schools 

(and 72 that are). This, of course, limits the power of the comparisons.  

5.2.1 Overall implementation  

Table 30 shows the mean index score, standard deviation, range, standard error, and confidence 

interval first for all schools, and then separated into schools that are officially classified as EN or 

non-EN (DANE classification). The statistics are estimated using finite population correction to 

reflect that data is available for half of all rural primary schools.   First, as the first row of Table 30 

shows, while there is no school that implements 100% of the model’s elements, there is also no 

school that does not implement any of them. Instead, all schools implement between 22% and 

83% of the EN elements. This is not surprising, given that some key elements are the existence 

and use of classroom libraries, or regular contact with the parents or community – both may well 

be common practice in many schools. If the underlying population implementation index is 

normally distributed, two thirds of Quindío’s rural schools implement between 55% and 74% of 

the elements of the EN model (mean ± one standard deviation), and 95% of schools implement 

anywhere between 39% and 85% of the elements (mean ± 1.96*standard deviation). This is a 

relatively high lower bound of the score, yet it also means that barely any school is truly faithful 

to the model in its entirety.  
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Second, the first row also shows a relatively narrow error range for the estimated mean 

implementation score across all rural primary schools of the department: The estimated mean 

lies within a 95% confidence interval of 60.3% to 63.3%. The error range is even smaller for EN 

schools, but considerable larger for non-EN schools, because only four schools in the sample are 

in that latter category. A t-test shows that the difference in the means of the two groups is 

borderline significant (t=2.05, p=0.044). Thus, with regard to the overall implementation of the 

model, the conclusion is that schools that are officially classified as EN do indeed have a higher 

implementation index – though the difference in the mean index score is smaller than a standard 

deviation. 

 

 

Table 30 Estimated Implementation Index mean, standard deviation, range, standard error, and confidence interval for 
schools officially classified as EN and non-EN 

 n Mean Std. 
Dev. 

Min Max Std. Err. 
of mean 

95% Conf. 
Interval of mean 

Combined 76 61.8 11.8 22.5 83.1 0.74 60.4 63.3 
Conventional Schools 4 51.4 22.4 22.5 74.1 5.33 40.8 62.0 
Escuela Nueva Schools 72 62.4 10.9 28.7 83.1 0.70 61.0 63.8 

 

 

5.2.2 Implementation of program elements 

The left panel of Figure 28 shows how well each of the five dimensions of the model is 

implemented, according to the teacher index, student index, and overall index. Across all schools, 

the dimensions of the EN model that are implemented to the largest extent are classroom 

organization and student roles. The dimension with clearly the lowest implementation scores is 

teacher training, followed by community relations. The right side of Figure 28 shows the 
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distribution of implementation percentages for each dimension. The histograms show a wide 

spread of scores for each dimension, each with a distinct spike. The dimension implementation 

scores are far from normally distributed.  

 

 

 

Figure 28 Percentage of program implementation by dimension (according to student-, teacher-, and overall index) 
(left panel); distribution of the implementation scores by dimension (right panel) 

 

 

Figure 29 and Table 31 show that the biggest difference between EN and conventional schools 

lies in the organization of the classroom (dimension 2), where official EN schools implement 72.6% 

of the model’s elements, while conventional schools only implement 51.2% (a difference of 21 

percentage points). The second biggest difference can be found in community relations, where 

EN schools implement 57.5% of the model’s elements, while conventional schools implement only 

44.5% (a difference of 13 percentage points). In these two dimensions, the difference between 
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conventional schools and EN schools is statistically significant, while this is not the case in the 

other dimensions. 

 

 

Table 31 Percentage of average program implementation by dimension and school type  

 

 Conventional Schools Escuela Nueva Difference 
 Mean Std. Err. 95% CI Mean Std. Err. 95% CI   

D1 43.65 4.95 33.78 53.51 42.63 1.54 39.57 45.69 1.01  
D2 51.16 9.33 32.58 69.74 72.59 0.94 70.72 74.47 -21.4 * 
D3 44.51 4.74 35.07 53.96 57.48 1.27 54.96 60.01 -13.0 ** 
D4 54.39 9.34 35.79 72.99 66.69 0.71 65.27 68.11 -12.3  
D5 63.38 5.45 52.51 74.24 72.70 0.79 71.13 74.27 -9.3  

 

 

 

Figure 29 Percentage of average program implementation by dimension and school type (according to student index, 
teacher index, and overall index) 
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The conclusions based on the implementation of the individual elements of the model parallel 

those from the previous section: There is a wide range of classroom practices, which means that 

the EN model is far from being implemented homogenously. Schools that are officially classified 

as EN schools tend to implement more elements of the model, but the difference to conventional 

schools is not clear-cut – in fact, only for classroom organization and community relations is there 

a statistically significant difference in the implementation scores. This suggests that the official EN 

classifier should be seen, at best, as a “proxy” for EN implementation rather than as an objective 

identifier.  

5.3 Qualitative evidence 

The quantitative field work on EN implementation in Quindío was complemented by a qualitative 

component. Three schools with a high implementation index and four schools with a low 

implementation index were visited for additional, qualitative data collection through interviews 

and observations. The interviews were then transcribed and coded (more information on the 

process is provided in section 3.2.2). The results of the analysis are summarized here, sorted by 

indicator dimension. This is an exploratory, qualitative analysis, and the results should not be 

mistaken as a statistically representative description of EN implementation in the department. 

Rather, this section aims at providing context for the EN index, to triangulate the findings, and to 

obtain a better understanding of the range of implementation practices and the way in which the 

model is being used or not used.  

5.3.1 Teacher training and support 

The results of the quantitative analysis suggest low implementation in the dimension teacher 

training and support – a finding that is confirmed by the qualitative interviews. None of the 

younger teachers have participated in any of the week-long, topic-focused teacher training 
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workshops designed to help teachers in the correct implementation of the program. The reason 

is simple: There has not been such a workshop in the department in many years, presumably due 

to a lack of funding. EN methods are also not taught mandatorily at university in the course of 

formal teacher training, though one of the interviewed teachers reported being instructed to use 

the method in the practice semester. As a result, it seems to be the norm that young, 

unexperienced teachers arrive at their first teaching assignment, typically at a distant rural school, 

without knowing much about the model, and scrambling to deal with the reality of a multigrade 

classroom. In some municipalities, teacher support networks (micro centros) are organized 

regularly. Teachers starting their career in such municipalities reported learning about the model 

in these informal monthly meetings. Other strategies include self-instruction through books and 

teacher’s guides, and experience exchange with other teachers in the school. However, several of 

the interviewees described their first year as a teacher as a “lost year”. Thus, in light of a lack of a 

unified training program, it is little surprising that model implementation in the classrooms differs 

widely, and that not all program elements may be interpreted, understood, or used in the same 

way across the department (or country).  

In the ideal-typical EN model, teachers not only receive a specialized pre-service training, but 

career-long support through teacher micro centers and mentoring visits. According to the 

interviewed teachers, the implementation of this element varies considerably between 

municipalities. While the micro centers are active arenas of experience exchange and peer 

learning in some municipalities, they are not organized at all in others. Teachers who participate 

voiced that the gatherings are helpful. Only one teacher talked about receiving mentoring visits.  

Overall, the qualitative interviews confirm the conclusion based on the implementation index: 

The teacher training and support component of the model is poorly implemented. The qualitative 

interviews add to this finding that this seems to be a source of stress for teachers, who feel poorly 
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prepared for the context in which they are working, and as a result, at least at the beginning of 

their careers, sometimes experience the EN methodology as an additional burden rather than as 

a helpful tool set.  

5.3.2 Classroom setup  

The implementation index suggests that classroom setup is one of the better-implemented 

dimensions of the model. The dimension includes the use of multigrade teaching; the existence 

and proper use of learning corners; flexible classroom furniture; the existence and proper use of 

a classroom library; and the existence and proper use of a series of specific EN instruments, such 

as attendance self-control, a responsibility board, or a suggestion box.  

Of the schools visited for qualitative interviews, only one (which has a low implementation index 

value and many more students than the other schools) did not implement multigrade teaching. 

All other schools were much smaller, so that two or more grades are co-taught by one teacher. 

Independent of the implementation level, teachers tended to describe multigrade teaching as a 

challenge (or at best a necessity), and not as a pedagogical tool. Many voiced frustrations about 

the lack of support for teachers in multigrade schools. While the EN model tries to provide that 

support, a lack of proper training in multigrade methods in general and EN methods in particular 

reduces the potential that this support can be properly taken advantage of.  

Flexible classroom furniture was available in all schools. Two of the schools that were visited (one 

with a high index and one with a low index) do not use the specific EN furniture, trapezoid tables 

to facilitate combining the tables for group work. Though only a snapshot and not statistically 

representative, it was interesting to note that in all of the schools with a high index the tables 

were arranged for group work, while all but one of the low-index schools had arranged their tables 

in the conventional way (rows facing the front of the class).   
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All classrooms counted with a classroom library, though the interviews with teachers and students 

showed differences with regard to the available materials and usage: In this small sample, 

students in high-index schools said they use the library regularly, while students in low-index 

schools say they rarely use it. More interesting for the qualitative analysis is the way in which the 

libraries were described. One teacher, who reports making little use of the library, labelled it as 

“obsolete” due to the age of the available books. Additionally, most of the schools today dispose 

of computers or even tablets that are used as reference material instead of books. For instance, 

one teacher in a remote school in the mountains explained that the school is about to be 

connected to the Internet via satellite. In an area without landline network or stable cell phone 

coverage, this will surely provide incommensurable advantages compared to a small classroom 

library. Information on access and use of technology was not collected in the implementation 

survey, hence it is not possible to determine how such new technologies are being used compared 

to conventional classroom libraries.  

Independent of the overall implementation level, none of the interviewees reported using the 

learning corners in the way suggested by Fundación Escuela Nueva. They were described as “dust 

traps” and as taking up a lot of valuable space. That being said, one teacher described using 

materials found in and around the school as didactic materials (oranges from a tree in the yard to 

teach division, stones from the yard to teach addition, etc.), and encouraging students to bring 

materials from their homes to school when needed. Thus, while learning corners may not be 

implemented in the way they were intended, the basic idea of using didactic materials originating 

in the students’ familiar environment may be implemented in different ways.  

Finally, an EN classroom should be equipped with a range of specific instruments that help support 

the overall mission of the model. For instance, the attendance self-control is a poster or board 

openly visible in the classroom, where each student marks each day whether they are present. 



162 
 

 

This instrument is meant to teach students self-responsibility and honesty. However, even in 

some of the schools where the quantitative data suggested that the instrument is being used, 

classroom observations and probing students’ (and teachers’) answers showed some adaptations 

to that concept – for instance, students taking turns each day in marking everybody’s attendance, 

or self-reporting attendance into a little book. It is not clear to what extent these changes happen 

across the department, and at what point the core idea of the instrument is changed “too much” 

in order to still consider the instrument as being implemented. This is a recurring tension 

encountered at various occasions during the field work, and a similar story could be told about 

the other EN instruments (responsibility board, suggestion box, friendship mailboxes…): The EN 

model tries to be a flexible toolbox for teachers and to encourage them to adapt curriculum and 

teaching to the local context. However, it is not clear where the line between “local adaptation” 

and [partial] “implementation failure” should be drawn.   

5.3.3 School and community 

The third index dimension tries to capture the relationship between school, community, parents, 

and administrators. According to the student index, which only captures parental involvement, 

64% of EN elements are implemented in this dimension across the department. According to the 

teacher index, which also includes the administrative structure and community involvement, only 

52% of EN elements are implemented.  

In the small group of schools that were visited for the qualitative study, the involvement of the 

community in general and of parents in particular was generally described as more active in 

schools with a high implementation index. That being said, the forms of parental involvement 

differ widely between the schools, and are not always tied to the “ideal-typical” EN instruments. 

For instance, schools do organize festivals or events, but none of the interviewees confirmed 
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organizing a Día de Logros (Day of Achievements). Ways of community engagement include a 

parent’s school, which by law is to be organized once per term yet has varying success; health 

days where doctors visit the school so that the entire community can come see them; or school 

improvement activities, such as planting a school garden or collecting money for classroom TV 

sets.  

Other EN family engagement tools like community maps or family sheets are used to a varying 

degree as well. The traveling journal—a book that goes from family to family and everyone adds 

a story, recipe, prayer, joke, or similar contribution—is a beloved bonding tool in some schools, 

while another teacher described it as a bobada (nonsense). Even in schools where it is being used, 

the contributions seem to be sometimes added by the children themselves instead of by the 

family, which calls into question the purpose of the tool.  

EN encourages parents to participate in their children’s education through application exercises 

in the learning guides that ask children to do certain activities with their parents. The use of 

learning guides is discussed below. In this context, it is interesting to note that in the small 

qualitative sample, both teachers and students talked about the fact that parents are oftentimes 

too busy to do these exercises. Still, according to one teacher, if parents do engage in the 

activities, they are a strong tool to strengthen the relationship between parents and the school.  

Overall, the (anecdotal) impression gained through the school observations and interviews is that 

ties with families are indeed stronger in schools with a high EN index. It is, however, not clear to 

what extent that is attributable to the EN methodology.  
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5.3.4 Learning guides 

Learning guides are a central tool of the EN model. The implementation index captures the 

availability and proper use of both teacher guides and student guides, and suggests that on 

average, schools implement 66% of this component.  

Both students and teachers had a lot to say about the learning guides. All of the schools visited 

use the guides in one way or another, though the extent and way of using them varies. Some 

teachers use them in some subject areas, but not in others; others use them for some of the 

exercises but complement them extensively with other books. In the interviews, challenges and 

benefits of the learning guides emerged.  

On the positive side, learning guides were described as key to the development of self-control 

and a sense of self-responsibility. The guide books “put the students to think”, as one teacher 

described it. Because of how the guide books are structured, students have to practice not only 

their reading, but also their reading comprehension. They would not be able to independently 

carry out the exercises if they did not understand what they are being asked to do.  

The learning guides also promote group work. Students who described how their school day is 

structured spoke about coming together in groups to carry out the exercises in the learning 

guides; students describing a more lecture-based setting typically made references to additional 

materials brought in by the teacher.  

Furthermore, the learning guides are key to achieving a flexible learning environment where each 

student can work at their own pace. Teachers and students described how the guide books enable 

students who fall behind for one reason or another to catch up with their peers.  

That being said, the interviews also provided some hints that this flexibility may not always be 

achieved in practice. First, availability of materials is a challenge. In many schools, two or even 
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three or four students share one learning guide, which makes it much harder if not impossible for 

each student to work at their own pace. Second, both teachers and students reported that the 

aim is usually to have all students in one grade (or even in different grades) work on the same 

topic at the same time. This can promote collaborative social skills and the concept of taking 

responsibility for each other when students who learn faster help students who learn slower to 

understand the material, so everyone can move at the same pace. However, there is a clear 

tension with the concept of self-paced learning. The reason for trying to have all students work at 

the same pace is also a practical one. In the words of one teacher, one “would have to turn into a 

wizard” (volverse un mago) in order to fully implement the concept of self-paced learning—it is 

hard enough to work with several grade levels at the same time, without also having to promote 

internal differentiation within each grade level.  

Another challenge to the proper use of learning guides is the availability of up-to-date materials. 

Learning guides are often many years old and thus outdated. Some of the guides were described 

as too complex for the population they are designed for. For instance, one teacher said it was 

impossible to use the early-grade learning guides in Spanish, because the students lacked the 

required reading skills. Another teacher found the social sciences learning guides to be too dry 

and too full of long, complicated, and boring texts that could not engage the students. While these 

are only anecdotes, they show the range of challenges that teachers experience.  

Overall, learning guides were both described as an EN element that works well, and as a source 

of challenges. In either case, though, the teachers shared how they adapt and complement the 

guides using materials they see as appropriate for the classroom, which in general terms is the 

role of the teacher that the EN model wants to promote. Again, the open question is where 

adaptation within the EN model ends.  
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5.3.5 Roles of students 

The last dimension of the implementation index is the special role that the EN model assigns to 

students: The model wants to promote active, student-centered learning and gives students 

responsibility not just for their own learning, but also for their classrooms and schools. The 

quantitative analysis suggests that besides classroom organization, this is the dimension with the 

highest implementation percentage: Across schools, more than 72% of the model’s elements in 

this dimension are being implemented.  

Some of the aspects related to the roles of students have already been discussed above in 

different contexts (such as the use of group work). The brief discussion here will focus on other 

aspects of student-centered education and on school democracy and student governments.  

Flexible promotion is an interesting element of the EN model in that it is a strategy to respond to 

a very real and common problem: School drop-out is known to be linked to grade repetition, 

which is a common practice around the world despite being remarkably inefficient. EN’s response 

is to abolish grade repetition and instead promote students on a flexible schedule, that is, to make 

them graduate from one grade to the next in a given subject area whenever they fulfill all the 

requirements, regardless of the time in the academic year. The qualitative interviews suggested 

that this concept is not being adopted widely, and it is generally seen as impractical or even 

detrimental. First, as one teacher explained, there is an inherent contradiction in the school 

system: The Secretary of Education requires paperwork at the end of every school year 

documenting which students passed and which students failed; this is not compatible with the 

flexible, student- and subject-depending system of EN. Second, at least some teachers seem to 

perceive flexible promotion as detrimental to a student’s academic career. One teacher described 

how this system covers up a student’s lack of academic performance, which may lead to even 
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larger problems later in the academic career. Another teacher said that students’ parents would 

not accept not knowing whether or not their child passed a grade at the end of a year.18 A third, 

practical problem is that different grades may be taught by different teachers. Several of the 

schools visited have two multigrade classrooms, each one combining two or more grades. In this 

setting, it is not clear how flexible promotion can work if, for instance, the grade 3 teacher is 

different from the grade 4 teacher and a student has passed the requirements of grade 3 in some 

subjects but not in others. Lastly, there is the problem that was already discussed above, that 

teachers feel overwhelmed teaching students in the same grade different content depending on 

how far along in the learning process they are. Only one of the interviewed teachers reported 

using the system and seeing it as appropriate for the context, though it was not clear how the 

school was dealing with the outlined practical problems.  

The last important element is school democracy, promoted, among other techniques, through 

student governments and committees. All of the schools visited had a student government of 

some sort, though the way in which it was set up and worked differed. The institutions seem to 

be mostly formalities in some schools, where meetings and activities are rare or only held if called 

for by teachers or by students from higher grades (lower secondary, in schools with both levels). 

In other schools, students talked about how the conflict-solving committee helps to break up 

quarrels between students, how the red cross committee helps if a student injures herself, or how 

the learning guide committee makes sure that the learning guides are available when needed and 

                                                           
 

18 As with many of the views gathered in the qualitative studies, whether or not this is actually the case is 
an empirical question that needs more focused research – the important message in this context is the 
reluctance of teachers to implement the method based on its perceived shortcomings. 
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otherwise properly stowed away. Thus, as in the other EN elements discussed above, the depth 

of implementation varied widely among schools that all formally implemented the elements.  

5.3.6 Lessons learned 

The qualitative interviews and school observations gave some deeper insight into the working of 

the model in the field. There are three central insights. First, there is the confirmation of the 

quantitative finding that EN implementation varies widely, not only among schools, but also 

among the different dimensions of the model within the same school.  

Second, the qualitative data suggests a wide range of working definitions for some of the model’s 

key elements. For one thing, that explains why the official self-definition of whether or not a 

school is an EN is not coherent. Another implication is that once not just the “if” but also the 

“how” and “why” of program implementation are considered, the distinction between EN schools 

and conventional schools becomes even fuzzier.  

And third, the interviews gave some indirect insight into the driving factors for model 

implementation. Not surprisingly, the role of the teacher appears crucial: Whatever the political 

guidelines or practical limitations, the person who determines in the end what happens in the 

classroom is the teacher. If a teacher is, for instance, not convinced that classroom committees 

are serving their purpose, they will not be used in the proper way. That being said, the interviews 

also showed the importance of external (political) support. Providing a sufficient number of 

learning guides is essential for implementing the model as intended, yet it lies outside of the 

teacher’s power to secure that. In the same way, teachers showed creativity in learning about the 

EN model even without a full series of targeted teacher workshops, yet it is possible that the 

model’s elements would be understood and used in a different (hopefully, better) way if these 

workshops did exist as intended.  
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5.4 Discussion 

Together, the evidence collected in the quantitative and the qualitative analysis helps to answer 

the research questions about program implementation.  

The first two research hypotheses stated that EN model implementation is incomplete and 

irregular. These hypotheses are supported both by the quantitative and by the qualitative data: 

None of the schools in the sample implements over 90% of the model’s elements, and the average 

school implements just over 60%. Implementation is irregular in the sense that schools may 

implement one dimension of the model with a high level of accuracy, while making many changes 

to other aspects of the model.  

The data also supports the claim that there are major differences between the official 

classification and the actual degree of program implementation. Within each of the official groups 

(EN or not), the variance in observed implementation scores is very large. The range in the 

percentage of program implementation for official EN schools goes from 29% to 81%; the range 

for conventional schools goes from 23% to 74%. Thus, the official classifier is a poor predictor for 

classroom practices. While there is some correlation between being officially classified as EN and 

the program implementation index score, the difference is not large, and significant only for the 

overall index and two of the four model dimensions. Therefore, the official classification is a very 

rough approximation of actual classroom practices.  

Finally, the third alternative hypothesis stated that decisions about program implementation are 

taken mostly on political grounds, and that actual on-the-ground implementation is driven mostly 

by individual teachers. The field work did not provide enough data for the first part of the 

hypothesis, but the analysis provides preliminary support for the second part. Teachers seem to 

have considerable leeway in the way that they structure their classes, and they decide which of 
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the model’s elements to use based on what they see as fitting for their classes. However, more 

research is necessary in order to provide sufficient evidence to come to a conclusion regarding 

this last part of the hypothesis.  

The evidence collected in this chapter will be used in the next chapter to answer the second set 

of research questions with regard to program outcomes. 
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6 Department-Level Analysis of Learning Outcomes 

Chapter 4 analyzed learning outcomes in Colombia using the official Escuela Nueva classifier and 

concluded that the EN model indeed helps students improve their test scores. Chapter 5, 

however, showed that this official EN classifier does not reflect the reality of actual classroom 

practices very well: Schools officially classified as EN or as non-EN may be much closer in the 

methods they apply than what the dichotomous variable would suggest. Hence, the question 

arises whether the strong effect of the EN model on learning outcomes persists when using the 

EN implementation index instead of the official classifier to identify EN schools. Though it would 

be ideal to carry out that analysis for the country in its entirety, the analysis has to be confined to 

the small department of Quindío due to data constraints. Data for this is available for a total of 

1,068 students (506 3rd graders, 562 5th graders) in 76 schools.19  

Studying the effect of the EN model on learning outcomes in a small department has advantages 

and disadvantages. On the positive side is the fact that a statistically representative sample is 

easier obtained, and that there may be less heterogeneity in the data than in a larger department 

(due to, say, cultural differences within the department). On the negative side, the smaller sample 

also means less statistical power and limitations in the types of analysis that can be done. To 

illustrate the reduced statistical power, Table 32 shows the results of estimating the random 

intercept model RI3 from the country-level study based solely on data from Quindío (the random 

                                                           
 

19 Data from two schools could not be matched with the DANE database (see section 4 of Annex A).  
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coefficient models could not converge or produce standard errors for the random effects). 

Although the effect of EN was estimated to be above-average in Quindío (see page 143), when 

restricting the sample to Quindío, the EN effect becomes non-significant – as do most other 

effects. Many variables also have to be omitted due to a lack of variance.  Furthermore, the last 

part of the table suggests a lack of between-municipality variance. All of this does not necessarily 

indicate a lack of a positive effect of the EN model (or, for that matter, most other variables) in 

Quindío, but it does mean that changes to the modeling and estimation strategy will be necessary.  

The rest of the chapter is structured as follows. In section 6.1, an exploratory data analysis 

provides descriptive statistics for outcome and control variables used in the department-level 

analysis and provides some first insights into how the variables are correlated. Next, an analysis 

of variance decomposes the total variance in learning outcomes into student-, school-, and 

municipality effects (section 6.2). Section 6.3 develops a multilevel model based on these findings, 

but concludes that the noise in the data limits the conclusions that can be drawn from the analysis; 

only some indicators, but not the EN implementation index, have significant coefficients. Section 

6.4 offers an alternative approach to analyze the available data through survey data analysis, and 

suggests that schools that implement more parts of the EN model do have better learning 

outcomes on average. Section 6.5 discusses the results and concludes.  

6.1 Exploratory data analysis 

This section provides descriptive statistics and an exploratory analysis of outcome and predictor 

variables for the department-level study. Unless otherwise stated, all statistics are based on the 

sample of observations with non-missing values in the respective exam score, gender, 

socioeconomic level, and EN implementation index, as these are the main variables of interest 

that will be included in all models.   
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Table 32 Results of Model RI3, based on Quindío sample 

 Language  
Grade 3 

Language  
Grade 5 

Mathematics  
Grade 3 

Mathematics  
Grade 5 

Civic Competencies  
Grade 5 

n (students) 245 369 246 312 371 
j (schools) 65 71 62 59 74 
m (municipality) 10 10 10 10 10 
Fixed part: 
Escuela Nueva 1.32  (101.49) 26.65  (79.16) 71.22  (160.71) 25.13  (90.22) 13.66  (84.36) 
Male -1.75  (12.41) -42.23 *** (11.56) 0.24  (13.97) -13.91  (12.82) -34.77 ** (11.57) 
EN*Male -21.03  (16.88) 19.28  (14.68) 6.05  (20.08) 28.89  (14.93) -1.59  (14.14) 
Rural (omitted) (omitted) (omitted) (omitted) (omitted) 
Private (omitted) (omitted) (omitted) (omitted) (omitted) 
Socioeconomic level 5.06  (54.49) 28.18  (41.11) 36.40  (86.81) 14.12  (52.64) 46.50  (44.96) 
EN*Socioeconomic level -6.58  (58.67) -10.17  (45.11) -19.95  (92.18) -14.89  (56.67) -9.46  (48.73) 
w/ ethnic students -28.13  (26.37) -32.92  (21.52) 15.32  (40.79) -16.90  (25.78) -40.69  (21.19) 
w/ conflict victims -24.76  (15.81) -11.42  (13.05) 13.56  (22.63) -44.02 ** (14.42) -15.33  (13.08) 
Morning (base) (omitted) (base) (omitted) (omitted) 
Afternoon  -24.30  (29.77) (omitted) -6.30  (29.01) (omitted) (omitted) 
Governance 0.64  (1.73) -0.63  (1.73) 1.50  (2.55) -1.74  (1.69) -0.51  (1.47) 
Grand mean 332.87 *** (100.71) 287.41  (78.76) 214.97 *** (160.06) 296.01 ** (89.00) 298.20 *** (83.64) 
Random part (sd): 
Municipality-level  0.000 (0.000) 0.91 (6.72) 0.000 (0.000) 0.000 (0.003) 0.000 (.) 
School-level 39.84 (9.16) 28.81 (10.57) 66.26 (10.91) 35.47 (7.90) 32.59 (6.78) 
Student-level  56.01 (3.42) 66.48 (2.84) 61.40 (3.91) 56.20 (3.64) 60.05 (2.72) 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05 
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6.1.1 Plausible value outcomes 

Table 33 shows summary statistics for exam scores in language, mathematics, and civic 

competencies, both for the individual plausible values and for the imputed estimate. In each grade 

and area, estimated mean and standard deviations are relatively similar in the aggregate, though 

the estimates based on the individual plausible values differ more from each other than was the 

case in the country-level study.  

 

 

Table 33 Exploratory Data Analysis: Plausible values in department-level study 

 Language Mathematics Civic 
Competencies 

 Grade 3 Grade 5 Grade 3 Grade5  Grade 5 
 mean sd mean sd mean sd mean sd mean sd 

PV1 292.25 68.88 297.35 75.50 297.88 87.56 283.20 70.16 304.96 74.02 
PV2 296.54 73.34 300.61 77.93 296.41 85.56 278.97 70.83 307.13 74.73 
PV3 292.92 70.69 298.68 77.26 298.39 84.28 281.51 71.41 306.92 73.41 
PV4 295.90 69.32 297.41 76.11 298.53 86.66 279.63 68.75 305.75 77.27 
PV5 293.65 67.46 299.21 77.51 297.31 85.48 280.14 70.76 306.01 75.15 
Imputed 294.25 69.80 298.66 76.76 297.70 85.74 280.69 70.27 306.15 74.82 
           
Skewness* 0.38 0.14 0.45 0.57 0.38 
Kurtosis* 3.06 2.68 2.95 3.34 2.88 
N 252 376 254 318 378 

* These statistics are provided exemplarily for plausible value 1.  
 

 

The difference in the individual mean estimates is still small compared to the average within-

person standard deviation of the five plausible values (which lies between 22.5 and 27.7, 

depending on the area and grade). The table also shows that the sample is smaller than the 

country-level sample by many orders: Data is available only from between 252 and 378 students 

in each area-grade combination.  
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The distribution of scores for the different plausible values is shown for the case of language exam 

scores in Figure 30 below. Because of the small sample size, the distribution is less smooth than 

for the country-sample. The histograms still show an approximate normal distribution, especially 

when aggregating across the individual plausible values. The picture is similar for mathematics 

and civic competencies.  

 

 

 

Figure 30 Histograms of Plausible Values in the sample for language exam scores, grade 3 (left) and grade 5 (right) 
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6.1.2 Predictors 

Table 34 through Table 38 show the mean and standard deviation of the language, mathematics, 

and civic competencies scores for the different levels of explanatory variables, together with the 

percentage of students belonging to each category. The table also includes standard errors of the 

mean estimates to better assess the differences between the different categories (the standard 

errors are calculated using a finite population correction factor).   

The tables suggest that students in EN schools have, on average, higher exam scores, and that 

students in schools with a high implementation index also score highest. However, the correlation 

between exam score and implementation index seems far from linear, with students in the 

second-lowest implementation quartile generally scoring higher than students in the third 

quartile. The correlation between gender and exam scores as well as between socioeconomic 

level and exam scores differs between the grades and testing areas, and is in most cases what is 

to be expected, though the relationship with socioeconomic level is also non-linear. Figure 31 

through Figure 34 visualize the mean scores and standard deviations for these categories of the 

four key variables (EN, EN index, gender, and socioeconomic level). 

Furthermore, the table suggests that some of the variables that were hypothesized to influence 

learning outcomes—and are thus used as control variables in the country-level study—have little 

systematic correlation at the level of the department of Quindío, among them homicides, 

governance, or education expenditure. Finally, there is barely any variance in the session type of 

Quindío’s sampled primary schools (most of them are on a morning schedule).  

Everything put together, the data indicates that the department-level model will look different 

than the country-level model, with some of the hypothesized explanatory variables potentially 



177 
 

 

doing little to decrease unexplained variance. Additionally, the mean estimates are much less 

precise, which means that finding statistically significant regression coefficients is less likely.  

 

 

Table 34 Exploratory Data Analysis for department-level study, Language Grade 3 

Statistics presented at student-level % Mean Std. Err. Std.Dev. 
Level-one Variables (Student-level, n = 252 students) 
Male Male 55.56 285.82 5.60 68.03 

Female 44.44 304.80 6.35 70.49 
Level-two Variables (School-level, j =66 schools) 
EN School (Official) EN school 58.73 300.20 5.47 72.24 

Non-EN school 41.27 285.79 9.77 65.21 
Implementation 
Index 

Lowest quartile (Q1) 25.4 286.46 11.16 68.56 
Q2 26.19 315.68 8.96 76.08 
Q3 39.68 278.23 5.68 61.22 
Highest quartile (Q4) 8.73 325.48 11.65 62.09 

Session type Complete day --  --  -- -- 
Morning 96.73 293.89 5.71 70.22 
Afternoon 3.27 261.02 . 35.27 

Socioeconomic 
level 

NSE 1 10.71 304.48 10.08 77.34 
NSE 2 55.16 295.58 5.61 69.99 
NSE 3 31.35 283.97 12.35 64.80 
NSE 4 2.78 344.49 . 54.61 

Ethnic population With ethnic students 38.89 268.36 3.92 58.79 
Without ethnic students 61.11 310.73 5.14 71.20 

Victims of conflict Has conflict victim students 78.17 287.02 6.06 68.39 
Has no conflict victim students 21.83 320.15 6.97 68.48 

Level-three variables (municipality-level, m = 10 municipalities) 
Homicide rate Lowest quartile (Q1) 29.76 282.66 7.37 66.38 

Q2 46.03 288.30 8.74 64.95 
Q3 --  --  -- -- 
Highest quartile (Q4) 24.21 319.84 8.80 75.79 

Governance index Lowest quartile (Q1) 30.95 303.50 5.51 65.20 
Q2 53.57 282.81 7.30 65.81 
Q3 --  --  -- -- 
Highest quartile (Q4) 15.48 315.36 12.89 82.80 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 27.20 293.15 8.45 72.02 
Q2 24.27 303.33 9.22 72.69 
Q3 48.54 288.30 8.74 64.95 
Highest quartile (Q4) --  --  -- -- 

* Data for this variable is only available for n=239 in j= 60, and m= 9.  
“.” Indicates that no standard error could be computed (data available from one cluster only) 
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Table 35 Exploratory Data Analysis for department-level study, Language Grade 5 

Statistics presented at student-level  % Mean Std.Err Std.Dev. 
Level-one Variables (Student-level, n = 376 students) 
Male Male 47.87 284.40 6.13 75.45 

Female 52.13 311.75 5.14 75.56 
Level-two Variables (School-level, j = 72 schools) 
EN School (Official) EN school 60.64 312.23 4.04 74.54 

Non-EN school 39.36 277.75 6.50 75.36 
Implementation 
Index 

Lowest quartile (Q1) 25.2 295.35 8.92 76.44 
Q2 24.8 316.16 5.70 73.29 
Q3 37.01 279.23 5.00 74.50 
Highest quartile (Q4) 12.99 336.89 10.73 69.68 

Session type Complete day --  --  --  -- 
Morning 100.00 297.18 4.86 76.16 
Afternoon --  --  --  -- 

Socioeconomic 
level 

NSE 1 10.11 295.05 10.04 73.71 
NSE 2 56.12 308.22 5.56 75.16 
NSE 3 31.91 278.45 5.87 74.81 
NSE 4 1.86 376.35 . 66.26 

Ethnic population With ethnic students 37.50 270.50 4.31 66.23 
Without ethnic students 62.50 315.55 3.71 77.66 

Victims of conflict Has conflict victim students 78.99 292.40 5.31 76.33 
Has no conflict victim students 21.01 322.18 5.93 73.61 

Level-three variables (municipality-level, m = 10 municipalities) 
Homicide rate Lowest quartile (Q1) 25.53 314.32 5.91 71.25 

Q2 51.06 282.50 5.35 74.38 
Q3 --  --  -- -- 
Highest quartile (Q4) 23.40 316.81 6.80 79.82 

Governance index Lowest quartile (Q1) 25.27 313.14 7.03 75.53 
Q2 61.17 289.11 5.84 76.71 
Q3 --  --  -- -- 
Highest quartile (Q4) 13.56 314.73 8.40 71.84 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 33.15 307.55 6.08 76.51 
Q2 20.06 329.78 6.64 71.79 
Q3 46.80 277.99 5.46 73.69 
Highest quartile (Q4) --  --  -- -- 

* Data for this variable is only available for n= 359 in j=76, and m=9.  
“.” Indicates that no standard error could be computed (data available from one cluster only)  
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Table 36 Exploratory Data Analysis for department-level study, Mathematics Grade 3 

Statistics presented at student-level % Mean Std.Err. Std.Dev. 
Level-one Variables (Student-level, n = 254 students) 
Male Male 61.81 299.63 7.89 86.40 

Female 39.19 294.59 9.19 84.50 
Level-two Variables (School-level, j = 63 schools) 
EN School (Official) EN school 59.45 307.29 5.64 86.91 

Non-EN school 40.55 283.65 17.08 81.92 
Implementation 
Index 

Lowest quartile (Q1) 25.53 307.44 13.71 72.21 
Q2 25.27 312.73 8.84 91.18 
Q3 38.83 261.08 6.62 78.72 
Highest quartile (Q4) 10.37 354.45 12.76 72.18 

Session type Complete day --  --  -- -- 
Morning 96.34 296.26 8.27 86.58 
Afternoon 3.66 278.00 . 278.00 

Socioeconomic 
level 

NSE 1 10.24 300.94 14.61 92.53 
NSE 2 56.69 303.98 5.55 81.29 
NSE 3 29.92 277.87 21.95 87.72 
NSE 4 3.15 362.52 . 67.33 

Ethnic population With ethnic students 36.61 261.91 7.20 72.25 
Without ethnic students 63.39 318.38 5.95 86.05 

Victims of conflict Has conflict victim students 81.10 294.23 9.34 84.33 
Has no conflict victim students 18.90 312.61 9.42 89.89 

Level-three variables (municipality-level, m = 10 municipalities) 
Homicide rate Lowest quartile (Q1) 29.53 295.39 8.08 77.25 

Q2 44.09 282.10 14.14 79.64 
Q3 3.54 290.31 24.79 104.35 
Highest quartile (Q4) 22.83 331.98 9.13 93.96 

Governance index Lowest quartile (Q1) 27.95 305.55 6.50 77.92 
Q2 57.48 282.24 10.83 78.42 
Q3 --  --  -- -- 
Highest quartile (Q4) 14.57 343.64 14.72 106.41 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 26.64 292.46 9.16 86.96 
Q2 27.46 325.36 8.47 82.92 
Q3 45.90 282.10 14.14 79.64 
Highest quartile (Q4) --  --  -- -- 

* Data for this variable is only available for n=244 in j=59, and m=9.  
“.” Indicates that no standard error could be computed (data available from one cluster only) 
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Table 37 Exploratory Data Analysis for department-level study, Mathematics Grade 5 

Statistics presented at student-level % Mean Std.Err. Std.Dev. 
Level-one Variables (Student-level, n = 318 students) 
Male Male 48.74 284.74 7.40 74.88 

Female 51.26 276.84 5.37 65.29 
Level-two Variables (School-level, j = 60 schools) 
EN School (Official) EN school 63.84 294.83 4.70 71.72 

Non-EN school 36.16 255.72 5.04 59.88 
Implementation 
Index 

Lowest quartile (Q1) 26.1 271.74 6.62 62.96 
Q2 24.53 300.93 8.49 82.07 
Q3 39.94 266.52 6.50 61.95 
Highest quartile (Q4) 9.43 312.83 11.80 66.26 

Session type Complete day --  --  --  -- 
Morning 100.00 279.13 5.43 69.51 
Afternoon --  --  --  -- 

Socioeconomic 
level 

NSE 1 12.26 312.07 9.30 82.03 
NSE 2 57.86 284.99 5.31 68.74 
NSE 3 27.99 252.59 . 54.38 
NSE 4 1.89 361.58 . 58.25 

Ethnic population With ethnic students 42.14 254.45 2.50 54.61 
Without ethnic students 57.86 299.80 5.42 74.09 

Victims of conflict Has conflict victim students 79.25 268.05 4.66 63.50 
Has no conflict victim students 20.75 328.96 6.89 73.77 

Level-three variables (municipality-level, m = 10 municipalities) 
Homicide rate Lowest quartile (Q1) 26.1 301.67 7.52 73.75 

Q2 48.74 257.18 3.43 57.48 
Q3 3.77 298.66 17.74 63.58 
Highest quartile (Q4) 21.38 305.49 8.11 75.51 

Governance index Lowest quartile (Q1) 27.99 308.42 6.96 73.15 
Q2 57.86 263.27 4.73 62.06 
Q3 --  --  -- -- 
Highest quartile (Q4) 14.15 297.06 9.44 74.02 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 25.97 297.44 7.11 72.15 
Q2 31.17 303.15 6.15 69.16 
Q3 42.86 253.81 3.25 57.35 
Highest quartile (Q4) --  --  -- -- 

* Data for this variable is only available for n=308 in j=56, and m=9.  
“.” Indicates that no standard error could be computed (data available from one cluster only) 
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Table 38 Exploratory Data Analysis for department-level study, Civic Competencies Grade 5 

Statistics presented at student-level  % Mean Std.Err. Std.Dev. 
Level-one Variables (Student-level, n = 378 students) 
Male Male 49.74 290.30 7.97 73.96 

Female 50.26 321.84 4.96 72.29 
Level-two Variables (School-level, j = 75 schools) 
EN School (Official) EN school 62.43 311.33 3.99 73.37 

Non-EN school 37.57 297.55 14.12 76.36 
Implementation 
Index 

Lowest quartile (Q1) 25.13 316.72 14.76 83.89 
Q2 26.19 316.31 6.30 73.62 
Q3 37.3 282.59 4.15 65.00 
Highest quartile (Q4) 11.38 336.69 7.69 63.52 

Session type Complete day --  --  --  -- 
Morning 100.00 305.28 5.86 74.67 
Afternoon --  --  --  -- 

Socioeconomic 
level 

NSE 1 10.58 289.19 8.62 66.55 
NSE 2 56.88 310.68 5.00 73.69 
NSE 3 30.69 300.83 18.64 77.86 
NSE 4 1.85 352.38 . 66.69 

Ethnic population With ethnic students 36.77 275.24 2.69 62.16 
Without ethnic students 63.23 324.13 5.12 75.66 

Victims of conflict Has conflict victim students 78.57 300.80 6.79 74.68 
Has no conflict victim students 21.43 325.78 5.02 71.98 

Level-three variables (municipality-level, m = 10 municipalities) 
Homicide rate Lowest quartile (Q1) 26.19 312.96 5.18 67.17 

Q2 49.21 297.36 10.08 74.43 
Q3 --  --  -- -- 
Highest quartile (Q4) 24.60 316.50 6.29 80.90 

Governance index Lowest quartile (Q1) 25.93 308.38 5.31 67.97 
Q2 60.05 304.57 9.28 77.60 
Q3 --  --  -- -- 
Highest quartile (Q4) 14.02 308.80 9.68 74.40 

Educ. expenditure 
per student, 
municipal-level 
data*  

Lowest quartile (Q1) 25.69 309.48 8.19 85.05 
Q2 29.83 308.31 5.41 67.50 
Q3 44.48 299.01 11.78 73.17 
Highest quartile (Q4) --  --  -- -- 

* Data for this variable is only available for n= 362 in j=69, and m=9.  
“.” Indicates that no standard error could be computed (data available from one cluster only) 
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Figure 31 Exploratory Data Analysis: Mean test scores by school type (department-level study) 

 

 
Figure 32 Exploratory Data Analysis: Mean test scores by implementation index quartile (department-level study) 
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Figure 33 Exploratory Data Analysis: Mean test scores by gender (department-level study) 

 

 
Figure 34 Exploratory Data Analysis: Mean test scores by socioeconomic level (department-level study) 
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6.1.2.1 School-level 

In order to assess the need for a multilevel model, the variation of exam scores within and 

between schools needs to be analyzed. A multilevel model is likely to be called for if exam scores 

cluster around distinct school-level means. Figure 35 helps to assess this for the case of grade 3 

language scores by plotting school-level mean scores and the associated spread in school-level 

scores for all schools. The schools are ranked by the school-level mean. Clearly, school mean 

scores differ widely between schools, ranging from under 200 to up to 500. Additionally, the graph 

suggests that the variation of scores within schools differs as well, with some schools producing 

much more homogenous outcomes than others. The difference in means indicates the need for 

school-specific intercepts, while the difference in the range of student-level results between 

schools indicates that student-level errors may be heteroskedastic. The picture looks similar for 

other grades and testing areas.  

Differences in the mean of the outcome variable between schools indicates the need for school-

level random intercepts, but differences in control variables between schools are equally 

important. If the correlation between student-level control variables and learning outcomes 

differs across schools, slope estimates might differ across schools, which would suggest the need 

for random coefficients. Figure 36 plots the school-level mean grade 3 reading scores by gender 

for all plausible values. Lines connect school means, so that each line represents the estimated 

difference between boys and girls for one school. The vertical spread of the lines again shows that 

mean reading scores differ between schools, as was noted above. Additionally, it seems from the 

graph that the effect of gender differs widely between schools – in some schools, girls outperform 

boys, while in others, boys outperform girls. Unless these differences across schools can be 

explained by the available control variables (including an interaction with the implementation 

index), it may thus be interesting to check for random school-level gender coefficients. 
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Figure 35 Variation in student-level reading scores, ranked by school-mean of reading scores, for all grade 3 plausible 
values (department-level study) 

 

Figure 36 Mean grade 3 language test score by gender, for all plausible values. Lines are connecting school means 
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6.1.2.2 Municipality-level 

The last exercise in this context is to assess differences across municipalities: Do students differ 

between municipalities? Do explanatory variables differ across municipalities, both with regard 

to their mean, and with regard to their correlation with the outcome variable? 

Figure 37 plots the average school mean exam scores and school mean spreads for the ten 

municipalities in the study, ranked by the average school mean score, for all grades and areas. 

There clearly is variation between the municipalities, both with regards to the mean scores and 

with regard to the spread. Random municipality-level intercepts may thus be necessary. Given 

the small sample, however, it is not clear whether the differences between the municipalities are 

indeed statistically significant.  

Figure 38 shows how lower-level predictors and municipality-level mean test scores are 

correlated, for the case of language grade 3 scores (results for other grades and areas are 

qualitatively similar). There are a few important insights to be gained from the plots. The first 

thing that strikes the eye is the small number of lines in some of the plots – in particular, no lines 

at all for session types, and only one line for the official EN classifier. The reason is that within 

most municipalities, there is no variation in these indicators – which is why the within-municipality 

effect of the given variable cannot be calculated. This is an indication for the limitations of the 

data with respect to the research question at hand.  

Second, when there is within-municipality variation for most (or all 10) municipalities, the graphs 

indicate differences between the municipalities, both in the average exam scores, and in the 

slopes. For instance, in some municipalities, boys seem to be scoring higher on average, while in 

others, girls appear to score higher.  
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Third, the effect of the EN implementation index remains unclear from the plots; though, it seems 

to be the case that average exam scores are highest for children who are in schools in the highest 

quartile of the implementation index, which is what the research hypothesis predicts. However, 

the picture is far from clear, with some municipality-lines rising and some municipality-lines falling 

when moving from the lower to the highest implementation quartile. This may be an indication 

of different effects across municipalities – though, again, the sample may well be too small for 

statistically significant effects.  

Overall, the plots suggest some differences between municipalities, but also some challenges in 

modeling these differences. Whether or not a municipality-level should be included thus has to 

be tested formally, which will be done in the next section.  
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Figure 37 Variation in school-mean exam scores, ranked by municipality mean of school-mean scores, for plausible value 
1 of all grades and areas (department-level study) 

 

Figure 38 Municipality mean grade 3 language test scores by levels of lower-level predictor, for plausible value 1. Lines 
are connecting municipality means (department-level study) 
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6.2 The null model (ANOVA) 

An analysis of variance (ANOVA, null-model, or variance component model) helps to understand 

the main drivers of differences in exam scores at the department-level: What share of the variance 

in test scores can be explained by differences between students, schools, and municipalities, 

respectively? The variance component model is calculated for all grades and test scores and helps 

to determine at which levels, if any, the variance calls for a random intercept. 

 

6.2.1 Two-level analysis 

The ANOVA model for the initial two-level case is defined as:  

௜௝݁ݎ݋ܿݏ  = ௝ߚ  + ௜௝ߝ    

Where:  ߚ௝ = ߚ +  ௝ߞ

So that  ߦ௜௝ = ௝ߞ  + ௜௝ߝ  . 
This model describes that the test score of student ݅ in school ݆ is composed of the school mean, ߚ௝, and a random student-level error, ߝ௜௝. The school-level mean, ߚ௝, is itself composed of the 

grand mean, ߚ, and a school-level random error term, ߞ௝. (For better readability, the model does 

not include superscripts for grade or testing area). A different way to look at this model is to define 

the test score of student ݅  in school ݆ as the grand mean, ߚ, and a composite error term, ߦ௜௝, which 

consists of the school-level error, ߞ௝, and the student-level error, ߝ௜௝. 

Furthermore, an intraclass correlation-coefficient (ICC), ߩ, is calculated to determine the 

percentage of the overall variance that is due to school-level effects. The ICC is defined as  
ߩ =  ߰߰ +  ߠ
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where ߰ is the variance of the school-level error term ߞ௝, and ߠ is the variance of the student-

level error term ߝ௜௝.  

The results of the ANOVA model are presented in Table 39. The table shows the number of 

observations for each model (between 252 and 378 students) and the number of clusters 

(between 60 and 75 schools). The fixed part of the model gives an estimate of the grand mean 

test score for each grade and area. These grand mean estimates are higher for each grade and 

testing area than the national estimates (see Table 11 on page 102), though the standard errors 

of the estimations are relatively high. The random part shows the estimated standard deviations 

at the school-level (ඥ߰) and at the student-level (√ߠ). For each grade and testing area, except for 

3rd grade mathematics, the student-level variance is larger than the school-level variance. This 

means that in all areas except that one, student-level characteristics are more important than 

school-level characteristics for the explanation of differences in exam scores. This is true 

particularly for the case of 5th grade language exam scores, where only 23% of overall variance is 

due to differences between schools. These results mirror the variance components results of the 

country-level study and again confirm results from previous studies (Casassus et al. 2000; Rangel 

and Lleras 2010; Baron 2012; Zambrano Jurado 2013). 

The last row of the table presents the results of the likelihood-ratio tests which test the null 

hypothesis ܪ଴: ߰ = 0 against the hypothesis ܪ௔: ߰ > 0, i.e. which test whether the variance at 

the school-level is zero, and no multilevel-model is necessary. In all cases, the null hypothesis of 

zero variance can clearly be rejected. The conclusion thus is that a multilevel model is necessary. 
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Table 39 Two-level variance component models, department-level analysis 

 Language,  
3rd grade 

Language,  
5th grade 

Math,  
3rd grade 

Math,  
5th grade 

Civics,  
5th grade 

n (students) 252 376 254 318 378 
j (schools) 66 72 63 60 75 
Fixed part:      

Grand mean 304.63 (7.54) 308.60 (6.78) 311.94 (10.09) 302.21 (7.85) 314.51 (6.44) 
Random part (sd):      

School-level  42.72 (7.79) 36.88 (6.78) 66.73 (10.10) 47.23 (7.12) 39.11 (6.09) 
Student-level  56.92 (3.39) 68.33 (2.87) 62.11 (3.84) 56.31 (3.33) 62.60 (2.74) 

ICC (schools) 0.36 0.23 0.54 0.41 0.28 
LR ࣑૛ 36.93 34.48 93.18 72.53 69.47 
p-value (LR ࣑૛) 0.00 0.00 0.00 0.00 0.00 

Standard errors in parenthesis. 
 

 

6.2.2 Three-level analysis 

Schools are nested within municipalities, which in the country-level analysis turned out to be an 

important level of analysis. The question of interest is whether the same holds true for the 

department-level analysis. The ANOVA model is extended by a municipality-level to 

௜௝௠݁ݎ݋ܿݏ = ௝௠ߚ  +  ௜௝௠ߝ

Where:      ߚ௝௠ = ௠ߚ +  ௝௠ߞ

and:      ߚ௠ = ߚ +  ௠ߞ

So that      ߦ௜௝௠ = ௠ߞ  + ௝௠ߞ +  . ௜௝௠ߝ
In this model, ߚ௝௠ is the school mean, which is composed of the municipality-level mean ߚ௠ and 

a school-level error term ߞ௝௠. The municipality-level mean is it composed of the grand mean ߚ 

and a municipality-level error ߞ௠. Together with the student-level error ߝ௜௝௠, the error terms add 

up to the total error ߦ௜௝௠.  
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Table 40 shows the estimation results for this model. The observations for all grades and errors 

are now grouped into the 10 municipality-clusters. The decomposition of the error term shows 

that the standard deviation of the municipality-level error term, ඥ߰(ଷ), is estimated as zero for 

three of the models, and as relatively small for the other two models (language grade 5 and 

mathematics grade 3). The overall share of variance explained by differences across schools and 

students, respectively, does thus not change much. Given these results, it is no surprise that the 

likelihood-ratio test of the null hypothesis that the municipality-level error variance is zero 

଴: ߰(ଷ)ܪ) = 0) produces a small ࣑૛-statistic. The null hypothesis of no municipality-level random 

error term fails to be rejected, and the analysis will be continued based on a two-level framework.  

 

 

Table 40 Three-level variance component models, department-level analysis 

 Language,  
3rd grade 

Language,  
5th grade 

Math,  
3rd grade 

Math,  
5th grade 

Civics,  
5th grade 

n (students) 252 376 254 318 378 
j (schools) 66 72 63 60 75 
m (municipalities) 10 10 10 10 10 
Fixed part:      

Grand mean 304.64 (7.61) 308.24 (8.42) 311.68 (10.60) 302.21 (7.85) 314.28 (7.65) 
Random part (sd):      

Municipality-level  0.00 (0.03) 16.09 (11.00) 1.25 (10.41) 0.00 (.) 0.83 (.) 
School-level 42.59 (8.04) 33.17 (7.66) 65.85 (10.73) 47.23 (8.59) 38.25 (6.39) 
Student-level  56.92 (3.42) 68.34 (2.86) 62.11 (3.86) 56.31 (3.37) 62.52 (2.76) 

ICC (schools) 0.36 0.18 0.53 0.41 0.27 
ICC (municipalities) 0.00 0.04 0.00 0.00 0.00 
ICC (j, m) 0.36 0.23 0.53 0.41 0.27 
LR ࣑૛ 0.00 0.54 0.03 0.00 0.03 
p-value (LR ࣑૛)20 1.00 0.46 0.86 1.00 0.86 

Standard errors in parenthesis. 

                                                           
 

20 Halving the p-value is, as explained in the footnote 14 on page 117, does not change the conclusions.  
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6.3 The full multilevel model  

As was the case for the country-level analysis, the full model is built using the “step-up” method 

of model construction (Ryoo 2011; cited in Kim, Anderson, and Keller 2013). Starting with a simple 

random-intercept model, fixed effects are successively added. Due to the lack of between-

municipality variance, no random coefficients are modeled.  

Two different sets of models are developed to analyze the effect of EN implementation in Quindío. 

The first set uses the total implementation index as the key explanatory variable to test the effect 

of overall model implementation. The second set replaces the overall implementation index with 

the five dimensions of the index (teacher training and support, classroom organization, school 

and community, learning guides, and roles of students) to assess which of these areas are more 

closely associated with improved learning outcomes. The development of both sets of models is 

described in detail in Annex B (sections 2 and 3). The following pages provide a summary.  

6.3.1 Development of the implementation index model 

The starting point is the two-level null model, given that between-municipality differences were 

found to be negligible in Quindío. Step by step, regressors are added, beginning with the EN 

implementation index and student-level variables, followed by core school-level variables 

necessary to test the research hypotheses, other school-level variables, and finally municipality-

level variables. Only very few coefficients turn out to be individually significant, and the joint 

significance of regressors is different for the different testing areas. As shown extensively in Annex 

B, the best fit for grade 3 results is achieved with model QRI2, which is defined as:  

Model QRI2: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௝௠ܧସܰܵߚ ܧܵܰ)ହߚ+ ∗ ௝௠(ܫܰܧ + ௜௝௠ߦ  

Model QRI3 provides the best fit for grade 5 results and is defined as: 
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Model QRI3:  ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௝௠ܧସܰܵߚ ܧܵܰ)ହߚ+ ∗ ௝௠(ܫܰܧ + ℎ݊݅ݐ଺݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ +  ௜௝௠ߦ

In both cases, ߦ௜௝௠ is the composed error term consisting of the student-level error term ߝ௜௝௠ and 

the school-level error term ߞ௝௠. Subscripts are added to all regressors to indicate the level on 

which the variables change (݅ for students, ݆  for schools, and ݉ for municipalities). Apart from the 

EN implementation index (ܫܰܧ), the models include a predictor for gender (݈݉ܽ݁) and a cross-

level interaction term of the implementation index and gender (݈݉ܽ݁ ∗  This interaction .(ܫܰܧ

term is testing the hypothesis that the effect of the EN model differs by gender. As core school-

level variables, both models include the average socioeconomic level of the school (ܰܵܧ) and the 

interaction of socioeconomic level and the EN implementation index (ܰܵܧ ∗  Model QRI3 .(ܫܰܧ

contains in addition some school-level control variables, namely the presence of students with 

ethnic background (݁ݐℎ݊݅ܿ) and who are victims of the conflict (ܿݐ݈݂ܿ݅݊݋). The results for these 

models are summarized in Table 41 on page 197. The results are discussed in section 6.3.3, after 

the development of the random intercept model based on index areas in the next section. 

6.3.2 Development of the implementation index-dimensions model 

The EN model consists of a wide range of different elements. Despite Fundación Escuela Nueva’s 

focus on the holistic nature of the model, it is conceivable that some aspects of the model are 

more strongly correlated with positive learning outcomes than others. Therefore, a second series 

of department-level hierarchical models are developed which use the five index dimensions 

instead of the overall index to identify EN implementation.  

The starting point is again the two-level null model, and regressors are added step by step 

according to the level they belong to (student-level, core school-level, other school-level, and 

municipality-level). All models include the five implementation index dimensions (1ܦ to 5ܦ), each 
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of them rescaled so that zero is the lowest value observed in the sample. The models and their 

respective fit is presented in detail in section 3 of Annex B.  

As was the case for the models for the overall implementation index, the final model based on 

the best fit differs between grades and testing areas. For language as well as for grade 3 

mathematics, model QRI6 provides the best fit and is defined as:  

Model QRI6: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ + 4௝௠ܦ ܰܧଵ_ସߚ 5௝௠ܦ ܰܧଵ_ହߚ+ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ + ݈݁ܽ݉)ଷ_ଶߚ ∗ ௜௝௠(2ܦ ݈݁ܽ݉)ଷ_ଷߚ+ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ∗ ௜௝௠(5ܦ + ௝௠ܧସܰܵߚ ܧܵܰ)ହ_ଵߚ+ ∗ ௝௠(1ܦ + ܧܵܰ)ହ_ଶߚ ∗ ௝௠(2ܦ + ܧܵܰ)ହ_ଷߚ ∗ ௝௠(3ܦ + ܧܵܰ)ହ_ସߚ ௝௠(4ܦ∗ + ܧܵܰ)ହ_ହߚ ∗ ௝௠(5ܦ +  ௜௝௠ߦ

For grade 5 mathematics as well as for civic competencies, the best-fitting model is model QRI7, 

which is defined as:  

Model QRI7: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ + 4௝௠ܦ ܰܧଵ_ସߚ 5௝௠ܦ ܰܧଵ_ହߚ + + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ + ݈݁ܽ݉)ଷ_ଶߚ ∗ ௜௝௠(2ܦ ݈݁ܽ݉)ଷ_ଷߚ+ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ∗ ௜௝௠(5ܦ + ௝௠ܧସܰܵߚ ℎ݊݅ݐ଺݁ߚ+ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ +  ௜௝௠ߦ

All fixed and random terms have the same interpretation as in the previous section, with the 

important difference that the overall index ܫܰܧ was split up into its five components 1ܦ to 5ܦ, 

which affects the main effects of the EN dimensions as well as the interaction terms with gender 

and socioeconomic status. The difference between models QRI6 and QRI7 is the inclusion of the 

regressors ݁ ܿ ℎ݊݅ܿ andݐ  in the latter. The final models and results are summarized in Table ݐ݈݂ܿ݅݊݋

42. 
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6.3.3 Results 

The estimation results for the final models are presented in Table 41 for estimations based on the 

overall index, and in Table 42 for estimations based on the index dimensions. As the results for 

both approaches largely mirror each other, they are discussed jointly.  

The main question of interest concerns the effect of EN program implementation on learning 

outcomes. As was made clear in the previous two sections, the models provide no evidence for 

such an effect, neither based on the overall index, nor based on the implementation dimensions. 

For the former, the point estimates are positive for all cases expect for grade 5 language exams, 

yet the t-statistics of the coefficients are well below conventional significance thresholds. For the 

individual dimensions, the sign of the effect differs between dimensions, grades, and areas, and 

the coefficients also lack statistical significance. Thus, the null hypothesis of no effect of program 

implementation fails to be rejected.  
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Table 41 Overview: Results of the final random intercept models for the overall index, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 252 369 254 312 371 
j (schools) 66 71 63 59 74 
Fixed part:      

EN Index 0.92 (1.55) -1.60 (1.47) 0.79 (2.23) 0.41 (1.68) 1.23 (1.30) 
Male -20.28 (19.64) -20.49 (20.57) 31.03 (22.32) 16.70 (18.56) -19.81 (16.27) 
ENI*Male 0.08 (0.50) -0.28 (0.49) -0.80 (0.58) -0.34 (0.47) -0.43 (0.41) 
Socioeconomic level 14.20 (59.13) -53.19 (52.18) 19.17 (83.69) -24.29 (68.08) 67.52 (48.13) 
ENI*Socioec. level -0.16 (1.45) 1.70 (1.34) 0.05 (2.08) 0.23 (1.64) -0.85 (1.21) 
w/ ethnic students    -50.38 * (20.76)    -25.21 (21.79) -38.03* (18.79) 
w/ conflict victims    -15.73 (13.09)    -38.20** (14.51) -13.21 (12.40) 
Grand mean 271.11*** (63.35) 388.16 *** (59.76) 262.58** (89.68) 321.30*** (68.94) 265.37*** (53.06) 

Random part (sd):      
School-level 41.45 (8.06) 32.25 (7.47) 65.49 (10.06) 37.44 (7.37) 31.93 (6.79) 
Student-level  56.22 (3.33) 66.26 (2.79) 61.66 (3.80) 56.28 (3.60) 60.03 (2.58) 

ICC (schools) 0.35 0.19 0.53 0.31 0.22 
Variance explained (c) 3.7% 9.9% 2.6% 15.4% 15.2% 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 42 Overview: Results of the final random intercept models for the index dimensions, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 252 376 254 318 378 
j (schools) 66 72 63 60 75 
Fixed part:      

Dimension 1 (Training) -1.05 (0.77) -0.50 (0.63) -0.31 (1.18) 0.05 (0.62) -0.54 (0.57) 
Dimension 2 (Classroom) 1.06 (1.32) -0.56 (1.15) 0.46 (1.88) 1.31 (1.56) 0.24 (0.99) 
Dimension 3 (Community) 1.26 (0.89) 0.23 (0.75) 0.12 (1.32) 1.26 (0.76) 0.62 (0.71) 
Dimension 4 (Guides) -0.02 (1.67) -0.13 (1.72) 2.27 (2.31) 0.26 (1.78) 1.05 (1.45) 
Dimension 5 (Roles) -1.59 (2.34) 0.00 (2.05) -2.74 (3.53) -3.78 (2.45) -1.28 (1.87) 
Male -2.00 (31.21) 5.59 (28.20) 49.05 (35.88) 21.62 (28.62) -10.02 (25.87) 
EN D1*Male 0.41 (0.47) -0.75 (0.45) -0.32 (0.58) -0.52 (0.36) 0.14 (0.39) 
EN D2*Male 0.72 (0.72) 1.01 (0.67) 0.37 (0.79) 0.16 (0.82) -0.09 (0.74) 
EN D3*Male 0.06 (0.63) -0.56 (0.52) -0.29 (0.76) -0.64 (0.52) 0.04 (0.53) 
EN D4*Male -1.48 (0.84) -0.38 (0.75) -0.33 (0.82) -0.03 (0.80) -0.60 (0.66) 
EN D5*Male 0.49 (0.98) -0.28 (1.03) -0.66 (1.06) 0.72 (0.96) 0.26 (0.95) 
Socioeconomic level -48.68 (100.13) -110.05 (87.56) 60.38 (131.94) 8.96 (107.34) 63.41 (74.39) 
EN D1*Socioec. level 1.23 (0.76) 0.40 (0.63) 1.10 (1.11) 0.73 (0.65) 0.45 (0.59) 
EN D2* Socioec. level -1.63 (1.14) -0.86 (0.89) -0.40 (1.49) -1.01 (1.56) -0.82 (0.75) 
EN D3* Socioec. level -0.87 (0.86) 0.61 (0.73) -0.64 (1.23) -0.55 (0.80) 0.11 (0.63) 
EN D4* Socioec. level 0.90 (1.79) 1.43 (1.73) -2.70 (2.39) -0.75 (1.78) -0.92 (1.49) 
EN D5*v. level 1.78 (2.28) 0.85 (1.96) 4.04 (3.31) 2.69 (2.38) 1.64 (1.79) 
w/ ethnic students          -45.74 (25.05) -47.73* (19.40) 
w/ conflict victims         -39.77** (14.63) -16.66 (12.23) 
Grand mean 307.42 ** (102.15) 371.67*** (88.92) 207.34 (136.79) 309.82** (111.24) 277.24*** (79.39) 

Random part (sd):      
School-level 38.70 (8.59) 30.01 (7.25) 62.29 (9.80) 33.52 (6.78) 21.64 (13.22) 
Student-level  54.88 (3.20) 66.13 (2.77) 61.54 (3.81) 55.75 (3.28) 60.84 (2.80) 

ICC (schools) 0.33 0.17 0.51 0.27 0.11 
Variance explained 10.9% 12.5% 7.7% 21.7% 23.5% 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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The conclusion is similar for the hypothesis that the model is particularly beneficial for students 

from disadvantaged backgrounds and helps to close gender gaps. None of the interaction terms 

is statistically significant in any of the model specifications.  

Of the remaining coefficients in the model, only very few are statistically significant. For grade 5 

language and civics, students in schools with students of ethnic background tend to score worse; 

in grade 5 mathematics, students in schools with victims of the conflict tend to score worse. The 

grand mean estimate is significant in most, though not all, models. Its interpretation differs 

depending on the variables included in the model. For grade 3 models (and grade 5 language in 

the case of the estimates based on indicator dimensions), it is the estimated exam score for girls 

in schools with the lowest program implementation level and the lowest average socioeconomic 

level. For the other models, it is the estimated exam score for girls in schools with the lowest 

program implementation level and the lowest average socioeconomic level, and with no students 

who are conflict victims or of ethnic background.  

The estimates for the random part of the model are also congruent between the two modelling 

approaches. In the case of grade 3 mathematics, unexplained variance is divided more or less 

equally between the student- and school-levels, meaning that exam scores vary just as much 

between schools as within schools. In all other cases, the largest share of unexplained variance is 

at the student-level, with intraclass correlation coefficients between 0.11 (for civics in the model 

based on indicator dimensions) and 0.35 (for language grade 3 in the model based on the overall 

index). 

Compared to the total variance found in the null model, unexplained variance is reduced in the 

final random intercept models, as indicated by the R2 reported in the last row of each table (see 

footnote 15 on page 115 for an explanation of R2). This is particularly the case for grade 5 
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mathematics and civic competencies. However, the R2 statistic reported in the table does not take 

into account the number of variables used in the model, and thus tends to exaggerate the model 

fit in models with many regressors. This is well demonstrated by comparing the respective statics 

of Table 41 and Table 42 – even though the five index dimensions add up to the overall index, the 

share of explained variance is considerably higher in Table 42. It seems unreasonable that the 

index dimension-model explains over 20% of the model variance (in grade 5 mathematics and 

civics), when only one of the regressors is statistically significant. 

Overall, the results are thus not encouraging. However, a lack of evidence for an effect of EN 

implementation is not the same as evidence for the lack of an effect of EN implementation. The 

sample with which calculations are performed is relatively small for a multilevel analysis, which 

results in a lot of uncertainty and in large standard errors. It is telling that variables that were 

clearly significant in the country-level analysis lack significance in the Quindío sample. The reason 

may be an actual lack of correlation in Quindío, but the more likely interpretation is a lack of 

statistical power. In this sense, the (scarce) significant effects found in the grade 5 models are 

likely not due to the fact that the respective variables only have a significant effect in these grades, 

but due to the fact that the grade 5 sample is considerably larger.21  

Unfortunately, Stata13’s multilevel commands do not allow for an integration with survey 

estimation techniques. This means that it is not possible to correct for the finite population of the 

analysis: While implementation data is available for around 50% of Quindío’s rural primary 

schools, Stata treats the sample of schools as if they represented an infinite (or large) population 

                                                           
 

21 This is because of the way in which the Pruebas SABER are performed: Each grade 5 student takes two 
out of three area exams, while each grade 3 student takes one out of two (see section 1)   
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of schools. Therefore, standard errors are overestimated, and the coefficients are less likely to be 

significant. This is addressed in the next section (section 6.4). 

6.3.4 Random coefficients 

In the country-level study, there was evidence for department- and municipality-level random 

coefficients of EN. The former is clearly out of question in the department-level analysis. The latter 

would be possible; yet, given that there is no evidence for municipality-level random intercepts, 

it would make little sense to include municipality-level random slopes (Rabe-Hesketh and 

Skrondal 2012, 213). Doing so would imply variance in test results between municipalities 

depending on program implementation, but without variance in the mean score between 

municipalities—which is quite unlikely. Hence, the only possible random slope given the available 

data is at the school-level. The exploratory data analysis did indeed suggest that the effect of 

gender may vary between schools; yet there is no theoretic reason to believe that this may be the 

case in this model, other than via an interaction with the EN school model, an effect that lacked 

statistical significance in all specifications presented. Hence, given the strong limitations of the 

available database, no random coefficients are added to the model.  

6.4 Survey analysis model  

Multilevel modeling is not the only way of dealing with hierarchical data. Another possibility is 

survey data analysis, that is, OLS estimation with clustered standard errors. Compared to 

hierarchical models, the main disadvantage of survey data analysis is that it does not give any 

insights in the variance between the clusters (and its determinants). However, an important 

practical advantage is that survey analysis allows for the use of a finite population correction 

factor, which decreases the standard errors when the sample is large in relation to the total 

population, as in the case of the study sample. Multilevel survey estimation is a relatively new 
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field, and Stata13 does not provide that option.22 Survey estimation is used as a second strategy 

to analyze the effect of program implementation in Quindío. The cluster variables (or primary 

sampling units) are the schools; the finite population correction factor is calculated as ටேି௡ேିଵ, 

where ܰ is the population size (149) and ݊ is the sample size (76).  

6.4.1 Model specification 

Two sets of models are estimated, one based on the overall implementation index, and the other 

one based on the index dimensions. In each case, there are two model specifications. The first 

one is a “basic” specification that includes only the variables necessary for testing the research 

hypotheses. The second one is the “full” specification that includes the available control variables.  

The basic model for the full implementation index is defined as follows: 

Model QSA1: ݁ݎ݋ܿݏ௜ = ଴ߚ + ௜ܫܰܧଵߚ + ଶ݈݉ܽ݁௜ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜(ܫܰܧ + ௜ܧସܰܵߚ + ܧܵܰ)ହߚ ௜(ܫܰܧ∗ + ߳௜(௝) 

The corresponding model for the index dimensions is: 

Model QSA2: ݁ݎ݋ܿݏ௜ = ଴ߚ + 1௜ܦ ܰܧଵ_ଵߚ + 2௜ܦ ܰܧଵ_ଶߚ + 3௜ܦ ܰܧଵ_ଷߚ + 4௜ܦ ܰܧଵ_ସߚ 5௜ܦ ܰܧଵ_ହߚ+ + ଶ݈݉ܽ݁௜ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜(1ܦ + ݈݁ܽ݉)ଷ_ଶߚ ∗ ௜(2ܦ ݈݁ܽ݉)ଷ_ଷߚ+ ∗ ௜(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ∗ ௜(5ܦ + ௜ܧସܰܵߚ ܧܵܰ)ହ_ଵߚ+ ∗ ௜(1ܦ + ܧܵܰ)ହ_ଶߚ ∗ ௜(2ܦ + ܧܵܰ)ହ_ଷߚ ∗ ௜(3ܦ + ܧܵܰ)ହ_ସߚ ∗ ௜(4ܦ ܧܵܰ)ହ_ହߚ+ ∗ ௜(5ܦ + ߳௜(௝) 

                                                           
 

22 Survey commands for multilevel models were introduced in Stata14.  
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In order to mark the difference to the multilevel model, the subscript ݅ now indicates that all 

variables are defined at the level of the student. Furthermore, the error term is now defined at 

the student-level as ߳௜(௝); the superscript (݆) is added to indicate school-level clustering. The 

variables are defined in the same way as before: ܫܰܧ is the EN implementation index, rescaled so 

that zero denotes the smallest index value observed; 1ܦ to 5ܦ are the five index dimensions, 

rescaled in the same way; ݈݉ܽ݁ is a dummy for boys; and ܰܵܧ is the socioeconomic level, 0 

denoting NSE1. The models contain the same interactions between gender and EN 

implementation index (dimensions) and socioeconomic level and EN implementation index 

(dimensions) as the models estimated in the previous section.  

The full specification of the models includes the dummy variables ݁ݐℎ݊݅ܿ (schools with students 

of ethnic background), ܿݐ݈݂ܿ݅݊݋ (schools with students who are conflict victims), and ݃݁ܿ݊ܽ݊ݎ݁ݒ݋ (the municipal governance index, centered at the mean of the municipalities): 

Model QSA3: ݁ݎ݋ܿݏ௜ = ଴ߚ + ௜ܫܰܧଵߚ + ଶ݈݉ܽ݁௜ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜(ܫܰܧ + ௜ܧସܰܵߚ + ܧܵܰ)ହߚ ௜(ܫܰܧ∗ + ℎ݊݅ܿ௜ݐ଺݁ߚ + ௜ݐ݈݂ܿ݅݊݋଻ܿߚ + ܿ݊ܽ݊ݎ݁ݒ݋଼݃ߚ ௜݁ + ߳௜(௝) 

Model QSA4: ݁ݎ݋ܿݏ௜ = ଴ߚ + 1௜ܦ ܰܧଵ_ଵߚ + 2௜ܦ ܰܧଵ_ଶߚ + 3௜ܦ ܰܧଵ_ଷߚ + 4௜ܦ ܰܧଵ_ସߚ 5௜ܦ ܰܧଵ_ହߚ+ + ଶ݈݉ܽ݁௜ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜(1ܦ + ݈݁ܽ݉)ଷ_ଶߚ ∗ ௜(2ܦ + ݈݁ܽ݉)ଷ_ଷߚ ௜(3ܦ∗ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ∗ ௜(5ܦ + ௜ܧସܰܵߚ + ܧܵܰ)ହ_ଵߚ ∗ ௜(1ܦ ܧܵܰ)ହ_ଶߚ+ ∗ ௜(2ܦ + ܧܵܰ)ହ_ଷߚ ∗ ௜(3ܦ + ܧܵܰ)ହ_ସߚ ∗ ௜(4ܦ + ܧܵܰ)ହ_ହߚ ∗ ௜(5ܦ ℎ݊݅ܿ௜ݐ଺݁ߚ+ + ௜ݐ݈݂ܿ݅݊݋଻ܿߚ + ௜݁ܿ݊ܽ݊ݎ݁ݒ݋଼݃ߚ + ߳௜(௝) 

6.4.2 Results 

The estimation results are presented in Table 43 through Table 46. The first table contains the 

results for model QSA1, the “basic” specification with the full index. The effect of EN 

implementation is positive and highly to moderately significant in all grades and areas. For girls of 
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the lowest socioeconomic level, the expected improvement in the exam scores is between 2.0 

and 5.9 points per additional percentage point of model implementation, depending on grade and 

area. Given that the observed index values have a range of about 60 percentage points and a 

standard deviation of 11.9, this is a large effect. The EN effect is larger for the grade 3 than for the 

grade 5 exams. Boys do better than girls in grade 3 math and worse in civic competencies. In grade 

3 math, the EN model helps to diminish these gender differences. Finally, the socioeconomic level 

has a large positive and significant effect, and in all grades and areas, EN helps to decrease the 

discrepancy between the socioeconomic levels. However, the coefficient on the interaction term 

is small compared to the main effect of socioeconomic level. This indicates that a fairly high 

implementation level is necessary in order to make up for the differences. The last part of the 

table contains the number of observations, and R2 as a measure for model fit.23 The basic model 

explains only between 5.1% and 18.3% of the score variance, which is not much.  

The results of adding control variables (݁ݐℎ݊݅ܿ, ܿ ݃ and ,ݐ݈݂ܿ݅݊݋  to create model QSA3 (݁ܿ݊ܽ݊ݎ݁ݒ݋

are presented in Table 44. EN implementation is significant only in two of the five cases: In grade 

3 mathematics and in civic competencies, where students can expect to score 3.7 and 2.3 points, 

respectively, higher for each percentage point increase in the index. Gender, socioeconomic level, 

and the interaction between EN implementation and socioeconomic level are also only significant 

in these two models, with the expected signs (socioeconomic level alone is also significant for 

                                                           
 

23 Because the estimations are performed through multiple imputation, the R2 statistic is not provided as 
part of the standard output. The statistic is computed by applying Rubin’s combination rules. Harel (2009) 
suggests to transform the R2 of each imputed dataset through Fisher’s z (or inverse hyperbolic tangent) 
transformation to improve its asymptotic normality. The thus transformed R2 statistics are combined, and 
then transformed back into the original metric (following Cañette and Marchenko 2017). The R2 estimate 
obtained may be biased upwards and should ideally be accompanied by adjusted R2 estimates, which in this 
procedure tend to be biased downwards (UCLA Statistical Consulting Group 2017). However, this is not 
done here as reporting an adjusted R2 for survey data is not straight forward.  
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grade 3 language). Students in schools with ethnic populations score lower in all cases; students 

in schools with conflict victims score lower in two cases. Governance is significant only for grade 

5 mathematics, where the effect is unexpectedly negative (worse governance is associated with 

higher learning outcomes). The model fit improves compared to model QSA1; between 13% and 

23% of the variance is explained.  
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Table 43 Results of the survey estimation models QSA1 (department-level study) 

 
Language  
Grade 3 

Language  
Grade 5 

Mathematics  
Grade 3 

Mathematics  
Grade 5 

Civic Competencies  
Grade 5 

 β se β se β se β se β se 
EN Index 3.40 *** 0.47 1.96 ** 0.67 5.93 *** 0.94 3.22 ** 1.03 4.7 *** 0.60 
male -16.84  17.34 -21.85  13.48 38.71 * 12.44 10.66  12.02 -22.93 * 9.55 
ENI*male -0.11  0.43 -0.11  0.30 -1.00 * 0.38 -0.1  0.36 -0.35  0.24 
Socioeconomic Level 115.22 *** 18.38 53.79 * 20.95 189.59 *** 28.42 86.28  48.87 176.72 *** 21.84 
ENI*Socioec. level -2.73 *** 0.43 -1.46 ** 0.48 -4.68 *** 0.68 -2.42 * 0.99 -4.05 *** 0.47 
Intercept 169.00 *** 19.36 242.47 *** 28.61 70.43 * 34.27 170.63 *** 46.96 126.14 *** 26.67 
R2 0.092 0.051 0.130 0.076 0.183 
n  252   376   254   318   378  

 ***p≤0.001; ** p<0.01; * p<0.05 
 

Table 44 Results of the survey estimation models QSA3 (department-level study) 

 
Language  
Grade 3 

Language  
Grade 5 

Mathematics  
Grade 3 

Mathematics  
Grade 5 

Civic Competencies  
Grade 5 

 β se β se β se β se β se 
EN Index 1.34  0.75 -1.36  0.68 3.70 * 1.46 0.74  0.66 2.26 ** 0.68 
male -12.34  16.11 -14.42  13.99 35.20 * 12.43 15.41  12.71 -17.60 * 8.37 
ENI*male -0.11  0.39 -0.31  0.31 -0.94  0.38 -0.28  0.35 -0.46 * 0.21 
Socioeconomic Level 56.13 * 25.51 -32.40  22.20 122.07 ** 38.99 33.30  27.89 113.43 *** 24.72 
ENI*Socioec. level -1.11  0.61 1.22  0.58 -2.88 ** 1.03 -0.59  0.59 -2.09 *** 0.57 
w/ ethnic students -32.35 ** 11.09 -58.97 *** 10.24 -40.64 * 16.01 -19.15 * 8.43 -44.12 *** 9.21 
w/ conflict victims -16.11  9.48 -17.15 * 7.80 -1.95  12.69 -52.6 *** 7.96 -9.73  6.73 
Governance 0.63  0.95 -0.67  0.95 1.62  1.32 -3.18 *** 0.81 -0.55  0.87 
Intercept 262.12 *** 30.84 378.24 *** 27.91 166.59 ** 55.10 288.38 *** 30.98 223.24 *** 29.14 
R2 0.133 0.131 0.154 0.202 0.228 
n  252   376   254   318   378  

***p≤0.001; ** p<0.01; * p<0.05 
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Table 45 Results of the survey estimation models QSA2 (department-level study) 

 
Language  
Grade 3 

Language  
Grade 5 

Mathematics  
Grade 3 

Mathematics  
Grade 5 

Civic Competencies  
Grade 5 

 β se β se β se β se β se 
Dimension 1 (Training) -0.82  0.50 -0.08  0.34 -0.07  0.87 -0.02  0.46 -0.43  0.35 
Dimension 2 (Classroom) 1.34 * 0.63 -1.03  0.63 1.11  1.06 2.05  1.06 1.51 * 0.64 
Dimension 3 (Community) 1.75 ** 0.48 0.27  0.37 1.63 * 0.80 1.05 * 0.50 0.83  0.48 
Dimension 4 (Guides) 0.10  0.82 1.16  1.07 3.03 * 1.33 0.98  1.06 2.16 * 0.82 
Dimension 5 (Roles) -1.22  1.43 -0.87  1.15 -3.70  2.41 -4.57 * 1.79 -2.80 ** 1.02 
male -0.28  16.25 18.47  15.22 53.61 * 21.53 21.36  17.90 -11.18  13.04 
D1*male 0.42  0.27 -1.03 ** 0.31 -0.23  0.36 -0.44  0.23 0.16  0.28 
D2*male 0.77  0.39 1.14 * 0.43 0.93 * 0.45 0.48  0.64 0.09  0.50 
D3*male -0.31  0.38 -0.47  0.31 -1.15 * 0.44 -0.79  0.38 -0.11  0.33 
D4*male -1.29 * 0.47 -0.79  0.40 -0.14  0.51 -0.43  0.48 -0.67 * 0.32 
D5*male 0.30  0.57 0.32  0.63 -1.28 * 0.60 1.03  0.75 0.32  0.53 
Socioeconomic level 16.43  45.98 -69.82  41.67 152.86 * 69.75 8.26  66.82 125.91 * 55.22 
D1*Socioeconomic level 0.93 * 0.42 -0.06  0.35 0.47  0.66 0.11  0.46 0.04  0.37 
D2*Socioeconomic level -1.78 ** 0.49 -0.56  0.43 -1.54 * 0.58 -1.97 * 0.97 -1.82 *** 0.46 
D3*Socioeconomic level -1.43 ** 0.49 0.55  0.34 -0.91  0.64 -0.14  0.46 -0.12  0.42 
D4*Socioeconomic level 0.49  0.88 0.19  1.08 -3.75 ** 1.34 -0.63  1.09 -1.67  0.90 
D5*Socioeconomic level 1.69  1.38 1.85  1.10 5.98 ** 2.05 3.98 * 1.61 3.24 ** 1.00 
Intercept 243.43 *** 47.75 332.52 *** 40.64 93.17  72.18 234.77 ** 66.16 163.54 ** 52.76 
R2 0.106 0.122 0.152 0.109 0.209 
n  252   376   254   318   378  

***p≤0.001; ** p<0.01; * p<0.05 
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Table 46 Results of the survey estimation models QSA4 (department-level study) 

 
Language  
Grade 3 

Language  
Grade 5 

Mathematics  
Grade 3 

Mathematics  
Grade 5 

Civic Competencies  
Grade 5 

 β se β se β se β se β se 
Dimension 1 (Training) -0.77  0.54 -0.31  0.34 -0.26  0.88 0.14  0.43 -0.65  0.34 
Dimension 2 (Classroom) 0.53  0.59 -2.07 ** 0.68 1.04  1.08 0.24  0.93 0.20  0.64 
Dimension 3 (Community) 1.48 ** 0.45 0.27  0.34 1.45  0.83 0.89 * 0.39 0.72  0.38 
Dimension 4 (Guides) -0.04  0.75 0.16  1.04 2.70 * 1.29 0.75  1.01 1.09  0.79 
Dimension 5 (Roles) -1.91  1.13 0.25  1.20 -4.46  2.30 -2.15  1.66 -1.52  0.95 
male 9.00  17.42 15.82  15.38 52.08 * 20.50 28.41  18.21 -5.80  13.10 
D1*male 0.24  0.28 -1.00 ** 0.31 -0.24  0.35 -0.67 ** 0.23 0.07  0.28 
D2*male 0.87 * 0.39 1.08 * 0.44 0.78  0.41 0.46  0.64 0.02  0.50 
D3*male -0.33  0.37 -0.55  0.31 -1.06 * 0.45 -0.51  0.38 -0.02  0.34 
D4*male -1.18 * 0.48 -0.49  0.43 -0.08  0.51 -0.33  0.48 -0.52  0.32 
D5*male 0.06  0.59 -0.07  0.67 -1.20  0.61 0.66  0.76 0.01  0.54 
Socioeconomic level -36.32  44.57 -116.10 * 43.48 102.42  76.10 27.09  61.13 73.04  50.92 
D1*Socioeconomic level 1.28 ** 0.41 0.43  0.36 0.80  0.71 0.27  0.44 0.62  0.35 
D2*Socioeconomic level -1.15 * 0.43 0.21  0.48 -1.29  0.64 -0.84  0.84 -0.79  0.50 
D3*Socioeconomic level -1.02 * 0.42 0.64  0.33 -0.79  0.65 -0.06  0.34 0.03  0.30 
D4*Socioeconomic level 0.21  0.77 0.59  1.07 -3.67 ** 1.24 -0.63  1.05 -1.31  0.82 
D5*Socioeconomic level 2.09  1.13 0.84  1.12 6.35 ** 1.96 1.94  1.50 2.06 * 0.90 
w/ ethnic students -47.55 *** 11.90 -46.16 *** 10.63 -35.26  19.61 -23.77  12.45 -58.82 *** 10.10 
w/ conflict victims -20.56  11.63 -20.46 * 8.36 4.98  13.42 -49.60 *** 7.07 -21.72 * 8.10 
Governance 1.30  1.06 -0.69  0.96 1.79  1.29 -2.77 * 1.03 -1.06  0.84 
Intercept 344.16 *** 48.83 436.83 *** 46.00 163.45  85.30 284.49 *** 60.03 283.76 *** 50.07 
R2 0.202 0.187 0.210 0.236 0.277 
n 252 376 254 318 378 

***p≤0.001; ** p<0.01; * p<0.05 
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Table 45 and Table 46 contain the results for the models based on the index dimensions. In the 

basic specification, some index dimensions are statistically significant in some of the cases. 

Specifically, there are significant, positive main effects of the dimension classroom organization 

in grade 3 language and civics; of dimension three (community relations) in mathematics and in 

grade 3 language; and of dimension four (learning guides) in grade 3 mathematics and in civics. 

Additionally, the main effect of dimension five (student roles) is negative for grade 5 mathematics 

and for civics. The effect of EN implementation seems to vary by gender for dimension one in 

grade 5 language; for dimension two in grade 5 language and grade 3 mathematics; for 

dimensions 3 and 5 in grade 3 mathematics; and for dimension 4 in grade 3 language and civics. 

It also seems to vary by socioeconomic level for dimensions one, two, and three in grade 3 

language; for dimensions two, four, and five in grade 3 mathematics; and for dimensions two and 

five in grade 5 mathematics and civics. That being said, the direction of the effect is not always 

clear. For instance, in the case of socioeconomic level, a higher implementation percentage in 

dimension five (roles of students) tends to help children in schools with a high average 

socioeconomic level more than other children, while a higher implementation percentage in 

dimension two (classroom organization) tends to benefit children in schools with lower average 

socioeconomic level more. The R2 statistics show that the basic model can explain between 10% 

and 21% of total variance in exam scores. 

Finally, the results for model QSA4 (index dimensions and control variables), are shown in Table 

46. There are only a few instances of a significant effect of EN implementation. For dimension one 

(teacher training), the base effect is not significant, but the interaction with gender is in two cases 

(with a negative sign), and the interaction with socioeconomic level is in one case (with a positive 

sign). Dimension two (classroom organization) has a significant negative effect in grade 5 

language, and that effect is significantly smaller for boys; classroom organization is also significant 
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in its interaction with socioeconomic level for grade 3 language, where the model helps to 

decrease the gap between the socioeconomic levels. Dimension three (community relations) is 

positively associated with scores in grade 3 language and grade 5 math; it decreases gender gaps 

in grade 3 math, and differences between socioeconomic levels in grade 3 language. Dimension 

four (learning guides) has a positive main effect in grade 3 mathematics, decreases gender gaps 

in grade 3 language, and differences between socioeconomic levels in grade 3 mathematics. 

Finally, dimension five (student roles) is only significant in its interaction, where it benefits 

children from higher socioeconomic levels more in grade 3 mathematics and in civics. Of the 

control variables, the school characteristics are significant in three out of the five cases; students 

tend to score worse if their schools cater to students of ethnic backgrounds or to students who 

are conflict victims. The effect of better governance is negative for grade 5 math in this 

specification as well. The model fit could be improved slightly; between 19% and 28% of the 

variance in scores is explained. 

6.5 Robustness 

In order to check whether small changes to the implementation index change the conclusion, the 

models are estimated replacing the overall implementation index first with the student- and then 

with the teacher index. This is done for the final random intercept model in each area and for 

model QSA3 and QSA4 using survey analysis techniques.  

The results of the final random intercept model for the overall index were presented in Table 41 

on page 197. Table 47 and Table 48 (starting on page 213) show how the results change when 

using the student- and teacher index, respectively. The overall conclusion based on Table 41 was 

a lack of statistical significance and thus a failure to reject the null hypothesis of no effect of the 

EN model. This conclusion is only slightly adapted, namely, in the case of language grade 3: Here, 
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the model based on the student index results in a significant positive effect of EN implementation, 

as well as a significant, negative interaction term with socioeconomic level (the latter indicating 

that EN is more beneficial for children from poorer families). All of the significant effects from the 

final model are still significant in the robustness check, with comparable estimation coefficients 

(though the intercept estimates vary).  

Table 49 and Table 50 present the estimation results based on the student- and teacher index 

dimensions, which should be compared to Table 42 on page 198. Note that the table based on 

the student index dimensions lacks dimension one, as teacher training and support is not 

measured on the student index. The results are again comparable: Most of the effects continue 

to lack statistical significance, though the interaction of dimension four (learning guides) and 

socioeconomic level is significant and negative in mathematics and civics in the student index 

dimension model (indicating that EN guides help students in schools of low average 

socioeconomic status more), and the interaction of dimension two (classroom organization) and 

socioeconomic level is significant and negative in language and civics in the teacher index 

dimensions model (with the same conclusions).  

For the survey analysis models using the overall index, the results based on the student and 

teacher index can be found in Table 51 and Table 52, respectively (the results of the combined 

index were presented in Table 44 on page 206). The robustness checks confirm the conclusion 

that there is some evidence for a positive effect of EN implementation: Based on the student 

index, grade 3 test scores as well as civics scores improve with increased program 

implementation; according to the teacher index, that is the case in civics. The effect size is 

comparable to the one found with the overall index. The models based on the student- and 

teacher index also indicate a negative interaction with socioeconomic level. 
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Finally, Table 53 and Table 54 show how the results from Table 46 (page 208) change if the effect 

of individual model components are estimated for the dimensions of the student- and teacher 

index separately. Table 46 showed some evidence for a negative effect of classroom organization 

in grade 5 language, for a positive effect of community relations in language grade 3 and 

mathematics grade 5, and for a positive effect of learning guides in grade 3 mathematics. These 

results change somewhat when using only a student- or teacher index. In the former case, the 

negative effect of classroom organization in grade 5 language persists in the student index; yet, 

the coefficient is significant and positive in grade 3 and for civics for the student index, and for 

civics for the teacher index. A positive effect of community relations is not confirmed in either of 

the two sub-indices. The model based on the student index confirms a positive effect of learning 

guides in all specifications except language grade 5. Furthermore, the student index model 

suggests a negative effect of the dimension “student roles” for grade 3 mathematics tests. These 

effects are modified by interaction terms, which are for the student index in most specifications 

negative for socioeconomic level with dimensions two and four, and positive for dimensions three 

and five for one specification each. There are two, opposite, interactions with gender in language 

grade 5, namely, in dimensions three and five. For the teacher index, there are positive 

socioeconomic level interactions with dimension one, three, and four in one or two specifications, 

and negative interactions with dimension two in two specifications. Hence, though there are some 

patterns, the overall effect is not entirely clear, as will be discussed in the next section. 

All put together, the robustness analysis upholds the general findings presented in this chapter. 

At the same time, it suggests that the effects of the individual model dimensions are not always 

robust, and that it does matter whose perspective on program implementation is considered. 

This, in turn, strengthens the case for using a combined metric of students’ and teachers’ 

perspectives in order to obtain the fullest possible picture. 
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Table 47 Robustness: Results of the final random intercept models for the overall student index, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 234 343 226 289 348 
j (schools) 59 64 55 53 66 
Fixed part:      

EN student Index (ENSI) 3.79** (1.25) -1.35 (1.24) 1.85 (1.92) 0.51 (1.54) 1.27 (1.13) 
Male -20.73 (19.65) -27.40 (19.96) 26.37 (21.91) 14.94 (18.55) -21.00 (16.80) 
ENSI*Male 0.14 (0.44) -0.10 (0.42) -0.62 (0.51) -0.31 (0.41) -0.36 (0.37) 
Socioeconomic level 121.35* (51.79) -34.80 (47.27) 73.12 (78.06) 18.32 (68.93) 88.72* (44.28) 
ENSI*Socioec. level -2.88* (1.17) 1.12 (1.08) -1.34 (1.78) -0.62 (1.47) -1.23 (1.01) 
w/ ethnic students   -58.26** (21.22)   -33.41 (22.87) -45.63* (18.98) 
w/ conflict victims   -11.41 (13.99)   -39.99 * (16.12) -10.98 (13.23) 
Grand mean 154.97** (54.73) 384.55*** (57.39) 220.22** (84.09) 314.15 *** (73.04) 258.84*** (51.95) 

Random part (sd):      
School-level 34.76 (9.75) 31.42 (7.90) 66.24 (11.17) 38.67 (7.95) 29.84 (7.75) 
Student-level  56.84 (3.44) 66.99 (3.04) 61.71 (4.25) 56.94 (3.61) 60.74 (2.76) 

ICC (schools) 0.27 0.18 0.54 0.32 0.19 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 48 Robustness: Results of the final random intercept models for the overall teacher index, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 250 372 251 314 372 
j (schools) 65 70 61 58 73 
Fixed part:      

EN teacher Index (ENTI) -0.65 (1.36) -0.63 (1.24) -0.02 (1.96) 0.39 (1.35) 0.81 (1.11) 
Male -15.72 (19.89) -19.14 (21.82) 33.39 (23.46) 13.87 (19.22) -16.89 (16.97) 
ENTI*Male -0.02 (0.48) -0.26 (0.49) -0.81 (0.59) -0.22 (0.46) -0.49 (0.41) 
Socioeconomic level -43.47 (59.80) -28.81 (51.65) -16.52 (83.49) -25.69 (62.68) 39.03 (48.23) 
ENTI*Socioec. level 1.19 (1.34) 1.07 (1.20) 0.86 (1.91) 0.50 (1.39) -0.24 (1.09) 
w/ ethnic students   -45.15* (20.22)    -28.89 (22.66) -41.14* (19.57) 
w/ conflict victims   -11.79 (13.13)    -39.75** (14.61) -11.03 (12.60) 
Grand mean 335.52*** (61.36) 345.99*** (54.93) 294.15 ** (86.13) 314.36*** (60.57) 281.83*** (50.14) 

Random part (sd):      
School-level 42.68 (7.80) 31.55 (7.37) 64.67 (10.18) 37.19 (7.25) 32.60 (6.27) 
Student-level  56.22 (3.31) 66.41 (2.74) 61.71 (3.81) 56.67 (3.45) 59.89 (2.55) 

ICC (schools) 0.37 0.18 0.52 0.30 0.23 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 49 Robustness: Results of the final random intercept models for the student index dimensions, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 234 343 226 289 348 
j (schools) 59 64 55 53 66 
Fixed part:      

S Dimension 2 (Classroom) 1.45 (1.11) -0.99 (1.33) 2.84 (1.56) -1.18 (1.57) 0.73 (0.88) 
S Dimension 3 (Commun.) 0.48 (0.77) 0.39 (0.75) -0.46 (1.19) 0.37 (0.71) -0.27 (0.66) 
S Dimension 4 (Guides) 2.74 (1.92) 1.40 (1.82) 4.32 (2.22) 1.86 (1.68) 3.32* (1.31) 
S Dimension 5 (Roles) -0.40 (2.06) -0.59 (2.41) -4.31 (3.23) -0.39 (2.52) -0.87 (1.72) 
Male -12.77 (28.76) -0.61 (26.86) 33.13 (36.38) 33.53 (25.02) -6.38 (24.69) 
ENS D2*Male 0.24 (0.52) 0.41 (0.54) 0.05 (0.66) 0.99 (0.83) -0.02 (0.57) 
ENS D3*Male 0.75 (0.55) -0.59 (0.47) -0.14 (0.72) -0.69 (0.47) -0.08 (0.45) 
ENS D4*Male -1.10 (0.62) -0.80 (0.64) -0.25 (0.69) -0.49 (0.64) -0.53 (0.51) 
ENS D5*Male 0.05 (0.95) 1.16 (1.09) -0.37 (1.08) -0.22 (0.99) 0.30 (0.91) 
Socioeconomic level 221.09 (126.94) 16.34 (116.65) 288.22 (152.26) 122.22 (119.25) 265.21** (83.59) 
ENS D2* Socioec. level -1.46 (0.87) 0.20 (1.00) -2.17 (1.22) 1.56 (1.63) -1.02 (0.65) 
ENS D3* Socioec. level -0.41 (0.83) 0.27 (0.74) -0.35 (1.00) 0.19 (0.76) 0.93 (0.58) 
ENS D4* Socioec. level -2.41 (1.92) -0.80 (1.88) -4.97* (2.28) -3.57* (1.79) -3.85** (1.34) 
ENS D5*v. level 1.07 (2.19) 0.28 (2.40) 5.92 (3.14) 0.29 (2.60) 0.64 (1.66) 
w/ ethnic students         -72.03** (26.07) -70.60*** (19.94) 
w/ conflict victims         -31.16 (16.65) -15.34 (12.75) 
Grand mean 48.30 (127.15) 278.47 * (118.54) 22.48 (149.01) 257.89* (123.52) 104.23 (86.06) 

Random part (sd):      
School-level 35.26 (10.26) 35.11 (7.46) 55.87 (11.27) 35.06 (7.12) 0.53 (230.61) 
Student-level  55.37 (3.34) 66.46 (2.96) 61.88 (4.33) 56.08 (3.46) 61.08 (3.00) 

ICC (schools) 0.29 0.22 0.45 0.28 0.00 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 50 Robustness: Results of the final random intercept models for the teacher index dimensions, all grades and areas (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
n (students) 250 372 251 314 372 
j (schools) 65 70 61 58 73 
Fixed part:      

T Dimension 1 (Training) -1.10 (0.74) -0.38 (0.65) 0.62 (1.13) 0.15  (0.67) -0.80 (0.56) 
T Dimension 2 (Classroom) 2.18 (1.31) 1.09 (0.94) 0.38 (1.74) 1.76  (1.11) 1.29 (0.87) 
T Dimension 3 (Commun.) 0.07 (1.17) -0.50 (0.93) -1.36 (1.62) 0.93  (0.93) 0.06 (0.79) 
T Dimension 4 (Guides) -0.82 (1.08) -0.99 (0.98) -0.38 (1.52) -0.72  (1.17) -0.29 (0.82) 
T Dimension 5 (Roles) -2.65 (1.74) 0.50 (1.35) 0.04 (2.38) -2.08  (1.67) -0.55 (1.31) 
Male -13.24 (27.09) -2.38 (28.69) 45.77 (32.61) 13.19  (25.78) -17.74 (22.70) 
ENT D1*Male 0.52 (0.45) -0.84 (0.44) -0.25 (0.55) -0.55  (0.35) 0.27 (0.39) 
ENT D2*Male 0.43 (0.73) 0.30 (0.55) 0.02 (0.70) -0.56  (0.52) -0.31 (0.53) 
ENT D3*Male -0.60 (0.57) -0.50 (0.50) -0.33 (0.69) -0.59  (0.53) -0.09 (0.54) 
ENT D4*Male -0.56 (0.87) 0.53 (0.62) -0.25 (0.81) 0.79  (0.66) -0.23 (0.60) 
ENT D5*Male 0.04 (0.76) -0.60 (0.68) -0.15 (0.83) 0.78  (0.63) 0.13 (0.65) 
Socioeconomic level -81.54 (86.13) -53.28 (64.12) -59.03 (118.58) -8.95  (88.00) 22.55 (55.33) 
ENT D1*Socioec. level 1.16 (0.68) 0.18 (0.60) -0.14 (0.99) 0.30  (0.68) 0.52 (0.54) 
ENT D2* Socioec. level -2.61* (1.31) -1.88* (0.86) -0.42 (1.59) -1.50  (1.10) -1.78* (0.78) 
ENT D3* Socioec. level 0.31 (1.15) 1.21 (0.91) 1.08 (1.63) -0.14  (0.97) 0.67 (0.77) 
ENT D4* Socioec. level 1.68 (1.27) 1.85 (0.97) 0.79 (1.50) 0.94  (1.16) 0.78 (0.81) 
ENT D5*v. level 2.57 (1.68) 0.38 (1.29) 0.36 (2.29) 1.13  (1.68) 0.98 (1.23) 
w/ ethnic students         -24.61  (25.55) -40.88* (18.32) 
w/ conflict victims         -38.59** (14.62) -11.01 (12.42) 
Grand mean 354.33*** (85.87) 320.43*** (64.40) 321.35 ** (123.32) 282.55** (85.92) 293.06*** (58.58) 

Random part (sd):      
School-level 38.20 (8.65) 25.63 (8.74) 62.85 (9.97) 31.90 (7.32) 20.95 (10.92) 
Student-level  55.60 (3.35) 65.91 (2.74) 61.61 (3.81) 55.93 (3.33) 60.49 (2.63) 

ICC (schools) 0.32 0.13 0.51 0.25 0.11 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 51 Robustness: Results of the survey estimation models QSA3 using student index (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
 β se β se β se β se β se 
EN Student Index 3.51 *** 0.72 -1.06  0.57 4.22 ** 1.19 0.46  0.62 1.70 ** 0.49 
male -14.80  16.58 -33.66 * 13.18 33.05 * 11.91 7.56  11.00 -21.52 * 9.44 
ENSI*male 0.01  0.36 0.11  0.27 -0.84 * 0.30 -0.15  0.27 -0.35  0.20 
Socioeconomic Level 114.38 ** 24.94 -24.63  18.29 128.67 *** 31.35 27.35  29.35 120.18 *** 16.67 
ENSI*Socioeconomic level -2.70 *** 0.59 0.78  0.44 -3.18 *** 0.81 -0.44  0.52 -1.76 *** 0.37 
w/ ethnic students -12.91  9.91 -57.59 *** 10.15 -34.64  17.53 -22.81  11.01 -53.30 *** 8.77 
w/ conflict victims 0.10  10.52 -8.40  8.80 27.69  14.05 -45.46 *** 8.11 -13.97  8.23 
Governance 0.98  1.03 -0.39  1.15 2.75 * 1.33 -2.88 * 1.10 -1.34  1.01 
Intercept 167.94 *** 32.55 373.78 *** 24.84 126.69 * 50.05 298.35 *** 30.65 233.48 *** 22.75 
n  234   343   226   289   348  

***p≤0.001; ** p<0.01; * p<0.05 
 

Table 52 Robustness: Results of the survey estimation models QSA3 using teacher’s index (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
 β se β se β se β se β se 
EN Teacher Index -0.29  0.73 -0.59  0.54 1.39  1.31 0.75  0.62 1.78 ** 0.64 
male -9.42  15.77 -7.89  15.59 35.73 * 14.48 15.40  12.87 -12.30  8.20 
ENTI*male -0.08  0.36 -0.44  0.33 -0.84  0.42 -0.27  0.34 -0.57 * 0.21 
Socioeconomic Level 12.83  28.36 -19.33  21.42 66.40  42.11 29.39  29.44 100.79 *** 27.60 
ENTI*Socioeconomic level 0.07  0.62 0.80  0.51 -1.21  1.00 -0.49  0.59 -1.63 ** 0.58 
w/ ethnic students -48.66 *** 11.00 -52.72 *** 9.19 -68.50 *** 13.31 -20.33 * 8.62 -53.82 *** 8.44 
w/ conflict victims -15.76  9.68 -13.99  8.04 -1.19  12.87 -53.95 *** 8.18 -10.44  7.04 
Governance 0.46  0.91 -0.81  0.93 1.37  1.38 -3.05 *** 0.79 -0.41  0.88 
Intercept 322.32 *** 31.89 348.11 *** 24.95 245.84 *** 54.53 289.05 *** 31.49 237.21 *** 30.07 
n  250   372   251   314   372  

 ***p≤0.001; ** p<0.01; * p<0.05 
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Table 53 Robustness: Results of the survey estimation models QSA4 using student index (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
 β se β se β se β se β se 
S Dimension 2 (Classroom) 1.73 ** 0.51 -2.29 * 0.82 3.51 *** 0.89 -1.42  0.71 1.04 * 0.47 
S Dimension 3 (Commun.) 0.45  0.39 0.27  0.41 0.40  0.72 0.27  0.38 -0.37  0.46 
S Dimension 4 (Guides) 2.39 ** 0.55 1.14  0.89 4.65 *** 0.60 1.57 * 0.60 3.65 *** 0.66 
S Dimension 5 (Roles) -0.45  1.08 -0.05  1.21 -4.91 * 2.04 -0.26  1.58 -0.89  0.84 
male -10.42  14.91 -6.14  14.74 47.89  22.54 29.63  15.24 -4.61  12.58 
ENS D2*male 0.27  0.25 0.24  0.33 0.35  0.39 1.07  0.69 0.02  0.38 
ENS D3*male 0.72  0.34 -0.67 * 0.29 -0.60  0.43 -0.58  0.32 -0.07  0.29 
ENS D4*male -0.85  0.36 -0.73  0.37 -0.19  0.46 -0.69  0.39 -0.50  0.25 
ENS D5*male -0.42  0.61 1.65 * 0.62 -0.50  0.67 -0.09  0.75 0.13  0.55 
Socioeconomic level 227.40 *** 51.26 -11.70  57.06 335.48 *** 67.48 63.19  38.24 301.69 *** 41.61 
ENS D2*Socioecon. level -1.42 *** 0.30 0.97  0.55 -3.06 *** 0.54 0.50  0.75 -1.28 *** 0.28 
ENS D3*Socioecon. level -0.33  0.40 0.67  0.41 -0.30  0.52 0.15  0.33 0.95 * 0.34 
ENS D4*Socioecon. level -2.44 *** 0.49 -0.97  0.92 -5.60 *** 0.68 -2.00 * 0.70 -4.21 *** 0.74 
ENS D5*Socioecon. level 0.94  1.16 -0.25  1.15 6.62 ** 1.89 1.27  1.61 0.83  0.70 
w/ ethnic students -26.32 * 12.91 -74.17 *** 12.66 -33.64  17.41 -41.42 ** 13.60 -73.00 *** 11.81 
w/ conflict victims 3.25  10.23 -20.27 * 8.37 29.73 * 13.20 -44.01 *** 8.98 -16.92  8.68 
Governance 0.75  1.07 -0.15  1.18 1.51  1.29 -3.17 ** 1.18 -1.55  0.95 
Intercept 54.51  55.80 367.26 *** 59.85 -74.36  71.24 276.48 *** 38.55 66.15  40.62 
n 234 343 226 289 348 

 ***p≤0.001; ** p<0.01; * p<0.05 
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Table 54 Robustness: Results of the survey estimation models QSA4 using teacher index (department-level study) 

 Language Grade 3 Language Grade 5 Mathematics Grade 3 Mathematics Grade 5 Civics Grade 5 
 β se β se β se β se β se 
T Dimension 1 (Training) -0.68  0.50 -0.37  0.32 1.36  0.79 0.35  0.42 -0.89 ** 0.29 
T Dimension 2 (Classroom) 0.99  0.85 0.40  0.59 1.27  1.05 1.44  0.70 1.26 * 0.49 
T Dimension 3 (Commun.) 0.55  0.57 -0.44  0.44 -0.81  0.99 0.52  0.44 0.25  0.34 
T Dimension 4 (Guides) -0.65  0.54 -0.95  0.55 -1.05  0.75 -0.84  0.81 -0.39  0.45 
T Dimension 5 (Roles) -1.93  1.04 0.63  0.80 -1.28  1.64 -1.51  1.09 -0.94  0.71 
male -2.47  15.86 11.65  20.14 56.75 * 20.02 16.63  17.19 -14.33  11.10 
ENT D1*male 0.30  0.24 -1.00 * 0.31 -0.65  0.34 -0.63 ** 0.22 0.20  0.28 
ENT D2*male 0.38  0.51 0.51  0.38 -0.03  0.45 -0.47  0.34 -0.30  0.33 
ENT D3*male -0.61  0.35 -0.68  0.35 -0.54  0.40 -0.61  0.38 -0.17  0.36 
ENT D4*male -0.51  0.60 0.46  0.38 0.35  0.52 0.78  0.44 -0.10  0.39 
ENT D5*male 0.15  0.39 -0.77  0.39 -0.62  0.50 0.65  0.43 0.00  0.37 
Socioeconomic level -40.42  36.50 -73.00 * 28.21 -13.63  68.78 -4.09  50.83 20.86  25.22 
ENT D1*Socioecon. level 1.26 ** 0.36 0.28  0.29 -0.46  0.60 -0.08  0.44 0.74 * 0.27 
ENT D2* Socioecon. level -1.57  0.76 -1.44 * 0.52 -1.15  0.81 -1.32  0.65 -1.72 *** 0.44 
ENT D3* Socioecon.  level -0.42  0.55 1.16 * 0.45 1.09  0.99 0.30  0.46 0.53  0.35 
ENT D4* Socioecon. level 0.88  0.63 1.74 ** 0.55 0.42  0.60 0.92  0.79 0.53  0.46 
ENT D5* Socioecon. level 1.84  1.04 0.22  0.75 1.65  1.46 0.78  1.08 1.34  0.67 
w/ ethnic students -60.47 *** 14.96 -29.96 ** 9.02 -62.00 ** 21.55 -11.06  11.36 -49.66 *** 9.82 
w/ conflict victims -26.29  12.15 -7.56  9.16 -2.85  14.00 -47.43 *** 8.70 -17.45 * 7.94 
Governance 0.24  0.99 -0.84  0.94 1.35  1.36 -2.24 * 0.85 -0.79  0.76 
Intercept 371.57 *** 32.95 366.62 *** 25.40 299.77 *** 72.89 295.29 *** 51.27 311.42 *** 24.58 
n 250 272 251 314 372 

***p≤0.001; ** p<0.01; * p<0.05 
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6.6 Discussion 

The results of the department-level analysis may lack the clarity of the country-level study, but 

they do provide some insights into the effects of the EN model on learning, and some limited 

support for the research hypotheses.  

The first research hypothesis related to the program’s outcomes states that EN schools are more 

effective than conventional schools in improving students’ numeracy, literacy, and civic 

competencies. Table 55 compiles the evidence from this chapter: It shows the ceteris paribus main 

estimation coefficients on EN implementation for the full index and its dimensions, for the 

multilevel and survey estimation models. Note that this does not include the effects of the 

interaction terms discussed below; ceteris paribus thus means that these are the estimated 

effects for girls in a school with the average socioeconomic level NSE1.  

The first half of the table shows what was discussed in section 6.3.3: EN implementation has no 

statistically significant effect on learning outcomes in the multilevel models, neither as measured 

by the implementation index in its entirety, nor by its individual dimensions. As was argued, this 

should not be seen as evidence for a lack of effectiveness of the EN model, given that the sample 

is small for a multilevel model in absolute terms; the largest part of the variance lies at the 

student-level where no control variables are available; and the estimation procedure used does 

not take into account the fact that data is available for as much as 50% of the reference 

population.  

The second half of Table 55 shows the estimated main effect of EN implementation based on 

survey estimation techniques, which do take into account the large relative sample size. While 

not as unambiguous as the results from the country-level study, these results largely support the 

research hypothesis. At least for the cases of civic competencies and grade 3 mathematics, as well 
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as for some individual dimensions, the estimated effect of EN implementation is positive and 

statistically significant. The coefficient is the estimated effect for a change of one percentage point 

of the implementation index. As shown in Table 56 below, this small-looking coefficient adds up 

to a large effect of implementation. The observed range of the index is about 60 points, with a 

standard deviation of 12. A girl in a school with the lowest empirically observed value of the 

implementation index can expect to score 167 points on the grade 3 mathematics exam, while a 

girl in a school with an average implementation score can expect to score 312 points, and a girl in 

a school with the highest observed score can expect to score 391 points, all other things being 

equal. In the case of civic competencies, the ceteris paribus prediction for a girl in a school with 

the lowest implementation index is 223 points, in a school with average implementation, 312 

points, and in a school with the highest observed score, 360 points. The standard errors and 

confidence intervals for these estimates are relatively large, but the low-end and high-end 

estimates clearly differ from each other. The estimated c.p. difference between a very 

conventional school and a school with a high level of EN implementation is thus 224 points on the 

mathematics grade 3 exam, and 137 points on the civics exam. As per the discussion of ICFES-

defined achievement levels (see section 4.4), this difference is enough to bridge up to two of the 

four achievement levels. In this sense, for the case of grade 3 mathematics and grade 5 civics, the 

effect of EN is even stronger in the department-level study than in the country-level study, and of 

clear practical significance. These results thus support the hypothesis that EN implementation 

matters, and that the model is a powerful tool to improve learning outcomes. The large caveat is, 

of course, that no statistically significant effect could be found for language exams, or for grade 5 

mathematics—and that the effect on grade 3 mathematics and on civics exam scores is significant 

only at the 5% level (and not at all in the multilevel model). Whether this is due to the sample size 

or to a lack of a significant effect in the population remains an open question.  
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Table 55 Overview of ceteris paribus effects of EN implementation scores in department-level study models 

 Language 
Grade 3 

Language 
Grade 5 

Mathematics 
Grade 3 

Mathematics 
Grade 5 

Civics 
 Grade 5 

RI model      
Full index 0.92  -1.60  0.79  0.41  1.23  
D1 (Training) -1.05  -0.50  -0.31  0.05  -0.54  
D2 (Classroom) 1.06  -0.56  0.46  1.31  0.24  
D3 (Community) 1.26  0.23  0.12  1.26  0.62  
D4 (Guides) -0.02  -0.13  2.27  0.26  1.05  
D5 (Roles) -1.59  0.00  -2.74  -3.78  -1.28  

Survey model           
Full index 1.34  -1.36  3.70 * 0.74  2.26 ** 
D1 (Training) -0.77  -0.31  -0.26  0.14  -0.65  
D2 (Classroom) 0.53  -2.07 ** 1.04  0.24  0.20  
D3 (Community) 1.48 ** 0.27  1.45  0.89 * 0.72  
D4 (Guides) -0.04  0.16  2.70 * 0.75  1.09  
D5 (Roles) -1.91  0.25  -4.46  -2.15  -1.52  

***p≤0.001; ** p<0.01; * p<0.05 
 

 

Table 56 Predicted test scores for girls in schools with minimum, mean, and maximum observed implementation index 
scores (all other variables set at zero), based on survey analysis model 

 Mathematics Grade 3 Civics Grade 5 
 Margin Std.Err 95% Conf. Interval Margin Std.Err 95% Conf. Interval 
Minimum 166.6 55.1 54.3 278.9 223.2 29.1 165.0 281.5 
Mean  312.1 18.0 274.9 349.4 312.2 7.7 296.7 327.7 
Maximum 390.7 40.0 307.4 474.0 360.3 14.9 330.3 390.2 

 

 

Table 55 also helps to assess the effect of EN implementation in the individual model dimensions. 

No effect is found in the multilevel models. In the survey estimation models, three out of the five 

dimensions have a statistically significant effect in at least one area or grade. The results suggest 

that implementing the community-relations elements of the model improves scores in language 

grade 3 and mathematics grade 5, that implementing the learning guides improves mathematics 
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grade 3 scores, and that implementing classroom organization elements decreases grade 5 

language scores. This variation will be discussed below in the context of interaction terms. 

The second research hypothesis posited that the effect of EN is stronger for children from 

disadvantaged socioeconomic backgrounds (or, in other words, that the effect of socioeconomic 

status is smaller in EN schools than in conventional schools). A significant and negative coefficient 

on the interaction term of EN implementation and socioeconomic status is required to reject the 

null hypothesis of no difference. The estimation coefficients on the interaction term for the 

different models are combined in Table 57 (together with estimated main effect of socioeconomic 

level). Again, the overview shows that the null hypothesis fails to be rejected based on the 

multilevel models, but can be rejected for some specifications of the survey estimation models, 

namely, again for grade 3 mathematics and civics (in the case of the full implementation index). 

The estimated exam score differences between students in schools of different average socio-

economic levels and different levels of EN implementation are summarized in Table 58. The 

baseline is a student of the lowest socioeconomic level and implementation score; the differences 

in the index refer to a change in the implementation index of one or two standard deviations (i.e., 

11.8 and 23.6 points). The table shows that students in schools with the lower two socioeconomic 

levels tend to do better with a higher level of EN implementation, while the opposite is the case 

for students in schools of higher socioeconomic levels. The difference is particularly large for the 

most disadvantaged students. As already discussed in the country-level analysis, it is not possible 

based on the available data to distinguish the effect of an individual student’s socioeconomic 

status from the effect of a school’s average. However, the strong effect that EN implementation 

has in schools with the lowest average socioeconomic level supports the second research 

hypothesis: For the case of mathematics grade 3 and civic competencies, the null hypothesis of 

no effect of socioeconomic status can be rejected. 
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Table 57 Overview of ceteris Paribus effects of EN implementation-socioeconomic level interaction terms in department-
level study models 

 Language 
Grade 3 

Language 
Grade 5 

Mathematics 
Grade 3 

Mathematics 
Grade 5 

Civics 
 Grade 5 

Main effect of socioeconomic level 
RI models           

Full index 14.20  -53.19  19.17  -24.29  67.52  
Dimensions -48.68  -110.05  60.38  8.96  63.41  

Survey models           
Full index 56.13 * -32.40  122.07 ** 33.30  113.43 *** 
Dimensions -36.32  -116.10 * 102.42  27.09  73.04  

Interactions of implementation and socioeconomic level 
RI models      

Full index -0.16  1.70  0.05  0.23  -0.85  
D1 (Training) 1.23  0.40  1.10  0.73  0.45  
D2 (Classroom) -1.63  -0.86  -0.40  -1.01  -0.82  
D3 (Community) -0.87  0.61  -0.64  -0.55  0.11  
D4 (Guides) 0.90  1.43  -2.70  -0.75  -0.92  
D5 (Roles) 1.78  0.85  4.04  2.69  1.64  

Survey models           
Full index -1.11  1.22  -2.88 ** -0.59  -2.09 *** 
D1 (Training) 1.28 ** 0.43  0.80  0.27  0.62  
D2 (Classroom) -1.15 * 0.21  -1.29  -0.84  -0.79  
D3 (Community) -1.02 * 0.64  -0.79  -0.06  0.03  
D4 (Guides) 0.21  0.59  -3.67 ** -0.63  -1.31  
D5 (Roles) 2.09  0.84  6.35 ** 1.94  2.06 * 

***p≤0.001; ** p<0.01; * p<0.05 
 

 

Table 58 Estimated joint marginal effect of socioeconomic status and a one- and two-standard deviation change in the 
EN implementation index, based on survey analysis model (department-level study) 

 Mathematics Grade 3 Civic Competencies Grade 5 
 Low index ENI +1SD ENI +2SD Low index ENI +1SD ENI +2SD 
NSE1 (baseline) 43.7 87.3 (baseline) 26.7 53.3 
NSE2 122.1 131.7 141.4 113.4 115.4 117.4 
NSE3 244.1 219.8 195.5 226.9 204.2 181.5 
NSE4 366.2 307.9 249.6 340.3 293.0 245.7 

 

 

The joint effect of EN implementation and socioeconomic level differs by index dimension. In the 

case of grade 3 mathematics, where the interaction term of the overall index was negative and 
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statistically significant, the same effect can be confirmed for dimension four (learning guides)—

implementing this element is particularly beneficial in schools with low average socioeconomic 

status. However, the interaction term is positive for dimension five (roles of students), which is 

also the case for civics exams. This particular dimension of the model may thus be beneficial only 

for students in schools with higher average socioeconomic status.  Interestingly, the interaction 

between teacher training and socioeconomic status is also positive for grade 3 language, 

suggesting that here, too, teacher training has a strong positive effect (only) in schools with higher 

average socioeconomic levels. Two other dimensions (classroom organization and community 

relations) have the expected negative effect for grade 3 language.  

Finally, the third research hypothesis posits that the EN model helps to diminish the differences 

between genders. Table 59 shows that no relationship between gender and implementation can 

be established based on the multilevel model, and that the survey estimation results provide 

some evidence that the EN model is particularly beneficial for girls. The estimations, based both 

on the full index and on the index dimensions, show statistically significant better results for boys 

in mathematics grade 3, and the estimations based on the full index shows better results for girls 

in civic competencies. At the same time, the interaction term based on the full index has a 

negative sign only for civics. In this specification, the EN model thus benefits girls but increases 

gender differences. When disaggregating the EN effect into its five components, the significant 

interaction terms are negative for dimension one (training) in grade 5 language and mathematics, 

for dimension three (community relations) in mathematics grade 3, and for dimension four 

(learning guides) in language grade 3. Only in one dimension do the results favor boys, namely, in 

the case of classroom organization for both language exams.  
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Table 59 Overview of ceteris Paribus effects of EN implementation-gender interaction terms in department-level study 
models 

 Language 
Grade 3 

Language 
Grade 5 

Mathematics 
Grade 3 

Mathematics 
Grade 5 

Civics 
 Grade 5 

Main effect of male 
RI models           

Full index -20.28  -20.49  31.03  16.70  -19.81  
Dimensions -2.00  5.59  49.05  21.62  -10.02  

Survey models           
Full index -12.34  -14.42  35.20 * 15.41  -17.60 * 
Dimensions 9.00  15.82  52.08 * 28.41  -5.80  

Interactions of implementation and male 
RI models      

Full index 0.08  -0.28  -0.80  -0.34  -0.43  
D1 (Training) 0.41  -0.75  -0.32  -0.52  0.14  
D2 (Classroom) 0.72  1.01  0.37  0.16  -0.09  
D3 (Community) 0.06  -0.56  -0.29  -0.64  0.04  
D4 (Guides) -1.48  -0.38  -0.33  -0.03  -0.60  
D5 (Roles) 0.49  -0.28  -0.66  0.72  0.26  

Survey models           
Full index -0.11  -0.31  -0.94  -0.28  -0.46 * 
D1 (Training) 0.24  -1.00 ** -0.24  -0.67 ** 0.07  
D2 (Classroom) 0.87 * 1.08 * 0.78  0.46  0.02  
D3 (Community) -0.33  -0.55  -1.06 * -0.51  -0.02  
D4 (Guides) -1.18 * -0.49  -0.08  -0.33  -0.52  
D5 (Roles) 0.06  -0.07  -1.20  0.66  0.01  

***p≤0.001; ** p<0.01; * p<0.05 
 

 

In short, evidence for the third hypothesis is mixed, though there is some indication that EN 

implementation does favor girls. Given that the main effect is not significant in many of the 

specifications, it remains unclear whether the model has thus an equalizing or an un-equalizing 

effect for differences in learning outcomes between boys and girls.  

There is a potential sample selection bias arising from using only data of schools that correctly 

reported testing results, which means that this analysis is based on data from generally higher-

quality schools. As already discussed on several occasions in this dissertation, this probably leads 

to an overestimation of the effect of the EN model as well as of its potential to reduce the 
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socioeconomic achievement gap. The respective true effects in the population might thus be 

smaller than suggested by this analysis, though given the large size of the coefficients it seems 

unlikely that overall school quality alone can explain all of the variation.   

All put together, the department-level analysis shows that the EN model, if properly implemented, 

can indeed improve learning outcomes, at least in grade 3 mathematics and civic competencies. 

It is important to remember that for language and grade 5 mathematics, there is no evidence that 

the model does not improve learning outcomes, or that learning outcomes are better in 

conventional schools – the data simply does not allow one to draw conclusions about differences 

between the models for these areas. The implications of these findings, as well as the need for 

further research, will be the subject of the next, and final, chapter.  
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7 Concluding Discussion 

This final chapter provides a concluding discussion of the research project. First, section 7.1 offers 

a synthesis of the study’s findings, bringing together the main conclusions from each of the study 

sections. Then, section 7.2 discusses the limitations of the research by describing threats to 

internal and external validity. Section 7.3 lines out areas for future research. Finally, section 7.4 

gives policy recommendations based on the findings.  

7.1 Synthesis of findings 

The starting point for this study was a puzzle about the Colombian primary school system: How 

can it be that learning outcomes, as measured by international standardized tests, are so poor, 

while at the same time the country prides itself with the development of a progressive, student-

centered school model, Escuela Nueva, that has been in place for decades and is used in half of 

the country’s primary schools? There are only two possible explanations: Either the EN model is 

not as effective as it is portrayed to be, or it is not being used as extensively as suggested.  

Two sets of questions thus needed to be answered. The first one is related to the extent of EN 

program implementation: How many schools actually use the model, compared to the number of 

schools that report using it? How faithfully are the individual elements implemented, and which 

elements are adapted or left out? And how different are EN schools in practice from conventional 

schools? The second set of questions asks if learning outcomes are better in EN schools than in 

conventional schools—in general terms, and specifically, given the persistent achievement gaps 

in the country, for children from disadvantaged socioeconomic backgrounds and for girls. The 
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study employed a mixed methods design to answer these questions, with a strong focus on 

quantitative multilevel modeling. The analysis was based on secondary data on learning outcomes 

(the standardized test Pruebas SABER, administered to all 3rd and 5th grade students in 2013); 

administrative data, which includes an official Escuela-Nueva classifier; and primary data on 

program implementation that was collected from a representative sample of rural schools in one 

Colombian department, Quindío.  

7.1.1 Program implementation 

The results of the implementation evaluation show that there are indeed large differences in 

classroom practices across the department that was studied. Even though most of Quindío’s rural 

schools are officially classified as EN schools, they implement, on average across schools, just over 

60% of the model’s elements. Implementation varies between the different aspects of the model, 

too. While the model dimensions “classroom organization” and “roles of students” are 

implemented comparatively faithfully (72% and 73% of the respective elements are being used 

on average across schools), in other elements of the model there is a larger departure from the 

ideal-typical EN. Most prominently, departures are seen in the dimension “teacher training and 

support”, where only 43% of elements are in place across schools, and in the dimension 

“community relations”, where 57% of the elements are being used. In the remaining fifth 

dimension, “learning guides”, schools typically use 66% of the elements.  

Schools that are officially classified as EN do, in fact, implement a larger share of the model’s 

elements than conventional schools, but variation within each group is very large and the 

difference in means is small (62% versus 51% of the elements). The difference between the groups 

is weakly statistically significant. In the individual model dimensions, the difference between EN 

schools and conventional schools is particularly pronounced in the dimension “classroom 
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organization” and “community relations” (with a difference of 21 and 13 percentage points, 

respectively)—these are the only dimensions where the school types are distinguishable 

statistically. These findings support the evidence presented by earlier studies (McEwan 1998; 

Forero-Pineda, Escobar-Rodriguéz, and Molina 2006) that found that EN schools are more likely 

than conventional schools to use EN methodologies, but that the difference between the school 

types is not clear-cut.  

The qualitative evidence backs up the finding that model implementation is very heterogeneous. 

Additionally, it shows that the ways in which the same elements are being used in different 

schools, and the reasons for why they are being used (or not used), vary widely. EN sets out to be 

a flexible toolbox for teachers, and invites adaptations to the model to accommodate local 

necessities. However, flexibility in the implementation does not mean that “anything goes”. Not 

every adaptation by a teacher can automatically be assumed to be based on local necessities, or 

to be coherent with the rest of the EN model. The wide range in which some of the EN instruments 

are being used even within the small qualitative sample raises the question of what exactly 

constitutes the use of the tools in coherence with the EN model, i.e., where the line is to be drawn 

between an appropriate local adaptation and the failure to use the model correctly. A clear and 

detailed description of what the model entails, together with explanations about how each of the 

model’s elements fit into the overall model and what their specific roles, is lacking. 

It is telling in this context that the dimension “teacher training and support” is the one with the 

largest deficit in proper implementation. Arguably, adequate teacher training and in-service 

support has to be the cornerstone of the program: How else can a teacher know how to 

adequately use the program elements, what their purposes and key features are, and how they 

can be adapted without giving up on the role they play within the EN package? This is not to say 

that teachers need to be drilled to be mechanical executors of the EN model. Still, they need a 
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functional training and support system that allows them to effectively take advantage of the EN 

model to deal with the wide range of challenges that come with teaching in rural schools.  

Put together, the empirical evidence clearly supports the hypothesis that the model is not being 

properly implemented, and backs up the assertion that the official EN classifier is not a precise 

way of identifying EN schools. It also reveals that variation in program implementation is even 

larger than suggested by previous studies, given that for virtually every element of the model, 

there is variance in the way in which it is being used.  

7.1.2 Learning outcomes 

The second set of questions asked how the EN model affects learning outcomes. This study 

adopted several strategies to answering these questions. On the one hand, learning outcomes 

were analyzed on the national level based on the exam scores of a total of over 810,000 students 

in 21,235 schools, using the official EN classifier to identify EN schools. On the other hand, learning 

outcomes were also analyzed for the department of Quindío based on a sample of 76 schools 

(around half of the department’s rural primary schools) and 1,068 students, identifying EN schools 

with the EN implementation index constructed from the primary data on program 

implementation.  

Results from the two levels of analysis are largely coherent: the EN model is indeed associated 

with improved learning outcomes, controlling for a range of other factors of influence. For the 

country-level analysis, a statistically significant positive effect was found for all grade levels and 

subject areas under study (language grades 3 and 5; mathematics grade 3 and 5; and civic 

competencies grade 5). Country-wide, the expected ceteris paribus difference in exam scores 

between a student in an EN school and a student in a conventional school is between 10 and 23 

points, depending on the exam (the mean score in the sample is close to 300 points for all exams, 
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the standard deviation is around 75 points). This effect is comparable in size with the effect of the 

difference of one socioeconomic level (out of four official socioeconomic levels), and up to a third 

of the size of the distance between two achievement levels as defined by ICFES. When using the 

EN implementation index instead of the official EN classifier, the effect is even stronger. The 

expected ceteris paribus difference in exam scores between a girl in a school with a very low 

implementation index and one in a school with a very high implementation index is between 140 

and 220 points, which is an enormous difference that is enough to bridge two achievement levels.  

That being said, in the department-level study based on the implementation index, the effect of 

overall EN implementation was only significant in grade 3 mathematics and grade 5 civics. This is 

not to say that no effect exists in the other areas; there is also no evidence that students in EN 

schools perform worse. The lack of a significant effect in the other grades and areas may just be 

due to limitations of the dataset—a hypothesis that is supported by the fact that other variables 

generally known to have an effect, such as gender or socioeconomic level, also lack significance 

in the other grades and areas. However, it cannot be ruled out that the significance of the EN 

effect in other grades or areas at the country-level is due to the poor identification of EN schools, 

and disappears once actual program implementation is taken into account.  

Because of some of the limitations of the database (see discussion on limitations below), the 

estimated effect of the EN model on learning outcomes is likely to be biased upwards: Data is 

available only from schools that managed to report them properly, and it seems likely that EN 

schools are of higher quality even before implementing the EN model. That implies that the 

estimated effect of the EN model may be confounded with the effect of higher-quality schools, 

and the isolated effect of the EN model may be smaller than suggested by the analysis.  
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The finding that the EN model helps to improve learning outcomes confirms previous studies on 

the model that came to similar conclusions (for academic achievements: Rojas and Castillo 1988; 

Velez 1991; Psacharopoulos, Rojas, and Velez 1992; McEwan 1998; additionally for civic 

competencies: Pitt 2002; Forero-Pineda, Escobar-Rodriguéz, and Molina 2006). Apart from 

updating these dated studies, adding evidence about the effect of actual program 

implementation, and extending the analysis to the level of the whole country, this study provides 

several important insights about differences in the effect of EN across Colombia. Specifically, the 

country-wide multilevel analysis revealed significant differences in the effect of the EN model on 

learning across municipalities and across departments. The estimated differences in the slopes 

are considerable: Holding everything else constant, the effect of EN schools varies across 

municipalities with a standard deviation of 18 points. In practice that means that in 95% of 

municipalities the effect of EN on grade 3 language scores lies between -21 and 51 points. In other 

words, there are municipalities where students in EN schools perform worse than students in 

conventional schools (other things being equal), but there are also municipalities where the score 

difference for students in the different school types is very large in favor of the EN model. A similar 

effect is found for departments, at which level the EN effect varies with a standard deviation of 9 

points: in two thirds of the departments, the effect of being in an EN school amounts to a 

difference in language grade 3 exam scores of between 6 and 24 points. These are considerable 

variations across departments and municipalities, which suggest that local policies and support 

for the EN model may matter a lot for the success of the model. Unfortunately, no data was 

available to further investigate what determines the size of the municipality- or department-level 

effect of the EN model. A preliminary analysis suggests that the EN effect tends to be stronger in 

departments with a longer history of program implementation, and weaker in departments 

without support for the model, though the correlation is far from clear.  



234 
 

  

Colombia’s education system is marked by large achievement gaps between students from 

different social backgrounds. Improving the equity of the system is not just an important objective 

from the perspective of global development, but also one of the pronounced goals of the Ministry 

of Education (Ministerio de Educación Nacional de Colombia 2016). The second part of the 

research question related to program outcomes addresses this issue and asks whether the EN 

model helps to diminish the differences between children from different socioeconomic 

backgrounds, or, put differently, whether the effect of the EN model is particularly strong for 

children of lower socioeconomic levels. This indeed seems to be the case: Both in the country-

level study and in the department-level study, the predicted exam score for students in schools 

of low average socioeconomic level is higher if the school implements the EN model, but the 

respective expected score is lower for students in schools with high average socioeconomic level. 

The important caveat here is that the data only allows for the identification of socioeconomic 

status at the school-level; the effect at the level of individual students need not necessarily be the 

same (this would be a potential ecological fallacy). That being said, if a school’s average 

socioeconomic level is very low, it implies that the majority of students in that school need to be 

of that low socioeconomic level. Also note that at the department-level the effect is only 

significant for grade 3 mathematics and civic competencies, with the same implications discussed 

above.  

As was the case for the main effect of the EN model, the finding that EN helps reduce 

socioeconomic achievement gaps may be partly the result of cofounding with the effect of higher-

quality schools. The true effect of the interaction of EN and socioeconomic status may thus be 

smaller than suggested by the estimation results presented in this study.  

Socioeconomic background is not the only source of achievement gaps. As was depicted in Figure 

2 on page 9, there are also considerable differences between genders. The question is thus 
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whether the EN model helps to diminish these gender gaps. The answer is affirmative only in the 

case of the country-level study, where the model benefits boys more in areas where girls typically 

score better (language and civic competencies), and it benefits girls more in areas where boys 

tend to do better (mathematics). This is in line with the model’s mission to address the specific 

needs of every child. A similar effect could not be confirmed for the department-level study; here, 

the effect of the model differs between boys and girls only in civic competencies, where it 

increases the advantage of girls. As before, this lack of a significant, equalizing effect in 

comparison with the country-level study might be due to the limited statistical power of the 

department-level study, to a different population effect for the case of Quindío, or to the fact that 

the effect found in the country-level study is actually an artefact of improper EN-identification.  

Some additional insights can be gained from the department-level study by disaggregating the 

overall implementation index into its five dimensions (teacher training, classroom organization, 

community relations, learning guides, and roles of students). Practically, this endeavor is limited 

by the relatively small amount of available observations and the fact that estimating the effect of 

individual dimensions while controlling for implementation of the other EN elements requires 

many degrees of freedom, especially when interactions with socioeconomic level and gender are 

introduced. With that in mind, there is some evidence that the effect of individual dimensions 

might vary. For instance, the main effect of the dimensions “community relations”, “classroom 

organization”, and “learning guides” seems to be positive in at least one grade or area. However, 

the main effect of “roles of students” is estimated to be negative in one case (grade 5 

mathematics). The main effects of the individual dimensions are in some cases modified by 

interactions with socioeconomic level and gender. The dimensions “Classroom organization” and 

“learning guides” seem to be particularly beneficial for students in schools of lower average 

socioeconomic levels, while “teacher training” and “student roles” seem to be particularly 
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beneficial for students in schools of high average socioeconomic levels. Similarly, higher 

implementation of the elements of “teacher training” and “student roles” seem to benefit girls 

more, while higher implementation in the dimension “classroom organization” benefits boys 

more. All of the discussed dimension effects are, however, only based on one or two significant 

effects per dimension (for instance, in grade 5 mathematics and language, but not in other areas 

or grades). Additionally, robustness tests which used only information provided by students or 

only information provided by teachers confirmed only some of these effects, while modifying 

others. Therefore, the dimension-based results need to be taken with sufficient caution.  

In conclusion, the study found support for all of its hypotheses relating to the effect of the EN 

model on learning outcomes: The model does indeed have a positive effect on test scores; the 

effect is stronger when considering actual implementation levels instead of the imprecise official 

classifier; the model tends to benefit students in schools of lower socioeconomic level more than 

students in schools of higher socioeconomic level; and the model tends to decrease differences 

in achievement scores between genders, though this last effect could not be confirmed in the 

department-level study.  

There is a list of caveats to consider which may limit the validity of these results. A discussion of 

these limitations is the goal of the next section.  

7.2 Limitations 

Some of the limitations of previous research on the topic could be addressed, but a number of 

issues remain. These can be grouped into threats to internal validity and threats to external 

validity, and are discussed in the following pages. 



237 
 

  

7.2.1 Threats to internal validity 

Internal validity refers to the extent to which causal conclusions can be drawn based on a study 

design. For the quantitative part of the study, major limitations in this sense relate to possible 

endogeneity, the reliance on a mix of data sources, sample selection, omitted variables, and the 

implementation measurement instrument / identification of program implementation. 

First, the research design does not preclude the possibility that the choice of schools is 

endogenous, i.e. that students with specific characteristics self-select into certain school models, 

or perhaps more relevant, that schools or teachers with certain characteristics are more likely to 

adopt the EN model. If school choice on part of the students is not random, not being able to 

control for a students’ ability upon entry and other unobserved characteristics may overestimate 

the effect of the school. However, the actual school choice for students is limited in many areas 

(especially in rural areas where schools are small and distances are large, students do not have 

the practical choice between going to an EN or to a conventional school). Therefore, endogeneity 

may not be a major issue on the student-level at least for rural areas. It is, however, likely to be 

an issue on the school-level: Whether or not a school implements the EN method, and to what 

extent, is not randomly determined, but a result of the decision of the teachers, local authorities, 

regional policy makers, and the pressure from other stakeholders. Hence, it is likely that EN (and 

EN teachers) are different in observed and unobserved ways from conventional schools even 

before the program is being implemented. This implies that the statistical effects that were found 

may not actually be an indication of the causal effect of the EN model in improving learning 

outcomes. Rather, they may reflect differences that were already in place.  

The available data does not allow for drawing firm conclusions about the effect of the potential 

endogeneity. However, it is possible to make some statements about the likely direction of biases 
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in estimates that may arise from it. This discussion parallels the discussion of a potential sample 

selection bias resulting from the fact that a large number of schools had to be excluded from the 

analysis due to reporting errors (see Annex A, section 1.2 for details). Essentially, it seems likely 

that schools implementing the EN model are higher-quality schools to begin with (counting with 

better motivated teachers, for instance). This would indicate that the effect of EN implementation 

might be overestimated (due to confounding with high school ex-ante school quality). 

Additionally, schools of higher average socioeconomic level are likely to be schools of better 

unobserved quality. As socioeconomic status is also correlated with better learning outcomes, the 

effects of socioeconomic status and of its interaction with EN implementation are probably 

overestimated, again due to confounding the effect of EN with the effect of school quality.  

Second, a major limitation arises from the fact that this project relies on the combination of 

primary and secondary data sources. In particular, this is an issue for the department-level 

analysis which takes the Pruebas SABER test results as a starting point for the collection of 

additional data on program implementation. The result is time inconsistency in the data: The 

Pruebas SABER results are from 2013, while the data on program implementation was collected 

in 2016. On the one hand, this means that most of the students who took the exams in 2013 had 

already graduated by the time the implementation data was collected. On the other hand, the 

school model and the teaching methods could have potentially changed over this period. This 

concern is particularly important in the more remote rural schools, where teacher turnover seems 

to be high (according to anecdotal evidence from the field work).  

Third, there are some issues of potential selection bias – a first set arising from missing school-

level identifiers in the ICFES datasets, and a second set arising from the primary data collection. 

As discussed in detail in Annex A, a significant share of observations in the ICFES database cannot 

be allocated to a specific school (branch) because of irregularities in the reported exam scores. 
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These observations needed to be dropped from the study (because no EN identification is 

possible). The analysis in the annex suggests that the respective observations are not simply a 

random sample of all observations, but that information from school branches of educational 

institutions with certain characteristics (rural, public, lower socioeconomic level, lower average 

test scores, etc.) is more likely to be missing. This, in turn, means that the estimation coefficients 

are likely biased, because the unobserved factors responsible for the missing data 

(“administrative capacity”) are most likely correlated with learning outcomes and explanatory 

variables such as the EN identifier. As discussed in detail in the annex as well as above in the 

context of possibility endogeneity, the direction of the bias depends on whether EN schools are 

more or less likely to be missing from the sample than conventional schools (i.e., whether 

administrative capacity and likelihood of being an EN are positively or negatively correlated). It 

seems likely that administrative capacity and EN implementation are positively correlated, leading 

to a positive bias in the estimated effect of the school model. In addition, selection bias in a 

multilevel setting means that fixed and random effects at different levels may be affected 

differently, which makes it even harder to understand the direction of a possible bias. The second 

source of selection bias arises from the data collection process. In some cases, data could not be 

collected in sampled schools, either because the school could not be located, or because the 

principal or the respondents did not consent to participate in the data collection. This may add an 

additional layer of bias if non-participation is not random. Schools with a higher implementation 

level may be more likely to participate in a research project about EN than conventional schools. 

Fourth, apart from a potential sample selection bias, the estimates may also be affected by an 

omitted variable bias. The share of overall variance in test scores that can be explained by the 

model is small in all specifications. In particular, this is the case for between-student variance (as 

opposed to between-school, between-municipality, or between-department variance), which is 
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responsible for most of the differences in test scores across students. If student characteristics 

that affect learning outcomes were equally distributed across schools, municipalities, and 

departments, this would not be a problem—but unfortunately, that is unlikely. As it is, omitting 

student characteristics from the model most likely produces biases.  

Fifth, there is a range of issues with this study’s approach to measuring EN implementation. The 

survey instrument that was used was developed by FEN. Using this instrument is justified by an 

attempt to base the research on an “official” definition of the EN methodology. However, while 

the survey instrument is intended to capture the degree of implementation and thus differences 

between EN and conventional schools, the resulting focus on EN methods may make the 

questionnaire less relevant to non-EN schools that use alternative, progressive teaching styles, 

which may go unnoticed. Thus, the resulting group of “conventional schools” may seem more 

homogenous that what it actually is, and thus a distinction between EN and conventional schools 

may be misleading.  

Another issue related to the measurement of EN implementation is that the field work suggested 

that teaching practices are not necessarily stable over time in the same school, not even over 

relatively short periods of time. For one thing, reported teacher turnover is high, as most young 

teachers start out in the most distant schools but try to secure a teaching assignment in a village 

or city as soon as possible. At the same time, “student turnover” is high: It is common for students 

to change school several times over the course of their primary school career, moving around 

with parents who are seasonal farm workers. Furthermore, the school system itself may change 

often and rapidly. An anecdote from the quantitative data collection illustrates this point: One 

Thursday, a circular was sent out to all teachers (including the field work team of this project, who 

all are teachers) informing them that starting Friday, i.e. the next day, the school day would end 

two hours earlier because the budget for school lunch had run out. It is telling that none of the 
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field workers were surprised or impressed. Against the background of a high level of fluctuations 

in schools, a spotlight measure of EN program implementation can thus only give a limited 

impression of the classroom experiences of students. A related concern is that there is no way to 

measure the time period over which students were exposed to EN methods, as the extent of 

implementation may change over time (or students may change schools). Clearly, the period of 

program exposure can be expected to have an influence on the effect size.  

Sixth, there may be a bias arising from teachers (or, probably to a lesser extent, students) 

providing what they perceive as acceptable or desirable answers. For instance, EN teachers may 

know that the EN pedagogy stipulates that students work in pairs or groups for most of the time, 

but for some reason have their students work individually more often. They may still over-report 

group work time in order to comply with EN’s guidelines, which would skew results. Two 

strategies were used to minimize this problem. First, teachers were assured that the results are 

anonymous and teachers are not evaluated individually based on their answers. Second, the 

results were triangulated through student surveys, as students may have fewer incentives to 

misreport classroom practices. Still, reports from the field workers indicate that the problem may 

persist. For instance, a field worker noted that certain EN elements were not posted on the wall 

of a classroom even though the respective teacher said they were. 

 

There are also some limitations related to the qualitative part of the research. First, there are 

some limitations in the sampling process. Qualitative sampling methods typically call for iterative 

sampling where subsequent schools should be added to the sample until theoretical saturation is 

reached. This strategy is logistically demanding, though, as it requires a high degree of spatio-

temporal flexibility on behalf of both the researcher and the research subjects. For these reasons, 
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the sample size for the qualitative component of the project was determined ex-ante. The results 

of the interviews and observations suggested a high level of variation between schools, with new 

insights gained in each additional school that was visited. This means that qualitative saturation 

was not reached.  

Second, the research design contained an element of participatory observations. Due to resource 

constraints, little time was spent at each school to conduct these observations (typically 2-3 

hours). This time period may be too small to observe the actual every-day school life for various 

reasons. For instance, teachers and principals may want to present themselves and their schools 

from their best side; or children may be either excited about or intimidated by the visit of a 

stranger and thus not be “their true selves”. In fact, in at least one of the schools the students had 

never before received a visitor from outside of Colombia, which made the data collection 

resemble an event more than a regular school day.  

7.2.2 Threats to external validity 

In quantitative research designs, external validity refers to the extent to which findings of a study 

are generalizable to other situations, people, or institutions. In qualitative designs, the term 

transferability refers to a similar concept, namely, to the extent to which the findings can be 

transferred to similar situations, people, or institutions. For a research project this limited in size 

and budget, these goals are hard to achieve. In order to assure the highest possible level of 

internal validity, certain steps are taken to limit outside influences that may interfere with causal 

interpretations. Unfortunately, this implies reduced external validity and transferability. 

Specifically, there are three major limitations. 

First, a small sample size is obviously related to a decreased degree of generalizability. This is of 

particular concern to the department-level analysis. While the sample accurately represents 
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Quindío’s rural primary schools, it is unclear how the results can be transferred to other 

Colombian departments, let alone to other countries. The country-level study suggested large 

differences between departments with regard to influences on learning outcomes in general, and 

with regard to the effect of the EN model in particular. Thus, the conclusions from the 

department-level study may not be fully applicable to other departments.  

Second, in an attempt to improve the practical feasibility of the project, the sample for the 

department-level study was limited to defined sub-sets of the primary school population: to 

specific departments, to rural schools, to a region with a long history of EN-implementation, to an 

area with comparatively good access and low levels of violence, etc. Generalizability to other 

schools outside of these subgroups is necessarily limited, as many intervening factors (such as 

cultural, political, or economic differences) may completely change the program’s effect.  

Third, there are some shortcomings related to construct validity. Construct validity refers to the 

extent to which a test or instrument measures what it claims to be measuring. As the research 

design relies on outcome data from the Pruebas SABER database, schooling outcomes are 

measured only by scores in a set of standardized tests. This approach to capturing quality of 

education is superior to simple attendance and input measures, but it does not necessarily gauge 

the acquisition of skills and knowledge that are relevant to a student’s life, or any other long-term 

benefits to the student. In the end, what is truly of interest is not whether students in EN have 

higher test scores than their peers in conventional schools; it is whether EN is better in preparing 

students for the challenges they will face in life. Comparing how EN graduates do later in their 

lives (relative to graduates from conventional schools) may thus be an interesting alternative way 

to evaluate the school model, yet collecting appropriate data was not part of this research project. 

In fact, FEN needed to dismiss the plan for such a study because of the impossibility to track down 

an adequate sample of graduates. Standardized test scores are unfortunately the best widely 
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available quality-of-school measure at the moment. Generalizing from EN’s impact on average 

test scores to the model’s impact on learning outcomes in general may be problematic. 

7.3 Future research 

Although this project answers important questions, some issues remain unresolved, and others 

have emerged over the course of the project.  

A first area of future research is a more in-depth investigation of teaching practices in EN (and 

conventional) schools. In order to better understand how the model is being used in practice and 

where adaptations might be necessary, a more detailed study on the use of the individual 

instruments is necessary. In particular, it is important to understand how teachers use the model’s 

elements, and why they choose to use, not use, or adapt certain features. This understanding will 

help improve the efficiency of the model. In this context, a larger, more focused study on the 

effects of the different parts of the model would help to obtain a better understanding of which 

of the model’s elements to focus on and of the room for adaptations.  

Relatedly, the role of teacher training for the accurate implementation of the model needs to be 

investigated more closely. While it seems logical that teacher training and support are the basis 

for implementing the other parts of the model, the results of the department-level analysis of test 

scores did not point to an outstanding effect of this dimension of the implementation index. 

Nevertheless, the qualitative analysis indicated that teachers may feel left alone with the model 

and its challenges, and thus not be able to benefit from the methodology for their work as much 

as possible.  

A second area of future research is the role and use of technology in EN classrooms. The 

qualitative data collection revealed that most schools are equipped with tablet computers. They 

seem to be used in a variety of ways: as research tools, as a substitute for missing printed learning 
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guides (by simply working with scanned digital versions of the guides), to play educational games, 

and more. EN, as a student-focused school model, may lend itself even more than conventional 

instruction to the effective use of digital learning content. With the large variety of free or low 

cost educational content available on the Internet, integrating technology into a multigrade EN 

classroom where every student works at their own rhythm seems like a logical step. Research is 

necessary in order to understand how technology is currently being used in schools, and in order 

to assess the potential of a “digital Escuela Nueva”. 

There are not only open questions about implementation at the school-level, but also at the 

municipality- and department-levels. The multilevel analysis has clearly shown that there are 

differences across the country with regard to the effect that the EN model has on learning 

outcomes. More specifically, there seems to be some correlation between political support and a 

stronger effect on learning outcomes. However, there are departments with low levels of political 

support and above-average effects of the model, and vice versa. A better understanding of what 

drives these differences can help improve the program’s efficacy.  

One of the largest limitations of the dataset used for this study is the lack of any student-level 

explanatory variables besides gender. Still, the analysis of variance showed that differences 

between students are responsible for at least half—in most cases even more—of  the total 

variance in exam scores. There is some research about student-level factors that influence 

learning outcomes in Colombia, but little is known about the student-level factors in the context 

of the EN model. This is a particular shortcoming for a model that promotes student-centered and 

personalized learning.  

Outcomes of the EN model beyond test scores (or school behaviors) are another topic where 

much more research is necessary. What happens with EN graduates later in life, compared to 



246 
 

  

students of conventional schools? Do the skills that they (supposedly) learn at EN, such as self-

responsibility, learning to learn, comprehension and problem solving skills, etc., help at higher 

education levels and later in life? Are EN students more likely to graduate high school, or go to 

university? Are they less likely to live in poverty, and more likely to have stable employment? And 

are they more likely to be active and informed citizens? These questions pose many challenges 

for a research design, yet the answers to them are crucial to evaluate the true benefits of the EN 

model. 

Finally, this study did not address the issue of costs. The model was found to be more effective 

than conventional schools in improving learning outcomes, but apart from a rough estimate from 

almost three decades ago and an indirect study of efficiency through modeling production 

possibility frontiers from two decades ago, there is no information on the efficiency of the model, 

i.e., on how costs compare between the school types. Clearly, this type of information is crucial 

for policy decisions.  

7.4 Policy recommendations 

The results show that the EN model helps to improve learning outcomes, especially for children 

from disadvantaged backgrounds. The main policy recommendation is thus clear: the proper use 

of the model should be promoted and politically supported. In more specific terms, that means: 

 Clearly spell out the key elements of the model and their roles and purpose within the 

overall EN approach. The field work revealed different interpretations of what EN entails. 

While the model needs to maintain a certain flexibility to be able to address specific local 

conditions, a clear definition of the EN package is crucial for effective program scale-up. 

Focusing on specifying the purpose of each EN element and its relationship to other parts 
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of the model (as opposed to focusing on the operational details of each element) can help 

to replicate the model up in a more effective manner while maintaining adaptability.  

 Provide funding for the necessary learning resources. The department-level case study 

showed a lack of sufficient learning guides for each student and subject area, or a lack of 

up-to-date learning materials. This is despite the fact that learning guides are 

continuously updated by Fundación Escuela Nueva in cooperation with different 

departments.  

 Provide funding for teacher training workshops. EN pre-service and in-service workshops 

are designed to complement formal teacher training and to help teachers understand and 

appreciate the EN methodology in a hands-on, learning-through-experience setting. 

There are only a handful of workshops that teachers should complete, each a week long 

or less, which is not much time compared to the resources already spent on formal 

teacher training. It would be an investment that pays off if it helps to better implement 

the EN model.  

 Provide support and resources for in-service teacher support systems. Ongoing support 

for teachers is a key feature of the EN model. At least in the department under study, 

monthly teacher gatherings (micro centers) and mentoring visits to school are not always 

taking place. While these are not highly resource-intense features, support from the 

Secretaries of Education and/or municipalities for the organization and logistics of these 

features is necessary.  

 Create systems to monitor program implementation. The department-level analysis 

confirms preliminary findings from other studies indicating that the model is not always 

being properly implemented, which limits its potential success. This is not a unique 

challenge of EN, or of the Colombian education sector. Rather, implementation failures 
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are a common phenomenon in many policy areas and projects. It is important to design a 

monitoring system that helps to keep track of what is happening in the schools, and where 

schools or teachers may need additional support.  

In addition to these EN-specific issues, there are three recommendations to improve 

Colombian information systems and provide a more effective basis for evidence-based policy 

making: 

 Provide basic information on student characteristics. Given that learning outcomes vary 

more between students than between schools or other higher levels, information on 

student characteristics is crucial for the analysis of learning outcomes—not just in order 

to better understand these student-level characteristics, but also to be able to correctly 

control for them when estimating the effect of higher-level factors. While there is an 

obvious concern about the privacy of the test takers, providing anonymized data on key 

student characteristics significantly increases the quality and range of types of analysis 

than can be done with the standardized test scores.  

 Create a clearing house for education data. Colombia lacks a centralized education 

statistics system. Different types of education-related statistics are collected and 

managed by different institutions, and there is no institution that combines, or even 

catalogues, the different data bases. Since the data is generally available but not 

effectively integrated, this constitutes an area of large potential efficiency gains. 

 Provide municipality-level data on key indicators. Most indicators published by the 

Statistics Bureau DANE are available only aggregated at the country- or at best 

department-level, or sometimes as micro data. Providing municipality-level data would 

facilitate policy research and analysis.   
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ANNEX A: Description of the Data 

1 The Pruebas SABER dataset 

1.1 Description of the data  

The main dataset for this study is the dataset containing the results of the 2013 round of the 

Pruebas SABER. This section describes the Pruebas SABER as well as the dataset.  

The Pruebas SABER  3º, 5º Y 9º (henceforward, Pruebas SABER) is a standardized evaluation of 

learning outcomes that has been carried out in Colombia since 1991. Until 1999, the evaluation 

was based on a representative sample of students in grades 3, 5, 7, and 9 who were tested in 

mathematics and language. In 2001, Ley 715 de 2001 established that participation in the tests is 

obligatory, and that the test was to be carried out every three years. Based on that law, starting 

2001 all 5th and 9th grade students in both private and public schools participated in the Pruebas 

SABER. Since in 2012, 3rd grade students also participate in the evaluation, and tests are carried 

out on a yearly basis (ICFES 2015b).  

Starting in 2012, every evaluation round contains a mathematics and a language assessment for 

grades 3, 5, and 9. Additionally, alternating each year there is also an evaluation in natural 

sciences or civic competencies for students in grades 5 and 9. Each student in grade 3 receives a 

test either in mathematics or in language, the assignment being random. By contrast, each 

student in grade 5 and 9 receives tests for two of the three test areas (also randomly assigned). 

The testing time in grade 3 is 2 hours and 50 minutes, the testing time in grades 5 and 9 is 4 hours 
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and 35 minutes. The Pruebas SABER are complemented by a socioeconomic survey in two 

versions, one for 3rd grade students and one for 5th and 9th grade students (ICFES 2016b, 6–7). This 

study only uses data for primary grades levels, that is, for grades 3 and 5. Test results are published 

as plausible values (see section 3.2.1.8.2).  

According to ICFES (2016b), 772,394 3rd grade students and 759,150 5th grade students (1,531,544 

in total) participated in the 2013 round of the Pruebas SABER. These were distributed across 

18,255 educational institutions and 52,004 branches. However, results are only available for 

704,697 3rd graders and for 706,204 5th graders (1,410,901 in total), as well as for 17,073 

educational institutions and 31,050 uniquely identifiable branches. When only looking at students 

in uniquely identifiable branches, data is only available for 567,939 3rd graders and for 574,948 5th 

graders (1,142,887 in total).  

The considerable discrepancy in the numbers is due to reporting errors. For some educational 

institutions with different branches and/or sessions, identification of results at the school branch- 

or session-level is not possible “either because the educational institution has not submitted the 

test materials at session-branch-level, or because inconsistencies in the information about 

student enrollment in each session or branch were detected”.24 In these cases, unique session- or 

branch identifiers are not available, and test results are only reported at the highest level (the 

educational institution).  

 

                                                           
 

24 Translation by the author. Original text: “[Estas] sedes-jornadas no tienen reportes debido a que el 
establecimiento educativo no entregó el material identificado por sede-jornada, o porque se detectaron 
inconsistencias en la información de estudiantes matriculados en cada sede-jornada.” (ICFES 2016a) 
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Table 60: Loss of data in the Pruebas SABER dataset due to reporting errors 

 Participated in 
exam (according 
to ICFES (2016b)) 

Results available 
(in database) 

Branch-level 
identifiable 

results available 
(= sample) 

Sample size 
reduction due to 
missing branch-
level identifiers 

Students (grade 3) 772,394 704,697 567,939 19.41% 
Students (grade 5) 759,150 706,204 574,948 18.59% 
Sessions n/a 32,942* 32,942 n/a* 
Branches 52,004 31,050* 31,050 n/a* 
Institutions 18,255 17,073 14,729 13.7% 
* It is not possible to determine the number of branches and sessions that the unidentifiable results belong to.   

 

 

Because of these problems, the respective observations have to be removed from the dataset. 

The sample is reduced as follows: 13.7% of educational institutions (2,344 out of 17,073) have to 

be dropped, corresponding to 268,014 of the 1,142,887 student-level observations (19%). While 

this represents a considerable share of the sample, the reduction is necessary because 

identification of the school model (EN or not) happens at the branch-level, and is thus not possible 

for institutions where data is not disaggregated by branches. The loss of data is summarized in 

Table 60.  

1.2 Assessment of a possible sample selection bias  

Dropping so many observations does not matter for unbiasedness of results25 if the branch- and 

session identifiers are missing randomly, that is, if the institutions with missing data do not differ 

in observable or unobservable ways from the institutions without missing data. For observable 

factors, this can easily be tested for variables available in the dataset.  As it turns out, there are 

                                                           
 

25 It does, of course, lead to a smaller sample size and thus to larger standard errors. Hence, while 
estimations may remain unbiased, they become less efficient and may fail to achieve statistical significance 
even if the research hypothesis is true. 
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considerable and significant differences between educational institutions with missing lower-level 

identifiers and those with complete information. Institutions are more likely to have missing 

branch-level identifiers if the they are public and of a lower socioeconomic level (these and the 

following differences are significant at the 0.1% level (all p-values <0.001)). For each component 

of the SABER exam (mathematics, language, and civic competencies), institutions with missing 

branch-level identifiers are more likely to have cases of reported cheating, and have significantly 

lower average test scores (between a third and two fifth of a standard deviation lower). Finally, 

these institutions are typically larger; this, however, could also be because larger institutions are 

more likely to have more branches and sessions, and thus a larger potential for errors in any sub-

unit. Institutions with missing branch-level identifiers are no more or less likely to be rural than 

other institutions.  

One very important characteristic is still missing from this analysis: whether EN schools are more 

likely to be missing from the sample. Unfortunately, it is impossible to determine that conclusively 

given that the branch-level identifiers are missing, but it is possible to check whether institutions 

that have missing branch-level identifiers are more likely to also have a branch that offers EN 

education. DANE, in its EDUC C-600 database (described below in section 2), provides information 

on EN implementation both at the branch-level and at the institution-level. Adding this 

information to the Pruebas SABER dataset allows one to check how the school model and the lack 

of branch-level identifiers are correlated. Fortunately, it turns out that at the institution-level 

there is no significant correlation between having a branch with a missing identifier and having a 

branch that offers the EN school model (in both groups, around 40% of institutions have branches 

that offer the EN model). However, this is only an approximation, as it is not possible to determine 

whether EN branches are more likely to be missing.  
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In any case, given the important observable differences described above, it is clear that sub-unit 

identifiers are not just randomly missing, which will lead to biases in the estimation results if the 

factors correlated with missing sub-unit identifiers are also correlated with the outcome and 

explanatory variables. This is clearly the case for observable factors: For instance, students in 

private schools have average scores of around 1.25 standard deviations above students in public 

schools. Excluding a disproportionate number of public schools will lead to an upward bias in the 

estimation of the overall skill level.  

More importantly, it seems reasonable to assume that failure to report the test results correctly 

is strongly correlated with a latent variable (which is part of the error term), which may be called 

“administrative capacity”. Administrative capacity could include the resource endowment of the 

school and the motivation and skill level of teachers and administrators, among other things. The 

direction of a potential bias arising from omitting this latent variable from the analysis depends 

on how one thinks that “administrate capacity” and “likelihood to be an EN” are correlated. 

On the one hand, it is possible that the omitted latent variable “administrative capacity” is 

negatively correlated with the probability of a school to be an EN school. This would be the case 

if more poorly funded, more remote, more understaffed schools are more likely to adapt the EN 

school model – or, maybe, to be assigned to use that model. In this case, if the hypothesis holds 

that EN schools have better learning outcomes, estimations for the effect of the EN model based 

on the dataset that includes only institutions without missing sub-unit identifiers (i.e., with higher 

administrative capacity) will have a negative bias. In other words, the estimated effect of EN based 

on that sample is probably weaker than the “true effect”, because the EN effect is confounded 

with the effect of low capacity.  
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On the other hand, however, this negative bias depends on the assertion that EN schools are more 

likely to be low capacity-schools, where capacity is also negatively correlated with learning 

outcomes. If instead it was the case that it requires high administrative capacity to become an 

EN—for instance, because it takes above-average teacher engagement and resources to start the 

model—the picture changes. If the correlation between being an EN and administrative capacity 

is positive, EN are more likely to be in the sample, and the bias in the estimator for the effect of 

the EN model becomes positive. In that scenario, the “true” effect of EN would be weaker than 

suggested by the estimations.  

Finally, it is possible that there is indeed no correlation between the likelihood to be in the sample 

and the likelihood to be an EN. This would be the ideal case, as the estimates would be unbiased 

(with regard to this specific factor). However, this scenario seems unlikely. 

While the data shows that institutions that have at least one branch where EN is implemented 

are no more likely to have missing branch-level identifiers, this does not necessarily mean that 

there a no correlation between branch capacity and EN implementation. The main problem here 

of course is that it is not possible to establish with certainty whether or not EN schools are more 

likely to be missing due to reporting errors caused by the respective branch. It is only possible to 

determine whether educational institutions that have at least one EN branch are more likely to 

have branch-level reporting errors, which may or may not be due to errors in the actual EN 

branches. Furthermore, it is not possible to actually test whether EN and non-EN schools truly 

differ in the unmeasured variable “administrative capacity”. The fact that data was misreported 

can only be seen as a proxy.  

The available evidence is not conclusive about the direction of the correlation between EN and 

“administrative capacity”. Based on the literature and the evidence gathered for this research, 
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the second scenario seems slightly more likely: While one might think that “low capacity” schools 

may be more likely to be officially labelled as EN (which would result in a negative bias in the 

estimated effect of EN classification), the evidence gathered for this research suggests that better 

or higher-motivated teachers are more likely to actually adopt more elements of the school 

model, resulting in a positive correlation between EN implementation and likelihood of being part 

of the sample. Thus, the estimated effect of EN may have a positive bias, i.e., the true effect may 

be smaller than suggested.   

Assessing a potential bias on other estimators adds to the complexity. Of special interest is to 

know whether the estimated effects of socioeconomic status and gender and their interactions 

with EN may be biased, and if so, in what direction. The case of gender is relatively 

straightforward: There is little ex ante reason to believe that a students’ gender is correlated with 

unobserved school quality (administrative capacity); thus, no bias is expected on the main effect, 

and the bias of the interaction term follows the bias of the main effect of EN implementation.  

For socioeconomic status, the situation is more complicated. It is likely that average 

socioeconomic level and unobserved administrative capacity/school quality are positively 

correlated, introducing a positive bias in the estimate of the effect of socioeconomic status. The 

direction of the bias of the interaction term with EN implementation again depends on whether 

the correlation between school quality and likelihood of using the EN model is positive or 

negative. Again assuming a positive correlation, the effect of the interaction term is likely to be 

overestimated (i.e., the equalizing effect of the EN model may be smaller than the estimation 

results suggest). 

This discussion shows that understanding a potential bias is complicated, as any intuition on its 

effect will depend on assumptions. In addition to these challenges, however, in a multilevel model 



256 
 

  

the selection bias may also affect fixed and random coefficients at the different levels, maybe in 

different ways. Understanding the effect of selection bias in multilevel settings is thus even more 

complicated. Grilli and Rampichini (2012) discuss the problem for a simple two-level model, 

showing that sample selection affects not only estimation coefficients (fixed and random), but 

also the covariance structure. Unfortunately, theoretic research on understanding the direction 

and adjusting for sample selection bias in multilevel models is not very advanced. This project can 

only acknowledge the existence of this bias as a shortcoming.    

1.3 The Pruebas SABER dataset  

By removing observations where the branch-level identifier is missing, the sample is reduced to 

1,142,887 students in 31,050 branches and 14,729 educational institutions. This is henceforward 

referred to as “Pruebas SABER dataset” or “sample”. Table 61 summarizes how many 

observations are available for the different institutional levels and grades, as well as the 

percentage of observations in rural areas. Only about half of the education institutions are in rural 

areas, while around two thirds of school branches are. Not surprisingly, these rural schools tend 

to be smaller than urban ones: only around a quarter of student-level observations comes from 

rural areas. Finally, Table 62 summarizes the number of observations available in the dataset. 

 

 

Table 61: Overview of schools in Pruebas SABER 2013 dataset 

Based on 
SABER 2013  

Total In grade 3 /  
results for grade 3 

In grade 5 /  
results for grade 5 

Located in rural zone 

  N % of total N % of total N % of total 
Institutions 14,729 14,209 96.47% 13,573 92.15% 7,034 47.76% 
Branches 31,050 28,658 92.30% 27,047 87.11% 21,229 68,37% 
Sessions 32,942 29,989 91.04% 28,182 85.55% 21,365 64.86% 
Students 1,142,887 567,939 49.69% 574,948 50.31% 277,397 24.27% 

 



257 
 

  

Table 62 Overview of Pruebas SABER 2013 dataset: missing observations 

Variable 
Missing 

observations 
Non-missing 
observations Unique values 

ID Student 0        1,142,887    1,142,887  
ID Institution                    0         1,142,887         14,729  
ID Branch 0        1,142,887         31,050  
ID Session 0        1,142,887         32,942  
Code Department                    0          1,142,887                 33  
Code Municipality 0        1,142,887            1,084  
Area                    0          1,142,887                   2  
Sector 0        1,142,887                   2  
Session type 0        1,142,887                   3  
Socioeconomic level of school 51,463        1,091,424                 4  
School calendar 0        1,142,887                   2  
Grade 0        1,142,887                   2  
Sex                    0          1,142,887                   2  
Plausible values Language            476,935             665,952   
Plausible values Mathematics            482,003             660,884   
Plausible values Civic competencies            762,005             380,882   

 

 

2 The administrative dataset EDUC (C-600) 

Official administrative data, including data on the educational model used in each school and 

school branch, is provided by DANE in the EDUC dataset. All Colombian public and private school 

are required by law to respond to the “C-600 survey” every year, which is why the dataset covers 

most schools. Educational institutions and school branches are identified by the same unique 

codes that are also used in the Pruebas SABER dataset (and for other education-related purposes). 

This study uses data from 2013, which is the year of the Pruebas SABER results.  

The following variables come from the C-600 dataset: 

 School identifiers at institutional, branch, and session level 

 Geographic information: department, municipality, urban or rural area 

 Sector: private or public 
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 Educational offers: education level and school model 

 Student population: Number of students in current and previous year, presence of 

students from ethnic minorities or students who are victims of the armed conflict 

Table 63 gives an overview of the C-600 data used for this study. Note that this data contains 

information on all Colombian schools, not only those offering primary education, hence the share 

of missing observations is different in the final sample used. Key variables are available for a large 

share of the dataset. The final sample is described at the end of this section.  

 

 

Table 63 Overview of C-600 dataset: missing observations 

Variable Missing  Non-
missing 

Unique 
values Min Max 

ID Institution 4 69,975 >500 - - 
ID Branch 0 69,979 >500 - - 
Code Session 6 69,973 5 1 5 
ID Department 36 69,943 33 5 99 
ID Municipality 36 69,943 >500 1 980 
Area 36 69,943 2 1 2 
Sector 36 69,943 2 1 2 
Primary in institution 42 69,937 2 0 1 
Primary in branch 36 69,943 2 0 1 
Model: Traditional 6,687 63,292 2 0 1 
Model: Escuela Nueva 6,687 63,292 2 0 1 
Students of ethnic minorities 6,687 63,292 2 0 1 
Students who are conflict victims 6,687 63,292 2 0 1 
Students primary, previous year 21,120 48,859 >500 1 2307 
Students primary, current year 18,820 51,159 >500 1 2833 
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According to the EDUC dataset, there are 25,133 educational institutions in Colombia, 21,351 

(84.95%) of which offer education at the primary level. There are furthermore 57,354 school 

branches, 49,932 (87.06%) of which offer primary education. Finally, there are 69,979 sessions, 

out of which 51,159 (73.11%) reported having primary level students in 2013 (see Table 64).  

11,358 institutions (45.19% of all institutions) are located in rural areas, as are 37,633 branches 

(65.62% of the total number) and 40,589 sessions (58.03% of the total). The focus of this study 

are schools located in rural areas and offering primary education, which are 10,997 institutions 

(43.76% of the total), 36,360 branches (63.40% of the total) and 34,996 sessions (50.04% of the 

total). Not surprisingly, the percentage of schools that offer primary education is higher in rural 

areas than for the country average, for all three institutional levels.  

 

 

Table 64 Overview of Colombian schools. Source: DANE, EDUC 2013 dataset 

Based on 
EDUC  

Total Offering primary 
education 

Located in rural 
zone 

Offering primary education and 
located in rural zone 

  N % of 
total 

N % of 
total 

N % of rural % of total 

Institutions 25,133 21,351 84.95% 11,3581 45.19% 10,9971 96.82% 43.76% 
Branches 57,354 49,932 87.06% 37,633 65.62% 36,360 96.63% 63.40% 
Sessions 69,980 51,159 73.11% 40,589 58.03% 34,996 86.22% 50.04% 
1 Includes 956 institutions (3.80%) that are classified as “urban and rural” 

 

 

3 Other data 

Some additional variables were added from other data sources in order to complement the 

analysis. Unfortunately, the official statistics system in Colombia is relatively scattered, and 
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municipality-level statistics are rarely available. Data had thus to be chosen based on availability, 

even if different data sources mean that the data may not always be perfectly comparable (due 

to different base years or data collection methods, for instance).  

Homicides: Based on data from the Instituto National de Medicina Legal y Ciencias Forenceses 

(MED. LEGAL), the Federación Colombiana de Municipios (2016) provides municipality-level data 

on homicide rates (homicides per 100,000 inhabitants). The most recent data available is from 

the year 2009. The dataset contains information for 734 of Colombia’s 1103 municipalities. The 

mean homicide rate is 40.7, the range goes from 1 to 417, and the standard deviation is 42.7.  

Gross Domestic Product by Department: The National Statistics Bureau (DANE 2016) provides 

data on per capita GDP by department (but unfortunately not by municipality). The data used are 

the definite statistics for 2013 (the year of the Pruebas SABER results). In order to facilitate 

interpretation, the unit of the data is changed (1 million pesos), and the data is rescaled (centered 

at the mean of all departments). The centering changes the range from between 4.41 and 44.90 

to between -8.66 and 31.83, and the mean from 13.1 to close to 0. The standard deviation is 9.62.  

Public education expenditure: Public expenditure on education is a control variable of high 

theoretic merit, but data below the country-level is not publicly available. The only available data 

that could be identified are from as far back as 2004 and were presented in a paper by Iregui, 

Melo, and Ramos (2006). There are department-level estimates for the 32 departments and 

Bogota, and municipality-level estimates for 6 departments (including Quindío) and four major 

cities. The per-student expenditure (in 1000 pesos) ranges from 160.5 to 1,988.0, with a mean of 

623.6 and a standard deviation of 217.6. In order to facilitate interpretation, the data is then 

rescaled (centered at mean of all municipalities), so that the centered variable ranges is from -

463.1 to 1,364.3, with a mean close to 0 (the standard deviation remains of course unchanged). 
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Municipal governance: The National Planning Department has developed an index to evaluate 

the overall performance of municipalities, according to the Leyes 152 de 1994, 617 de 2000 and 

715 de 2001 (DNP 2014). The index for the year 2013 is used as a proxy variable for municipal 

governance. It consists of four equally weighted components: Efficacy (progress towards 

development goals, compliance with provision goals); efficiency (comparison between 

expenditures and outcomes in the provision of education, health, and drinking water, definition 

of potentials, productivity analysis); legal aspects (compliance with budgeting and reporting 

requirements for different sectors); and administration (administrative capacity and fiscal 

performance). Data is available for 1,101 municipalities. The index value ranges from 9.7 to 92.4, 

with mean of 68 and a standard deviation of 13.6. In order to facilitate interpretation, the data is 

rescaled (centered at mean of all municipalities), so that the new range is -58.4 to 24.4, and the 

mean is 3. 

4 The merging process 

The final dataset is a combination of all the datasets described above. Unfortunately, as is 

common when combining datasets like the ones used in this study, the datasets do not match up 

perfectly. Even though both the Pruebas SABER dataset and the DANE EDUC C-600 dataset use 

the same unique identifiers for schools, a number of educational institutions and branches are 

only contained in one of the two datasets.  

The two data sets were merged using branch-level information from the DANE EDUC C-600 

dataset. In other words, before merging the two datasets, all session-level information from the 
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C-600 dataset was aggregated onto the branch-level.26 This means that some level of precision is 

lost: information such as the number of students is now only available as an average of the school 

branch, not for each session (i.e., morning, afternoon, evening, or other session). However, using 

branch-level information increases the success rate in the matching process dramatically: session-

level data could only be matched between the two datasets for 69.7% of student-level 

observations, while branch-level data could be matched for 96.3% of student-level observations. 

Given that the main variable of interest, the school model, is defined at the branch-level, the loss 

of precision resulting from using branch-level C-600 information is justified by the large expansion 

of the available data.  

Table 65 summarizes how the two datasets overlap. Four points should be noted to make better 

sense of the numbers. First, the Pruebas SABER datasets only refers to the part of the dataset 

where the branch was identifiable (see page 251). Second, the same institutions may have 

branches that could be matched and branches that could not be matched. Third, the number of 

“DANE EDUC C-600-only” branches can be partly explained by the large number of schools for 

which Pruebas SABER results could not be assigned to a specific branch (see page 251). The failure 

to match these branches is thus not due to a mismatch in the branch identifiers per se, but to the 

fact that ICFES purposefully omitted branch-level identifiers where there were irregularities in the 

reported results. In these cases, the corresponding branches of the DANE EDUC C-600 database 

remain thus without a match. A sample of “DANE EDUC C-600-only” branches was checked via 

                                                           
 

26 Two different methods were used to calculate the branch-level data, depending on the data type. First, 
where appropriate, the relevant numbers were added up. For instance, the number of students in each 
session of the same branch was added up to the total number of students in that branch. Second, where 
appropriate, the session-level information was transferred onto the branch-level. For instance, if one 
session within a branch reported having students who are conflict victims, per definition the entire branch 
was marked as having students who are conflict victims.   
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ICFES’s online query form (ICFES 2016a), and in fact in many cases the results page indicated that 

branch-level results are not available due to reporting errors.  

Forth, the DANE EDUC C-600 dataset includes data for all school branches, including those that—

according to this dataset—don’t offer primary education. The decision to include all branches in 

the merging process was taken because there are a few cases where Pruebas SABER results from 

grade 3 or 5 are available for branches that, according to the DANE EDUC dataset, don’t offer 

primary education. Around 5,700 (or 21%) of the branches that appear only in the DANE EDUC C-

600 dataset report not offering primary education. Of the branches that could be matched to the 

primary test results from the Pruebas SABER dataset, 89 (or 0.3%) report not offering primary 

education.  

 

 

Table 65 Overlap of the DANE EDUC C-600 dataset and the ICFES Pruebas SABER dataset 

 Institution-level:  
(Inst. with at least one 

branch in the 
following categories) 

Branch-level Student-level 

Pruebas SABER only  798 951 42,490 
DANE EDUC only 13,667 27,245 -- 
Matched 14,371 30,099 1,100,397 
Total 25,632* 58,295 1,142,887 
* Numbers do does not add up to this total because institutions may have branches in different categories. 

 

 

There are some variables in the dataset—specifically, the area where the school is located and 

the sector of the school (public versus private)—where the information provided by ICFES and 

DANE is conflicting. The case of the rural-urban classification is presented in Table 66. Out of the 
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30,099 branches in the sample, ICFES classifies 20,732 as rural while DANE classifies 20,985 as 

rural. The overlap between the two classification—the number of branches that are classified as 

rural in both datasets—is 20,614 branches. That means that there are 118 branches that are 

classified as rural by ICFES and as urban by DANE, as well as 371 branches that are classified as 

rural by DANE and as urban by ICFES. The number of apparent misclassifications is smaller for the 

public-private distinction, but as Table 67 shows there are still 39 cases in which the two datasets 

do not agree in their classification.  

Based on the available information, it is impossible to know which of the datasets is “right”. Given 

that the main data source for this analysis is ICFES, and DANE’s database is used only to provide 

background information, ICFES’ classification is used for the study. However, the robustness of 

the results will be checked by re-running the estimates based on DANE’s classification.  

 

 

Table 66: Comparison of urban-rural classification between ICFES Pruebas SABER dataset and DANE EDUC C-600 dataset 

  DANE classification  
  Urban Rural Total 

ICFES 
classification 

Urban 8,996 371 9,367 
Rural 118 20,614 20,732 
Total 9,114 20,985 30,099 

 

Table 67 Comparison of private-public classification between ICFES Pruebas SABER dataset and DANE EDUC C-600 
dataset 

  DANE classification 
  Public Private Total 

ICFES 
classification 

Public 25,309 7 25,316 
Private 32 4,751 4,783 

Total 25,341 4,758 30,099 
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Adding the supplementary datasets (homicides, expenditures on education, governance, and per 

capita GDP) does not cause any issues; the municipality and department identifiers match up 

almost perfectly between the datasets. Whenever data for a municipality or department was 

missing in the original dataset, the data for the respective municipality or department were still 

kept in the study dataset, with a missing entry for the supplementary variable. This is the case for 

a large number of observations for homicide rates.  

The merging of the primary data on program implementation was expected to be straightforward, 

as the secondary dataset was used as the sampling frame. However, for two of the schools in the 

sample, no data from the C-600 database was available. Data from the other 76 schools in 10 

municipalities could be successfully added to the study dataset. 
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ANNEX B: Methodological Annex 

1 Development of the country-level random-intercept model 

The goal of this annex is the development of a random-intercept multilevel model. The four-level 

null model developed in section 4.2 is the starting point; control variables will be added step by 

step according to the level they belong to. This level-by-level procedure helps to create a more 

stable model, and it also helps to better understand which part of the respective level’s remaining 

variance the predictors can explain. The main variable of interest (the dummy for EN) is included 

from the beginning. The first model to be tested is the RI1 model. It is defined as follows: 

Model RI1: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ௜௝௠ௗߦ  

, where ߦ௜௝௠ௗ  is the composed error term consisting, as discussed in the previous section, of the 

student-level error term ߝ௜௝௠ௗ, the school-level error term ߞ௝௠ௗ, the municipality-level error term ߞ௠ௗ, and the department-level error term ߞௗ. Subscripts are added to all regressors to indicate 

the level on which the variables change. Apart from the EN dummy, the model includes a predictor 

for gender (݈݉ܽ݁) and a cross-level interaction term of EN and gender (݈݉ܽ݁ ∗  This .(ܰܧ

interaction term is testing the hypothesis that the effect of the EN model differs by gender.  

The estimation results for this model are presented in the second column of Table 68 through 

Table 72 for the different testing areas and grades. In this simple model, the effect of EN is 

significant only in some of the models (not for language grade 3 and mathematics grade 5). The 

effect of the other explanatory variables will be discussed further below, once the final model is 
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developed. What is interesting in this context is above all the result of the likelihood test 

presented in the last row; it shows, for all grades and testing areas, that the model fit has 

improved compared to the null model. This despite the fact that the errors presented in the lower 

part of the tables have barely changed, which indicates that gender only explains a small part of 

the between-student differences. The student-level share in the unexplained variance remains 

the largest of all error terms: between 72% (in the case of grade 5 civics) and 51% (in the case of 

grade 3 mathematics) of the total unexplained variance is due to student-level factors, the share 

being larger for grade five than for grade three in all areas. Unfortunately, the dataset does not 

provide any more student-level variables that could be used to analyze this variance.  

The next step is the inclusion of school-level explanatory variables, as shown in Model RI2: 

Model RI2: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ+ + ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ +   ௜௝௠ௗߦ

Added to RI1 are the variables ݈ܽݎݑݎ (a dummy for whether the school is in a rural area); ݁ݐܽݒ݅ݎ݌ 

(a dummy for whether the school is private); ܰܵܧ (the socioeconomic level of the school, defined 

as the average official socioeconomic level of the children; level 1 is coded as zero, levels 2, 3, and 

4 are coded as 1, 2, and 3); the interaction of ܰܵܧ and ܰܧ, which tests the hypothesis that the 

EN model is particularly beneficial for children from disadvantaged backgrounds; ݁ݐℎ݊݅ܿ (a 

dummy for whether there are students of ethnic background in the school); ܿݐ݈݂ܿ݅݊݋ (a dummy 

for whether there are children in the school who are victims of the conflict; and ݉݃݊݅݊ݎ݋ and ݂ܽ݊݋݋݊ݎ݁ݐ to indicate the type of the session (a full school day being the base category).  

The results are presented in the third columns of Table 68 through Table 72. The effect of EN is 

now strongly positive and clearly significant for all grades and testing areas (for a discussion of 
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the other variables, see below). The likelihood tests reveal that the model fit has improved, and 

the new model is preferable over model RI1. Additionally, the unexplained school-level variance 

could be decreased, as becomes clear when comparing the size of the standard deviation of the 

school-level random part between models RI1 and RI2. Interestingly, the extent of the 

department-level unexplained variance could also be reduced by including school-level 

regressors, which indicates that school-level regressors differ considerably between departments.  

Model RI3 includes the municipality-level variables, and is defined as: 

Model RI3: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ ௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ+ + ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ ௜௝௠ௗߦ+   

The only variable that was added is ݃݁ܿ݊ܽ݊ݎ݁ݒ݋, the governance index of the municipality (see 

section 3 for an explanation of the index). The effect of EN remains strongly and significantly 

positive, and the likelihood-ratio tests reveal that the RI3 models are superior to the RI2 

specifications for all testing areas and grades. While inclusion of this new variable reduces the 

difference in the error terms across municipalities only slightly, larger changes are, again, 

apparent for the department-level error terms, which again suggests differences in this variable 

across departments.  

Finally, department-level indicators are introduced into the model. Model RI4 is defined as: 

Model RI4: ݁ݎ݋ܿݏ௜௝௠ௗ = ଴ߚ + ܧଵߚ ௝ܰ௠ௗ + ଶ݈݉ܽ݁௜௝௠ௗߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠ௗ(ܰܧ + ܽݎݑݎସߚ ௝݈௠ௗ ௝௠ௗ݁ݐܽݒ݅ݎ݌ହߚ+ + ௝௠ௗܧ଺ܰܵߚ + ܧܵܰ)଻ߚ ∗ ௝௠ௗ(ܰܧ + ℎ݊݅ݐ଼݁ߚ ௝ܿ௠ௗ +
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௝௠ௗݐ݈݂ܿ݅݊݋ଽܿߚ + ௝௠ௗ݃݊݅݊ݎ݋ଵ଴݉ߚ + ௝௠ௗ݊݋݋݊ݎ݁ݐଵଵ݂ܽߚ + ௠ௗ݁ܿ݊ܽ݊ݎ݁ݒ݋ଵଶ݃ߚ ܦܩܿ݌ଵଷߚ+ ௗܲ + ௗ݁ݎݑݐ݅݀݊݁݌ݔ݁_ܿݑଵଶ݁݀ߚ + ௜௝௠ௗߦ   

Two new variables were added: ܲܦܩܿ݌, which is the per capita departmental GDP (in million 

pesos, centered at the average across departments); and ݀݁ݎݑݐ݅݀݊݁݌ݔ݁_ܿݑ, which is the public 

education expenditure per student in 2004 (in 1000 pesos, centered at the average across 

departments). The effect of EN remains unchanged, yet the LR-test statistics turn out insignificant 

for all grades and testing areas, which indicates that Model RI4 does not improve the data fit, 

compared with model RI3. This is insofar not surprising as the effect of the two department-level 

explanatory variables is insignificant in all cases (except for education expenditure, which is 

borderline significant in the case of grade 5 civic competencies). Given that overfitting should be 

particularly avoided in multilevel models (Snijders and Bosker 2011), the department-level 

explanatory variables are discarded from the analysis27, and model RI3 is chosen as the best-fitting 

model.  

 

 

 

                                                           
 

27 Because of the theoretical importance of education expenditures, the variable will be re-introduced for 
the robustness analysis.  
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Table 68 Results of the random-intercept models, language grade 3 (country-level study) 

Language Grade 3 Model 0  Model RI1 Model RI2  Model RI3 Model RI4  
n (students)  197,234   197,234   197,234   197,234   197,234  
j (schools)  17,652   17,652   17,652   17,652   17,652  
m (municipalities) 1,007 1,007 1,007 1,007 1,007 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva   -0.29  (1.28) 11.63 *** (1.59) 11.68 *** (1.59) 11.64 *** (1.59) 
Male   -10.25 *** (0.32) -10.24 *** (0.32) -10.25 *** (0.32) -10.25 *** (0.32) 
EN*Male   1.46  (0.93) 1.459  (0.93) 1.46  (0.93) 1.46  (0.93) 
Rural      1.730  (1.51) 1.70  (1.51) 1.71  (1.51) 
Private      40.27 *** (2.00) 40.20 *** (2.00) 40.21 *** (1.99) 
Socioeconomic level      13.94 *** (0.79) 13.77 *** (0.79) 13.76 *** (0.79) 
EN*Socioeconomic level      -7.68 *** (1.52) -7.67 *** (1.52) -7.69 *** (1.52) 
w/ ethnic students      -4.27 *** (1.28) -4.30 *** (1.28) -4.37 *** (1.28) 
w/ conflict victims      -6.26 *** (1.07) -6.32 *** (1.07) -6.33 *** (1.07) 
Morning session      -1.09  (1.67) -1.24  (1.67) -1.23  (1.67) 
Afternoon session      -7.00 *** (1.77) -7.17 *** (1.76) -7.15 *** (1.76) 
Governance Index         0.27 *** (0.08) 0.27 *** (0.08) 
pc. GDP (mio. pesos)            0.07  (0.25) 
Educ. expenditure            0.02  (0.01) 
Grand mean 285.80 *** (3.40) 290.83 *** (3.43) 279.68 *** (3.53) 280.40 *** (3.31) 282.16 *** (3.31) 

Random part (sd):      
Department-level  17.28 (2.56) 17.25 (2.56) 14.20 (2.14) 12.56 (2.00) 11.40 (1.93) 
Municipality-level  19.46 (0.79) 19.48 (0.79) 17.66 (0.77) 17.53 (0.78) 17.54 (0.78) 
School-level 46.96 (0.43) 46.93 (0.43) 43.09 (0.43) 43.09 (0.43) 43.09 (0.43) 
Student-level  59.59 (0.12) 59.38 (0.12) 59.46 (0.12) 59.46 (0.12) 59.46 (0.12) 

ICC (schools) 0.34 0.34 0.31 0.32 0.32 
ICC (municipalities) 0.06 0.06 0.05 0.05 0.05 
ICC (departments) 0.05 0.05 0.03 0.03 0.02 
LR ࣑૛  267.16 ***  1545.77 *** 13.45 *** 2.82 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for test against model to the respective left. Calculations based on plausible 
value 1 (results of other plausible values not qualitatively different).  
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Table 69  Results of the random-intercept models, language grade 5 (country-level study) 

Language Grade 5 Model 0  Model RI1 Model RI2  Model RI3 Model RI4  
n (students)  277,179  277,179 277,179 277,179 277,179 
j (schools)  17,586  17,586 17,586 17,586 17,586 
m (municipalities) 1,011 1,011 1,011 1,011 1,011 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva   -4.57 *** (1.18) 9.15 *** (1.43) 9.23 *** (1.43) 9.22 *** (1.42) 
Male   -13.54 *** (0.29) -13.55 *** (0.29) -13.55 *** (0.29) -13.55 *** (0.29) 
EN*Male   -0.28  (1.02) -0.32  (1.00) -0.31  (1.00) -0.31  (1.00) 
Rural        4.25 *** (1.22) 4.22 *** (1.22) 4.23 *** (1.22) 
Private        26.77 *** (1.57) 26.71 *** (1.57) 26.69 *** (1.57) 
Socioeconomic level        17.80 *** (0.63) 17.67 *** (0.63) 17.66 *** (0.63) 
EN*Socioeconomic level        -9.40 *** (1.28) -9.42 *** (1.27) -9.43 *** (1.27) 
w/ ethnic students        -4.28 *** (1.05) -4.33 *** (1.05) -4.38 *** (1.05) 
w/ conflict victims        -3.36 *** (0.91) -3.40 *** (0.91) -3.40 *** (0.91) 
Morning session        -3.78 ** (1.37) -3.91 ** (1.37) -3.96 ** (1.36) 
Afternoon session        -10.69 *** (1.44) -10.85 *** (1.44) -10.89 *** (1.44) 
Governance Index             0.23 *** (0.06) 0.24 *** (0.06) 
pc. GDP (mio. pesos)                  0.37  (0.26) 
Educ. expenditure                  0.02  (0.01) 
Grand mean 283.91 *** (3.94) 292.74 *** (4.07) 279.31 *** (3.52) 280.16 *** (3.28) 281.68 *** (3.16) 

Random part (sd):      
Department-level  20.78 (2.93) 21.40 (3.00) 16.11 (2.28) 14.49 (2.13) 12.81 (2.03) 
Municipality-level  17.00 (0.69) 16.98 (0.69) 15.17 (0.65) 15.07 (0.65) 15.07 (0.65) 
School-level 37.59 (0.38) 37.35 (0.38) 32.78 (0.38) 32.79 (0.37) 32.79 (0.37) 
Student-level  67.61 (0.16) 67.29 (0.16) 67.37 (0.16) 67.37 (0.16) 67.37 (0.16) 

ICC (schools) 0.21 0.21 0.18 0.18 0.18 
ICC (municipalities) 0.04 0.04 0.04 0.04 0.04 
ICC (departments) 0.06 0.07 0.04 0.03 0.03 
LR ࣑૛ 466.85 ***  2071.33 *** 14.78 *** 4.89 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for test against model to the respective left. Calculations based on plausible 
value 1 (results of other plausible values not qualitatively different). 
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Table 70  Results of the random-intercept models, mathematics grade 3 (country-level study) 

Mathematics Grade 3 Model 0  Model RI1 Model RI2  Model RI3 Model RI4  
n (students)  195,978  195,978 195,978 195,978 195,978 
j (schools)  17,475  17,475 17,475 17,475 17,475 
m (municipalities) 1,009 1,009 1,009 1,009 1,009 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva    11.66 *** (1.46) 19.35 *** (1.89) 19.44 *** (1.89) 19.39 *** (1.89) 
Male    0.58  (0.32) 0.59  (0.32) 0.59  (0.32) 0.59  (0.32) 
EN*Male    -1.83  (1.11) -1.81  (1.11) -1.80  (1.11) -1.80  (1.11) 
Rural       4.58 ** (1.70) 4.55 ** (1.69) 4.55 ** (1.69) 
Private         42.27 *** (2.19) 42.20 *** (2.19) 42.20 *** (2.19) 
Socioeconomic level         11.41 *** (0.90) 11.26 *** (0.90) 11.23 *** (0.90) 
EN*Socioeconomic level         -7.13 *** (1.68) -7.16 *** (1.68) -7.19 *** (1.68) 
w/ ethnic students         -3.36 * (1.46) -3.39 ** (1.45) -3.41 ** (1.45) 
w/ conflict victims         -8.35 *** (1.23) -8.41 *** (1.23) -8.44 *** (1.23) 
Morning session         1.14  (1.86) 0.98  (1.85) 0.96  (1.85) 
Afternoon session         -4.96 ** (1.92) -5.14 ** (1.92) -5.15 ** (1.91) 
Governance Index            0.29 ** (0.09) 0.29 ** (0.09) 
pc. GDP (mio. pesos)                   0.32  (0.28) 
Educ. expenditure                   0.01  (0.01) 
Grand mean 292.72 *** (3.89) 287.87 *** (3.67) 277.03 *** (4.01) 278.00 *** (3.74) 279.41 *** (3.79) 

Random part (sd):      
Department-level  19.71 (3.00) 18.17 (2.80) 16.24 (2.51) 14.23 (2.32) 13.02 (2.32) 
Municipality-level  23.76 (0.92) 23.66 (0.92) 22.86 (0.90) 22.80 (0.90) 22.82 (0.90) 
School-level 52.43 (0.44) 52.31 (0.44) 49.14 (0.44) 49.15 (0.44) 49.15 (0.44) 
Student-level  61.53 (0.11) 61.53 (0.12) 61.58 (0.12) 61.58 (0.12) 61.58 (0.12) 

ICC (schools) 0.37 0.37 0.35 0.35 0.35 
ICC (municipalities) 0.08 0.08 0.07 0.07 0.08 
ICC (departments) 0.05 0.04 0.04 0.03 0.02 
LR ࣑૛ 258.92 ***  1159.69 *** 10.60 ** 2.64 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for test against model to the respective left. Calculations based on plausible 
value 1 (results of other plausible values not qualitatively different). 



 
 

 

273 

Table 71  Results of the random-intercept models, mathematics grade 5 (country-level study) 

Mathematics Grade 5 Model 0  Model RI1 Model RI2  Model RI3 Model RI4  
n (students)  274,404  274,404 274,404 274,404 274,404 
j (schools)  17,200  17,200 17,200 17,200 17,200 
m (municipalities) 1,009 1,009 1,009 1,009 1,009 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva    0.40  (1.15) 12.31 *** (1.43) 12.41 *** (1.43) 12.39 *** (1.43) 
Male    7.21 *** (0.30) 7.22 *** (0.30) 7.22 *** (0.30) 7.22 *** (0.30) 
EN*Male    -3.08 *** (0.88) -3.06 *** (0.88) -3.06 *** (0.88) -3.07 *** (0.88) 
Rural       4.57 *** (1.33) 4.54 *** (1.33) 4.53 *** (1.33) 
Private         27.41 *** (1.74) 27.36 *** (1.74) 27.34 *** (1.74) 
Socioeconomic level         15.89 *** (0.71) 15.76 *** (0.72) 15.75 *** (0.72) 
EN*Socioeconomic level         -9.06 *** (1.39) -9.08 *** (1.39) -9.10 *** (1.38) 
w/ ethnic students         -4.45 *** (1.15) -4.50 *** (1.15) -4.53 *** (1.15) 
w/ conflict victims         -2.73 ** (0.96) -2.76 ** (0.96) -2.77 ** (0.96) 
Morning session         -2.68  (1.49) -2.83  (1.49) -2.89  (1.49) 
Afternoon session         -9.67 *** (1.52) -9.83 *** (1.52) -9.90 *** (1.52) 
Governance Index            0.27 *** (0.08) 0.27 *** (0.08) 
pc. GDP (mio. pesos)                   0.56  (0.29) 
Educ. expenditure                   0.02  (0.01) 
Grand mean 284.70 *** (4.26) 281.45 *** (4.32) 268.78 *** (3.98) 269.80 *** (3.69) 271.15 *** (3.55) 

Random part (sd):      
Department-level  22.44 (3.22) 22.61 (3.25) 18.22 (2.65) 16.20 (2.44) 14.24 (2.36) 
Municipality-level  20.28 (0.78) 20.28 (0.78) 19.24 (0.77) 19.15 (0.77) 19.18 (0.77) 
School-level 40.28 (0.38) 40.34 (0.38) 36.77 (0.37) 36.78 (0.37) 36.78 (0.37) 
Student-level  63.97 (0.11) 63.88 (0.11) 63.93 (0.11) 63.93 (0.11) 63.93 (0.11) 

ICC (schools) 0.24 0.25 0.22 0.22 0.23 
ICC (municipalities) 0.06 0.06 0.06 0.06 0.06 
ICC (departments) 0.08 0.08 0.05 0.04 0.03 
LR ࣑૛ 435.40 ***  1618.85 *** 11.12 *** 4.93 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for test against model to the respective left. Calculations based on plausible 
value 1 (results of other plausible values not qualitatively different). 
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Table 72  Results of the random-intercept models, civic competencies grade 5 (country-level study) 

Civics, Grade 5 Model 0  Model RI1 Model RI2  Model RI3 Model RI4  
n (students) 276,169 276,169 276,169 276,169 276,169 
j (schools) 17,533 17,533 17,533 17,533 17,533 
m (municipalities) 1,010 1,010 1,010 1,010 1,010 
d (departments) 33 33 33 33 33 
Fixed part:      

Escuela Nueva    -3.57 *** (1.03) 8.36 *** (1.23) 8.41 *** (1.23) 8.40 *** (1.23) 
Male    -18.59 *** (0.30) -18.61 *** (0.30) -18.61 *** (0.30) -18.61 *** (0.30) 
EN*Male    2.70 ** (0.87) 2.66 ** (0.86) 2.66 ** (0.86) 2.66 ** (0.86) 
Rural       3.71 *** (1.06) 3.69 *** (1.06) 3.70 *** (1.06) 
Private         26.01 *** (1.43) 25.97 *** (1.43) 25.96 *** (1.43) 
Socioeconomic level         15.16 *** (0.56) 15.07 *** (0.56) 15.07 *** (0.56) 
EN*Socioeconomic level         -8.10 *** (1.17) -8.11 *** (1.17) -8.12 *** (1.17) 
w/ ethnic students         -3.31 *** (0.91) -3.33 *** (0.91) -3.39 *** (0.91) 
w/ conflict victims         -3.02 *** (0.81) -3.05 *** (0.81) -3.05 *** (0.81) 
Morning session         -2.99 ** (1.22) -3.07 * (1.22) -3.11 * (1.22) 
Afternoon session         -7.55 *** (1.26) -7.64 *** (1.26) -7.68 *** (1.26) 
Governance Index            0.16 ** (0.06) 0.17 ** (0.06) 
pc. GDP (mio. pesos)                 0.32  (0.25) 
Educ. expenditure                   0.02 * (0.01) 
Grand mean 281.25 *** (3.59) 291.66 *** (3.65) 279.46 *** (3.25) 280.00 *** (3.09) 281.50 *** (2.94) 

Random part (sd):      
Department-level  18.98 (2.65) 19.26 (2.69) 15.09 (2.13) 14.00 (2.03) 12.30 (1.93) 
Municipality-level  15.84 (0.63) 15.84 (0.63) 14.28 (0.61) 14.23 (0.61) 14.24 (0.61) 
School-level 32.21 (0.32) 31.92 (0.32) 27.63 (0.31) 27.64 (0.31) 27.64 (0.31) 
Student-level  65.05 (0.12) 64.45 (0.12) 64.54 (0.12) 64.54 (0.12) 64.54 (0.12) 

ICC (schools) 0.18 0.18 0.14 0.14 0.14 
ICC (municipalities) 0.04 0.04 0.04 0.04 0.04 
ICC (departments) 0.06 0.06 0.04 0.04 0.03 
LR ࣑૛ 460.25 ***  1985.12*** 7.29 ** 4.80 

Standard errors in parenthesis. ***: p≤0.001, **: p≤0.01, *: p≤0.05. LR-test statistics reported for test against model to the respective left. Calculations based on plausible 
value 1 (results of other plausible values not qualitatively different). 
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2 Development of the implementation index model (department-

level) 

The starting point for the development of the full multilevel model is the two-level null model, 

given that between-municipality differences in Quindío were found to be negligible. As a first step, 

the main variable of interest and level one predictors are added to the model. The Quindío 

Random Intercept Model 1 is defined as: 

Model QRI1: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௜௝௠ߦ  

, where ߦ௜௝௠ is the composed error term consisting of the student-level error term ߝ௜௝௠ and the 

school-level error term ߞ௝௠. Subscripts are added to all regressors to indicate the level on which 

the variables change (݅ for students, ݆ for schools, and ݉ for municipalities). Apart from the EN 

implementation index, the model includes a predictor for gender (݈݉ܽ݁) and a cross-level 

interaction term of the implementation index and gender (݈݉ܽ݁ ∗  This interaction term is .(ܫܰܧ

testing the hypothesis that the effect of the EN model differs by gender. 

Estimation results for model QRI1 for all grades and areas are presented in Table 73 through Table 

77. In this section, only the main variables of interest and their individual and joint significance 

are discussed; a more thorough description of the results follows in section 6.3.3 based on the 

final multilevel model.  

The results for model QRI1 show that even though the coefficient on the EN implementation index 

has the expected positive sign in each model, the effect is not statistically significant in any of the 

grades or areas. The same is true for the effect of gender: as expected, the estimation coefficients 

for ݈݉ܽ݁ are negative for language and civics and positive for mathematics, yet the effect is not 

statistically significant; nor is the interaction between gender and implementation index.  
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The last rows of the table help to evaluate whether the newly introduced coefficients are jointly 

significant – in this first case, whether introducing them is an improvement compared to the null 

model. For the country-level analysis (chapter 4), this was done using the likelihood-ratio statistic. 

That test, and its alternative, the Wald test, is based on asymptotic ߯ଶ(ݍ) null distributions (ݍ 

denoting the degrees of freedom as determined by the number of restrictions). This means that 

the two tests are asymptotically equivalent – yet in in a relatively small sample like the one 

available for the department-level study, the tests may produce conflicting conclusions (Rabe-

Hesketh and Skrondal 2012, 138). While only the likelihood-ratio test can be used to test random 

coefficients, the Wald test has a practical advantage for fixed parameters: It can be performed 

after Stata’s multiple imputation command based on all five plausible values, which is not possible 

with the likelihood ratio test (StataCorp 2013). Given the large sample in the country-level study, 

performing the test on each plausible value individually generated very similar results – yet in the 

case of the small sample used for the department-level analysis, the conclusions based on running 

the likelihood ratio tests for the five different plausible values separately differ. Therefore, this 

section of the study generally uses the Wald test for hypothesis testing in order to be able to make 

use of the information provided in all plausible values.  

 Coming back to the results presented in in Table 73 through Table 77, the conclusions based on 

the Wald test differ between the models. For the case of grade 5 language and civic competencies, 

the test shows that the three coefficients are jointly significant, even though none of them is 

individually. For mathematics and grade 3 language scores, the null hypotheses of joint 

significance are rejected. However, given that these coefficients are central to the research 

hypotheses, all coefficients are retained in the model.  

The next step is the addition of core school-level regressors, that is, school-level regressors that 

are necessary to test the research hypotheses. These are the average socioeconomic level of the 
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school (ܰܵܧ) and the interaction of socioeconomic level and the EN implementation index (ܰܵܧ  :The second Quindío Random Intercept Model is thus .(ܫܰܧ∗

Model QRI2: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௝௠ܧସܰܵߚ ܧܵܰ)ହߚ+ ∗ ௝௠(ܫܰܧ + ௜௝௠ߦ  

The estimation results can be found in the second columns of Table 73 through Table 77. As for 

model QRI1, even though most coefficients have the expected sign, none of them are statistically 

significant. Based on a Wald test for the joint significance of the newly introduced variables, the 

null hypothesis of a lack of a joint effect cannot be rejected, except in the case of civic 

competencies (F(2, 222.6) = 3.24, p=0.041). Despite the non-significant results, all of the regressors 

are retained in the model because of their importance to the research hypothesis. 

Apart from the core school-level regressors, there are a few variables that have been shown to 

have a significant effect on learning outcomes in the country-level study. At the school-level, these 

are the presence of students with ethnic background (݁ݐℎ݊݅ܿ) and who are victims of the conflict 

 as well as the session type of the school. As there are no full session primary schools ,(ݐ݈݂ܿ݅݊݋ܿ)

in Quindío, morning session schools are treated as base level and the dummy variable ݂ܽ݊݋݋݊ݎ݁ݐ 

is added to the model where appropriate (it is omitted in grade 5 estimates as there are no schools 

in the sample that have a grade 5 afternoon session). Model QRI3 is thus defined as follows: 

Model QRI3:  ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௝௠ܧସܰܵߚ ܧܵܰ)ହߚ+ ∗ ௝௠(ܫܰܧ + ℎ݊݅ݐ଺݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ + ௝௠݊݋݋݊ݎ݁ݐ଼݂ܽߚ +  ௜௝௠ߦ

As shown in the third columns of Table 73 through Table 77, ݁ݐℎ݊݅ܿ is significant for grade 5 

language and civics, and ܿݐ݈݂ܿ݅݊݋ is significant for grade 5 mathematics. No other regressor is 

statistically significant. Hence, even after controlling for other school factors the null hypothesis 

of no effect of EN implementation fails to be rejected. Wald tests of the joint significant of the 
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school-level control variables are significant for grade 5 language and mathematics; in these cases, 

the control variables are retained in the model. For the case of civic competencies, only ݁ݐℎ݊݅ܿ is 

retained.  

The last step for the department-level random intercept model is the inclusion of the municipality-

level control variable ݃݁ܿ݊ܽ݊ݎ݁ݒ݋, which is the municipality-level governance index centered at 

the mean of all ten municipalities in the sample. Formally:  

 Model QRI4:  ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + ௝௠ܫܰܧଵߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷߚ ∗ ௜௝௠(ܫܰܧ + ௝௠ܧସܰܵߚ ܧܵܰ)ହߚ+ ∗ ௝௠(ܫܰܧ + ℎ݊݅ݐ଺݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ + ௝௠݊݋݋݊ݎ݁ݐ଼݂ܽߚ ௠݁ܿ݊ܽ݊ݎ݁ݒ݋ଽ݃ߚ+ +  ௜௝௠ߦ

, where ݁ ܿ ℎ݊݅ܿ only appears in the grade 5 models, andݐ  only appears in the mathematics ݐ݈݂ܿ݅݊݋

and language grade 5 models.  

The last column of Table 73 through Table 77 shows the estimation results. Controlling for 

municipality governance does not help to make the effect of EN implementation, or any other 

regressor, significant (with the exception of ݁ݐℎ݊݅ܿ for language grade 5 and ܿݐ݈݂ܿ݅݊݋ for 

mathematics grade 5, as was already the case in model QRI3). Governance itself is not significant 

in any of the models.  

The final random intercept model based on the total implementation index is thus model QRI2 

for grade 3 estimations, and model QRI3 for grade 5 estimations. The models are summarized in 

Table 41 on page 197. 
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Table 73 Results of the random intercept models for the overall index, language grade 3 (department-level study) 

Language Grade 3 Model QRI1 Model QRI2 Model QRI3 Model QRI4 
n (students) 252 252 245  252 
j (schools) 66 66  65 66 
Fixed part:     

EN Index 0.75 (0.75) 0.92 (1.55) 0.42 (1.62) 0.92 (1.55) 
Male -19.70 (-19.70) -20.28 (19.64) -16.08 (21.21) -20.30 (19.63) 
ENI*Male 0.07 (0.07) 0.08 (0.50) 0.05 (0.53) 0.08 (0.50) 
Socioec. level    14.20 (59.13) 7.02 (59.51) 13.66 (59.51) 
ENI*Socioec. level    -0.16 (1.45) 0.00 (1.48) -0.16 (1.45) 
w/ ethnic students       -18.56 (24.49)   
w/ conflict victims       -21.39 (15.70)   
Afternoon session       -15.62 (31.07)   
Governance          0.12 (1.53) 
Grand mean 285.18 *** (26.84) 271.11*** (63.35) 304.69*** (66.14) 271.72*** (63.66) 

Random part (sd):     
School-level 41.90 (7.93) 41.45 (8.06) 40.09 (8.53) 41.44 (8.06) 
Student-level  56.19 (3.32) 56.22 (3.33) 56.15 (3.27) 56.22 (3.33) 

ICC (schools) 0.36 0.35 0.34 0.35 
Wald test statistic F( 3, 376.1) = 1.94 F(2,1000.3) = 0.21 F(3, 200.1) = 0.92  F(1,9003.2) = 0.01 
Wald test p-value 0.123 0.814 0.434 0.940 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
 

Table 74 Results of the random intercept models for the overall index, language grade 5 (department-level study) 

Language Grade 5 Model QRI1 Model QRI2 Model QRI3 Model QRI4 
n (students) 376 376 369 376 
j (schools) 72 72 71 72 
Fixed part:     

EN Index 0.51 (0.56) -0.54 (1.49) -1.60 (1.47) -1.67 (1.44) 
Male -21.64 (20.60) -21.60 (20.63) -20.49 (20.57) -19.25 (20.83) 
ENI*Male -0.19 (0.49) -0.19 (0.49) -0.28 (0.49) -0.26 (0.49) 
Socioec. level    -28.72 (55.72) -53.19 (52.18) -49.10 (51.70) 
ENI*Socioec. level    1.06 (1.40) 1.70 (1.34) 1.76 (1.30) 
w/ ethnic students       -50.38* (20.76) -50.58* (20.69) 
w/ conflict victims       -15.73 (13.09) -17.80 (13.25) 
Afternoon session       omitted    
Governance          -0.59 (1.44) 
Grand mean 302.47 *** (22.61) 331.47*** (59.87) 388.16*** (59.76) 385.50*** (59.28) 

Random part (sd):     
School-level 38.14 (7.00) 38.13 (6.79) 32.25 (7.47) 31.21 (7.39) 
Student-level  66.46 (2.75) 66.28 (2.73) 66.26 (2.79) 66.62 (2.79) 

ICC (schools) 0.25 0.25 0.19 0.18 
Wald test statistic F( 3, 271.1) = 4.80 F(2, 315.5) = 0.83  F(2,1138.5) = 3.83 F(1, 696.4) = 0.17 
Wald test p-value 0.003 0.437 0.022 0.682 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 75 Results of the random intercept models for the overall index, math grade 3 (department-level study) 

Mathematics Grade 3 Model QRI1 Model QRI2 Model QRI3 Model QRI4 
n (students) 254 254 246 254 
j (schools) 63 63 62 63 
Fixed part:     

EN Index 0.79 (0.90) 0.79 (2.23) 0.97 (2.39) 0.79 (2.23) 
Male 30.65 (22.34) 31.03 (22.32) 34.36 (22.66) 30.71 (22.31) 
ENI*Male -0.81 (0.58) -0.80 (0.58) -0.86 (0.59) -0.79 (0.58) 
Socioec. level    19.17 (83.69) 21.42 (86.19) 11.62 (84.33) 
ENI*Socioec. level    0.05 (2.08) -0.05 (2.18) 0.06 (2.08) 
w/ ethnic students       8.59 (37.27)   
w/ conflict victims       10.90 (22.11)   
Afternoon session       -17.90 (28.40)   
Governance          1.40 (2.22) 
Grand mean 281.92 *** (35.50) 262.58** (89.68) 248.17* (97.25) 270.34** (90.34) 

Random part (sd):     
School-level 66.38 (10.10) 65.49 (10.06) 66.53 (10.23) 65.45 (10.01) 
Student-level  61.71 (3.81) 61.66 (3.80) 61.08 (3.84) 61.61 (3.79) 

ICC (schools) 0.54 0.53 0.54 0.53 
Wald test statistic  F(3, 310.5) = 0.83 F(2,1585.1) = 0.70 F(3,1543.4) = 0.23  F(1,8916.1) = 0.39 
Wald test p-value 0.479 0.495 0.878 0.530 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
 

Table 76 Results of the random intercept models for the overall index, math grade 5 (department-level study) 

Mathematics Grade 5 Model QRI1 Model QRI2 Model QRI3 Model QRI4 
n (students) 318 318 312 318 
j (schools) 60 60 59 60 
Fixed part:     

EN Index 1.12 (0.64) 1.37 (1.86) 0.41 (1.68) 0.69 (1.64) 
Male 15.38 (18.37) 15.52 (18.43) 16.70 (18.56) 17.59 (18.62) 
ENI*Male -0.26 (0.46) -0.27 (0.47) -0.34 (0.47) -0.33 (0.47) 
Socioec. level    2.67 (76.78) -24.29 (68.08) 11.96 (67.63) 
ENI*Socioec. level    -0.24 (1.86) 0.23 (1.64) -0.17 (1.60) 
w/ ethnic students       -25.21 (21.79) -22.43 (21.24) 
w/ conflict victims       -38.20** (14.51) -45.98** (14.39) 
Afternoon session       omitted    
Governance          -2.05 (1.48) 
Grand mean 256.50 *** (25.76) 252.77*** (74.97) 321.30*** (68.94) 295.11*** (68.55) 

Random part (sd):     
School-level 45.45 (7.01) 45.15 (7.05) 37.44 (7.37) 35.13 (7.67) 
Student-level  56.19 (3.34) 56.20 (3.35) 56.28 (3.60) 56.70 (3.45) 

ICC (schools) 0.40 0.39 0.31 0.28 
Wald test statistic F(3, 179.0) = 1.03 F(2,1265.6) = 0.14  F(2,1078.1) = 4.35 F(1,28756.2) = 1.92 
Wald test p-value 0.378 0.868 0.0131 0.166 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 77 Results of the random intercept models for the overall index, civics grade 5 (department-level study) 

Civics Grade 5 Model QRI1 Model QRI2 Model QRI3 Model QRI4 
n (students) 378 378 371 378 
j (schools) 75 75 74 75 
Fixed part:     

EN Index 0.67 (0.54) 2.13 (1.30) 1.23 (1.30) 1.51 (1.30) 
Male -18.00 (16.22) -20.20 (16.27) -19.81 (16.27) -19.68 (16.35) 
ENI*Male -0.43 (0.41) -0.39 (0.41) -0.43 (0.41) -0.41 (0.41) 
Socioec. level    82.29 (50.11) 67.52 (48.13) 69.36 (48.92) 
ENI*Socioec. level    -1.46 (1.23) -0.85 (1.21) -1.03 (1.20) 
w/ ethnic students       -38.03* (18.79) -35.49 (19.17) 
w/ conflict victims       -13.21 (12.40)   
Afternoon session       omitted    
Governance          -0.05 (1.34) 
Grand mean 305.11 *** (21.87) 224.76*** (52.26) 265.37*** (53.06) 249.79*** (53.32) 

Random part (sd):     
School-level 39.32 (5.98) 35.35 (6.18) 31.93 (6.79) 32.15 (6.55) 
Student-level  59.91 (2.53) 60.02 (2.53) 60.03 (2.58) 60.29 (2.56) 

ICC (schools) 0.30 0.26 0.22 0.22 
Wald test statistic F(3, 487.6) = 9.01 F(2, 222.6) = 3.24 F(2, 954.0) = 2.66 F(1, 455.3) = 0.00 
Wald test p-value <0.000 0.041 0.070 0.972 

Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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3 Development of the implementation index-dimensions model 

(department-level) 

The EN model consists of a wide range of different elements. Despite Fundación Escuela Nueva’s 

focus on the holistic nature of the model, it is conceivable that some aspects of the model are 

more strongly correlated with positive learning outcomes than others. Therefore, a second series 

of department-level hierarchical models are developed which use the five index dimensions 

instead of the overall index to identify EN implementation.  

Starting again from the two-level null model, in a first step the five implementation index 

dimensions (1ܦ to 5ܦ) are added to the model, each of them rescaled so that zero is the lowest 

value observed in the sample. Additionally, student-level regressors are added to the model, 

namely, gender (݈݉ܽ݁) and interaction terms of gender and the area indices (݈݉ܽ݁ ∗ ݈݁ܽ݉ to 1ܦ ∗  :The Quindío random intercept model 5 thus is defined as .(5ܦ

Model QRI5: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ 4௝௠ܦ ܰܧଵ_ସߚ+ + 5௝௠ܦ ܰܧଵ_ହߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ ݈݁ܽ݉)ଷ_ଶߚ+ ∗ ௜௝௠(2ܦ + ݈݁ܽ݉)ଷ_ଷߚ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ ݈݁ܽ݉)ଷ_ହߚ+ ∗ ௜௝௠(5ܦ +  ௜௝௠ߦ

As before, ߦ௜௝௠ is the composed error term consisting of the student-level error term ߝ௜௝௠ and 

the school-level error term ߞ௝௠, and subscripts indicate the level on which the variables vary (݅ for 

students, ݆ for schools, and ݉ for municipalities). 

The estimation results for the model are presented in the first columns of Table 78 to Table 82. 

The only index dimension with a consistent sign is dimension 4 (learning guides), which always 

has a positive sign—yet the coefficient is statistically significant only in the case of language grade 
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5. The only other instance of a significant coefficient is dimension 2 (classroom organization), 

equally for language grade 5; yet the effect of implementation is estimated to be negative (i.e. 

the more elements of classroom organization are implemented, the lower the language exam 

score). The coefficients for dimension 1 (teacher training), 3 (school and community) and 5 (roles 

of students) are not significant for any area or grade. 

The last part of the table shows results for the Wald tests of joint significance of regressor groups. 

The first test statistic is for the joint significance of the five index dimensions. The test suggests 

that the five dimensions are not jointly significant in any of the areas or grades, which was 

expected given that the overall index was not significant in model QRI1, either. The second Wald 

test checks whether the other variables (gender and interaction terms with gender) are jointly 

significant. This is only the case for language grade 5 (6)ܨ, 572.3)  =  3.03; ݌  = 0.006) and for 

civic competencies (6)ܨ, 387.5)  =  4.08, = ݌ 0.001). In both cases, the Wald test of joint 

significance of only the interaction terms—i.e., without the coefficient on ݈݉ܽ݁—is not significant 

(not reported in the table). Given that ݈݉ܽ݁ alone is not significant, this suggests some statistical 

interplay between gender and EN implementation, yet the effect is weak.  

Despite the interaction terms’ importance for the hypotheses, they are removed from the model 

temporarily except in the two cases with joint significance. This is done because five additional 

coefficients can make an important difference in a sample of only between 252 and 376 

observations, as they reduce the likelihood of detecting statistically significant effects.  

The next step is the inclusion of school-level core indicators, namely, socioeconomic level (ܰܵܧ) 

and the interaction between socioeconomic level and EN implementation (ܰܵܧ ∗ ܧܵܰ to 1ܦ  :Hence, model QRI6 is defined as .(5ܦ∗
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Model QRI6: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ 4௝௠ܦ ܰܧଵ_ସߚ+ + 5௝௠ܦ ܰܧଵ_ହߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ ݈݁ܽ݉)ଷ_ଶߚ+ ∗ ௜௝௠(2ܦ + ݈݁ܽ݉)ଷ_ଷߚ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ௜௝௠(5ܦ∗ + ௝௠ܧସܰܵߚ + ܧܵܰ)ହ_ଵߚ ∗ ௝௠(1ܦ + ܧܵܰ)ହ_ଶߚ ∗ ௝௠(2ܦ + ܧܵܰ)ହ_ଷߚ ௝௠(3ܦ∗ + ܧܵܰ)ହ_ସߚ ∗ ௝௠(4ܦ + ܧܵܰ)ହ_ହߚ ∗ ௝௠(5ܦ +  ௜௝௠ߦ

The coefficients  ߚଷ_ଵ to ߚଷ_ହ are omitted for the grade 3 models and the grade 5 mathematics 

model. The estimation results for the model are presented in the second columns of Table 78 to 

Table 82. Neither socioeconomic level nor its interaction with the index dimensions are 

statistically significant in any of the models; nor does the inclusion of these control variables help 

to obtain significant results for the index dimensions. Based on the respective Wald tests at the 

bottom of the table, neither the Index dimensions nor socioeconomic level and its interactions 

are jointly significant. The conclusion is to remove the interaction terms from the model even 

though they are testing a research hypothesis, again in order to conserve degrees of freedom of 

the model. Socioeconomic level is retained in the model in order to be able to detect a possible 

effect.  

It is possible that school-level control variables help to remove noise from the model and to thus 

uncover a statistically significant effect of EN implementation. At the school-level, these control 

variables are ݁ݐℎ݊݅ܿ, ܿݐ݈݂ܿ݅݊݋, and ݂ܽ݊݋݋݊ݎ݁ݐ – dummies for the presence of ethnic students, 

or students who are conflict victims, and for the session type, respectively. They are thus added 

to model QRI7: 

Model QRI7: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ 4௝௠ܦ ܰܧଵ_ସߚ+ + 5௝௠ܦ ܰܧଵ_ହߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ +
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݈݁ܽ݉)ଷ_ଶߚ ∗ ௜௝௠(2ܦ + ݈݁ܽ݉)ଷ_ଷߚ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ௜௝௠(5ܦ∗ + ௝௠ܧସܰܵߚ + ℎ݊݅ݐ଺݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ + ௝௠݊݋݋݊ݎ݁ݐ଼݂ܽߚ +  ௜௝௠ߦ

Again, coefficients ߚଷ_ଵ to ߚଷ_ହ are omitted for the grade 3 models and the grade 5 mathematics 

model. The third columns of Table 78 to Table 82 contain the estimation results. Significant effects 

can only be detected for ܿݐ݈݂ܿ݅݊݋ for grade 5 mathematics and ݁ݐℎ݊݅ܿ for civic competencies; 

additionally, the effect of dimension 2 (classroom organization) is negative and significant for 

grade 5 language. The Wald tests suggest a lack of joint significance of the indicator dimensions 

for all grades and areas, and a joint significance of the school-level control variables for grade 5 

mathematics and civic competencies. Only in these two areas are the control variables thus 

retained.  

Finally, the municipality-level control variable ݃݁ܿ݊ܽ݊ݎ݁ݒ݋ is added to the model.  Model QRI8 is 

defined as: 

Model QRI8: ݁ݎ݋ܿݏ௜௝௠ = ଴ߚ + 1௝௠ܦ ܰܧଵ_ଵߚ + 2௝௠ܦ ܰܧଵ_ଶߚ + 3௝௠ܦ ܰܧଵ_ଷߚ 4௝௠ܦ ܰܧଵ_ସߚ+ + 5௝௠ܦ ܰܧଵ_ହߚ + ଶ݈݉ܽ݁௜௝௠ߚ + ݈݁ܽ݉)ଷ_ଵߚ ∗ ௜௝௠(1ܦ ݈݁ܽ݉)ଷ_ଶߚ+ ∗ ௜௝௠(2ܦ + ݈݁ܽ݉)ଷ_ଷߚ ∗ ௜௝௠(3ܦ + ݈݁ܽ݉)ଷ_ସߚ ∗ ௜௝௠(4ܦ + ݈݁ܽ݉)ଷ_ହߚ ௜௝௠(5ܦ∗ + ௝௠ܧସܰܵߚ + ℎ݊݅ݐ଺݁ߚ ௝ܿ௠ + ௝௠ݐ݈݂ܿ݅݊݋଻ܿߚ + ௠݁ܿ݊ܽ݊ݎ݁ݒ݋ଽ݃ߚ +  ௜௝௠ߦ

, where coefficients ߚଷ_ଵ to ߚଷ_ହ are omitted in the grade 3 models and the grade 5 mathematics 

model, and ߚ଺ and ߚ଻ are omitted in the grade 3 models and the grade 5 language model. 

Estimation results are presented in the last column of Table 78 to Table 82. Governance turns out 

to be not significant in this sample and model, as are the dimensions of the implementation index, 

both individually and collectively.  
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The final model thus differs between grades and areas: It includes school-level control variables 

for grade 5 mathematics and civic competences, but only the hypotheses-testing variables for the 

other grades and areas. The final models and results are summarized in Table 42 on page 198. 
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Table 78 Results of the random intercept models for the index dimensions, language grade 3 (department-level study) 

Language Grade 3 Model QRI5 Model QRI6 Model QRI7 Model QRI8 
n (students) 252 252 245 252 
j (schools) 66 66 65 66 
Fixed part:     

Dim. 1 (Training) -0.22  (0.46) -0.96 (0.73) 0.26 (0.39) -0.03 (0.37) 
Dim. 2 (Classroom) -0.67  (0.70) 1.14 (1.29) -0.53 (0.59) -0.41 (0.62) 
Dim. 3 (Community) 0.72  (0.53) 1.24 (0.81) 0.78 (0.41) 0.79 (0.42) 
Dim. 4 (Guides) 0.81  (0.79) -0.20 (1.64) -0.28 (0.75) 0.31 (0.73) 
Dim. 5 (Roles) 0.32  (0.89) -1.78 (2.23) 0.23 (0.70) 0.37 (0.74) 
Male -8.29  (31.37) -16.81* (8.06) -13.12 (8.39) -16.66* (8.06) 
EN D1*Male 0.48  (0.47)         
EN D2*Male 0.55  (0.70)         
EN D3*Male 0.07  (0.63)         
EN D4*Male -1.28  (0.83)         
EN D5*Male 0.46  (0.99)         
Socioec. level    -46.50 (98.20) 7.47 (14.78) 7.51 (14.75) 
EN D1*Socec. level    1.27 (0.75)      
EN D2*Socec. level    -1.39 (1.09)      
EN D3*Socec. level    -0.81 (0.85)      
EN D4*Socec. level    0.38 (1.74)      
EN D5*Socec. level    2.23 (2.24)      
w/ ethnic students       -31.43 (24.28)   
w/ conflict victims       -26.51 (17.13)   
Afternoon session       -19.78 (29.60)   
Governance          0.27 (1.60) 
Grand mean 273.83 *** (41.06) 315.76*** (99.02) 327.02*** (41.84) 271.29*** (36.55) 

Random part (sd):     
School-level 42.06 (8.30) 37.13 (8.30) 36.37 (9.05) 39.95 (7.96) 
Student-level  55.06 (3.19) 56.01 (3.32) 56.28 (3.26) 56.16 (3.29) 

ICC (schools) 0.37 0.31 0.29 0.34 
Wald test (D1-D5)  F(5, 710.9) = 0.63 F(5,1547.7) = 1.22  F(5, 826.0) = 1.01 F(1,2069.6) = 0.03 

Wald test p-value 0.678 0.295 0.409 0.866 
Wald test (new var.) F(6, 735.0) = 1.36 F(6,4209.7) = 0.98 F(3, 203.2) = 1.47 F(1,2069.6) = 0.03 

Wald test p-value 0.229 0.435 0.224 0.866 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 79 Results of the random intercept models for the index dimensions, language grade 5 (department-level study) 

Language Grade 5 Model QRI5 Model QRI6 Model QRI7 Model QRI8 
n (students) 376 376 369 376 
j (schools) 72 72 71 72 
Fixed part:     

Dim. 1 (Training) -0.13 (0.33) -0.50 (0.63) 0.06 (0.34) -0.14 (0.33) 
Dim. 2 (Classroom) -1.32 * (0.63) -0.56 (1.15) -1.32* (0.64) -1.25 (0.64) 
Dim. 3 (Community) 0.74 (0.41) 0.23 (0.75) 0.74 (0.40) 0.78 (0.41) 
Dim. 4 (Guides) 1.26 * (0.64) -0.13 (1.72) 0.75 (0.69) 1.17 (0.66) 
Dim. 5 (Roles) 0.81 (0.81) 0.00 (2.05) 0.74 (0.80) 0.78 (0.85) 
Male 5.26 (28.19) 5.59 (28.20) 4.15 (28.12) 5.44 (28.21) 
EN D1*Male -0.76 (0.45) -0.75 (0.45) -0.62 (0.44) -0.75 (0.45) 
EN D2*Male 1.00 (0.67) 1.01 (0.67) 0.97 (0.67) 1.01 (0.67) 
EN D3*Male -0.55 (0.52) -0.56 (0.52) -0.41 (0.53) -0.54 (0.52) 
EN D4*Male -0.39 (0.74) -0.38 (0.75) -0.40 (0.74) -0.42 (0.74) 
EN D5*Male -0.21 (1.04) -0.28 (1.03) -0.56 (1.05) -0.23 (1.03) 
Socioec. level    -110.05 (87.56) 7.97 (13.03) 10.73 (12.73) 
EN D1*Socec. level    0.40 (0.63)      
EN D2*Socec. level    -0.86 (0.89)      
EN D3*Socec. level    0.61 (0.73)      
EN D4*Socec. level    1.43 (1.73)      
EN D5*Socec. level    0.85 (1.96)      
w/ ethnic students       -34.91 (20.65)   
w/ conflict victims       -16.83 (13.48)   
Afternoon session       (omitted)    
Governance          -0.64 (1.43) 
Grand mean 264.88 *** (28.47) 371.67*** (88.92) 301.71*** (34.57) 256.47*** (30.44) 

Random part (sd):     
School-level 30.90 (7.43) 30.01 (7.25) 28.41 (8.04) 30.72 (7.26) 
Student-level  66.34 (2.79) 66.13 (2.77) 66.21 (2.84) 66.28 (2.78) 

ICC (schools) 0.18 0.17 0.16 0.18 
Wald test (D1-D5)  F(5,5814.5) = 1.66 F(5,2307.7) = 0.26 F(5,6542.9) = 1.26  F(5,5145.1) = 1.57 

Wald test p-value 0.140 0.933 0.279 0.166 
Wald test (new var.)  F(6, 572.3) = 3.03  F(6,2264.2) = 0.50 F(2,3415.1) = 2.25 F(1, 582.5) = 0.20 

Wald test p-value 0.006 0.806 0.105 0.653 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 80 Results of the random intercept models for the index dimensions, math grade 3 (department-level study) 

Mathematics Grade 3 Model QRI5 Model QRI6 Model QRI7 Model QRI8 
n (students) 254 254 246 254 
j (schools) 63 63 62 63 
Fixed part:     

Dim. 1 (Training) 0.58 (0.63) -0.61  (1.03) 0.32 (0.50) 0.35 (0.47) 
Dim. 2 (Classroom) -0.37 (1.04) 0.82  (1.76) 0.11 (0.96) 0.01 (0.92) 
Dim. 3 (Community) -0.50 (0.86) -0.08  (1.18) -0.61 (0.62) -0.60 (0.61) 
Dim. 4 (Guides) 0.13 (1.04) 2.12  (2.19) -0.02 (1.06) 0.12 (0.97) 
Dim. 5 (Roles) 1.49 (1.28) -3.39  (3.35) 0.71 (1.07) 0.57 (1.08) 
Male 48.31 (35.50) 2.14  (9.12) 2.92 (9.30) 1.67 (9.09) 
EN D1*Male -0.32 (0.57)        
EN D2*Male 0.33 (0.79)        
EN D3*Male -0.26 (0.75)        
EN D4*Male -0.25 (0.81)        
EN D5*Male -0.77 (1.06)        
Socioec. level    56.39  (131.53) 15.50 (22.49) 10.09 (21.63) 
EN D1*Socec. level    1.18  (1.10)       
EN D2*Socec. level    -0.48  (1.47)       
EN D3*Socec. level    -0.63  (1.24)       
EN D4*Socec. level    -2.74  (2.38)       
EN D5*Socec. level    4.26  (3.28)       
w/ ethnic students       10.13 (38.73)   
w/ conflict victims       8.56 (23.49)   
Afternoon session       -9.09 (28.32)   
Governance          1.31 (2.37) 
Grand mean 261.27 *** (50.61) 238.93 *** (134.4) 263.80*** (59.66) 277.77*** (48.01) 

Random part (sd):     
School-level 64.63 (9.85) 62.38 (9.75) 65.71 (9.94) 64.46 (9.73) 
Student-level  61.54 (3.80) 62.03 (3.85) 61.42 (3.88) 61.94 (3.82) 

ICC (schools) 0.52 0.50 0.53 0.52 
Wald test (D1-D5) F(5,2175.5) = 0.56 F(5,1972.2) = 0.30  F(5,4576.1) = 0.41  F 5,4265.1) = 0.39 

Wald test p-value 0.728 0.912 0.845 0.856 
Wald test (new var.) F(6,1333.1) = 0.48 F( 6,6344.7) = 0.50 F(3,2343.5) = 0.11 F( 1,22330.4) = 0.31 

Wald test p-value 0.826 0.808 0.957 0.580 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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Table 81 Results of the random intercept models for the index dimensions, math grade 5 (department-level study) 

Mathematics Grade 5 Model QRI5 Model QRI6 Model QRI7 Model QRI8 
n (students) 318 318 312 318 
j (schools) 60 60 59 60 
Fixed part:     

Dim. 1 (Training) 0.20 (0.38) -0.37  (0.65) 0.42 (0.35) 0.33 (0.34) 
Dim. 2 (Classroom) 0.76 (0.77) 2.78  (1.61) 0.37 (0.61) 0.20 (0.61) 
Dim. 3 (Community) 0.77 (0.49) 0.98  (0.79) 0.56 (0.41) 0.46 (0.40) 
Dim. 4 (Guides) 0.29 (0.74) 0.98  (1.88) -0.48 (0.67) -0.33 (0.64) 
Dim. 5 (Roles) -1.36 (0.99) -4.52  (2.61) -0.87 (0.74) -0.65 (0.75) 
Male 20.21 (28.92) 5.73  (7.59) 3.99 (7.56) 5.39 (7.55) 
EN D1*Male -0.42 (0.36)        
EN D2*Male 0.14 (0.83)        
EN D3*Male -0.65 (0.53)        
EN D4*Male -0.25 (0.82)        
EN D5*Male 1.10 (0.98)        
Socioec. level    47.01  (118.87) -8.94 (15.53) 13.18 (14.25) 
EN D1*Socec. level    0.65  (0.70)       
EN D2*Socec. level    -2.16  (1.68)       
EN D3*Socec. level    -0.63  (0.89)       
EN D4*Socec. level    -0.97  (1.93)       
EN D5*Socec. level    4.04  (2.57)       
w/ ethnic students       -45.16 (24.01) -41.54 (23.95) 
w/ conflict victims       -40.11*** (14.57) -48.56** (14.62) 
Afternoon session       (omitted)    
Governance          -1.90 (1.46) 
Grand mean 246.46 *** (34.82) 204.49  (118.41) 338.84*** (35.72) 322.40*** (34.34) 

Random part (sd):     
School-level 43.25 (6.91) 39.74 (7.28) 34.65 (7.40) 33.31 (7.92) 
Student-level  55.58 (3.24) 56.41 (3.44) 56.33 (3.66) 56.74 (3.52) 

ICC (schools) 0.38 0.33 0.27 0.26 
Wald test (D1-D5) F(5,2187.8) = 1.52 F(5,1854.5) = 1.37 F(5,1239.6) = 1.04  F(5,1229.0) = 0.69 

Wald test p-value 0.181 0.233 0.393 0.633 
Wald test (new var.) F(6, 420.1) = 1.08 F(6,3042.4) = 0.89 F(2, 928.3) = 5.66  F(1,649087.1) =1.70 

Wald test p-value 0.372 0.503 0.004 0.192 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05

 

 

  



   291 
 

 

Table 82 Results of the random intercept models for the index dimensions, civics grade 5 (department-level study) 

Civics Grade 5 Model QRI5 Model QRI6 Model QRI7 Model QRI8 
n (students) 378 378 371 378 
j (schools) 75 75 74 75 
Fixed part:     

Dim. 1 (Training) -0.35  (0.35) -0.49 (0.63) -0.18 (0.34) -0.09 (0.33) 
Dim. 2 (Classroom) -0.73  (0.66) 0.80 (1.07) -0.69 (0.62) -0.71 (0.61) 
Dim. 3 (Community) 0.67  (0.47) 0.70 (0.78) 0.70 (0.45) 0.78 (0.44) 
Dim. 4 (Guides) 0.91  (0.63) 1.40 (1.53) 0.33 (0.64) 0.15 (0.63) 
Dim. 5 (Roles) 0.48  (0.85) -1.27 (2.05) 0.33 (0.79) 0.38 (0.80) 
Male -11.30  (25.70) -11.60 (25.82) -10.99 (25.45) -11.64 (25.73) 
EN D1*Male 0.18  (0.40) 0.20 (0.40) 0.22 (0.41) 0.15 (0.40) 
EN D2*Male -0.26  (0.73) -0.11 (0.74) -0.21 (0.72) -0.23 (0.72) 
EN D3*Male 0.02  (0.54) -0.01 (0.54) 0.12 (0.55) 0.05 (0.53) 
EN D4*Male -0.63  (0.65) -0.75 (0.65) -0.63 (0.65) -0.51 (0.65) 
EN D5*Male 0.67  (0.93) 0.62 (0.93) 0.34 (0.93) 0.37 (0.94) 
Socioec. level    86.04 (81.67) 34.69** (12.20) 31.83** (11.42) 
EN D1*Socec. level    0.12 (0.64)      
EN D2*Socec. level    -1.20 (0.84)      
EN D3*Socec. level    0.05 (0.71)      
EN D4*Socec. level    -0.62 (1.61)      
EN D5*Socec. level    1.36 (1.97)      
w/ ethnic students       -48.60** (18.63) -47.72* (18.51) 
w/ conflict victims       -15.57 (12.62) -15.49 (12.57) 
Afternoon session       (omitted)    
Governance          -0.44 (1.28) 
Grand mean 289.82 *** (28.91) 204.67* (81.97) 306.57*** (31.78) 312.01*** (30.71) 

Random part (sd):     
School-level 36.03 (6.37) 30.84 (6.91) 27.03 (8.47) 25.92 (8.59) 
Student-level  59.78 (2.54) 59.94 (2.53) 60.06 (2.67) 60.47 (2.67) 

ICC (schools) 0.27 0.21 0.17 0.16 
Wald test (D1-D5)  F(5, 790.2) = 1.01 F(5,1797.4) = 0.62 F(5, 660.2) = 0.70 F(5, 641.2) = 0.85 

Wald test p-value 0.412 0.687 0.621 0.516 
Wald test (new var.) F(6, 387.5) = 4.08 F(6,2680.9) = 1.42 F(2, 496.0) = 4.14 F(1, 572.8) = 0.12 

Wald test p-value 0.001 0.201 0.016 0.730 
Standard errors in parenthesis. ***p≤0.001; ** p<0.01; * p<0.05
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ANNEX C: Implementation Index 

(table starts on next page) 
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       TEACHER INDEX STUDENT INDEX 
Indic. 
#       

Final 
wght Qu # 1 point 

0.5 
points 

0.25 
points 

Final 
wght Qu # 1 point 

0.5 
points 

0.25 
points 

  1 Teacher Training           
    1 Pre-service training           
111   1 Any pre-service training 0.020 14 v14=1        
   2 Taller de Iniciacion           
112_1    1 participated 0.010 15 v15=1        
112_2    2 one week long 0.010 16 v16=3 | v16=2        
   3 Taller de Guias           
113_1    1 participated 0.007 18 v18=1        
113_2    2 one week long 0.007 19 v19=3 | v19=2        
113_3    3 there were learning guides 0.007 21 v21=1        
   4 Workshops follow EN methodology           
114_1    1 work with manual de docente 0.002 22_1 v22_1=1 v22_1=2       
114_2    2 work with leaning guides 0.002 22_2 v22_2=1 v22_2=2       
114_3    3 all types of activities  0.002 22_3 v22_3=1 v22_3=2       
114_4    4 contextualizacion 0.002 22_4 v22_4=1 v22_4=2       
114_5    5 group work 0.002 22_5 v22_5=1 v22_5=2       
114_6    6 gobierno del taller 0.002 22_6 v22_6=1 v22_6=2       
114_7    7 learning corners 0.002 22_7 v22_7=1 v22_7=2       
114_8    8 library 0.002 22_8 v22_8=1 v22_8=2       
114_9    9 strategies for community work 0.002 22_9 v22_9=1 v22_9=2       
   5 Managed to put into practice workshop           
115_1    1 classroom organization 0.003 23_1 v23_1=1 v23_1=2       
115_2    2 family/community reunion 0.003 23_2 v23_2=1 v23_2=2       
115_3    3 student government 0.003 23_3 v23_3=1 v23_3=2       
115_4    4 learning corners 0.003 23_4 v23_4=1 v23_4=2       
115_5    5 library 0.003 23_5 v23_5=1 v23_5=2       
115_6    6 microcentros 0.003 23_6 v23_6=1 v23_6=2       
    2 In-service training and support           
   1 Microcentros and experience exchange           
121_1    1 are being organized 0.008 26 v26=1 v26=2 v26=3      
121_2    2 foster exchange between teachers 0.008 28 v28=1        
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121_3    3 regular participation 0.008 27 v27=1 if v28==1        
121_4    4 ReNueva (Comunidad Virtual) 0.008 25 v25=1        
122   2 Model schools 0.033 24 v24=1        
123   3 Mentoring visits 0.033 29 v29=1 v29=2 v29=3      
  2 Classroom organization           
    1 Learning corners           
211   1 in classroom 0.008 53 v53_1=1 v53_2=1       
   2 Stocked with appropriate materials           
212_1    1 experimental materials 0.001 55_1 v55_1=1        
212_2    2 printed materials 0.001 55_2 v55_2=1        
212_3    3 observational materials 0.001 55_3 v55_3=1        
212_4    4 manipulation materials 0.001 55_4 v55_4=1        
212_5    5 materials produced by students 0.001 55_5 v55_5=1        
212_6    6 commercial didactic materials 0.001 55_6 v55_6=1        
213   3 Stocked by teachers, students, community 0.008 57 v57=1 | v57=2        
214   4 Continually expanded  0.008 56 v56=2        
   5 For all subject areas           
215_1    1 Language 0.002 54_1 v54_1=1   0.006 18_1 18_1=1   
215_2    2 Mathematics 0.002 54_2 v54_2=1   0.006 18_2 18_2=1   
215_3    3 Social Sciences 0.002 54_3 v54_3=1   0.006 18_3 18_3=1   
215_4    4 Sciences 0.002 54_4 v54_4=1   0.006 18_4 18_4=1   
215_5    5 Others 0.002 54_5 v54_5=1        
216   6 often used      0.025 19_2 19_2=1 19_2=2 19_2=3 
221   2 Flexible Furniture 0.040 31_2 v31_2==1 | v31_2==2  0.050 7 7=2   
    3 Classroom library           
231   1 in classroom 0.013 49_1, 49_2 v49_1=1 v49_2=1  0.025 17 17=1 17=2  
232   2 often used 0.013 50 v50=1 v50=2 v50=3 0.025 19_1 19_1=1 19_1=2 19_1=3 
   3 contains wide range of materials           
233_1    1 learning guides 0.003 51_1 v51_1=1        
233_2    2 school texts 0.003 51_2 v51_2=1        
233_3    3 literature 0.003 51_3 v51_3=1        
233_4    4 reference works 0.003 51_4 v51_4=1        
233_5    5 others 0.003 51_5 v51_5=1        
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    4 EN instruments           
   1 Instruments exist           
241_1    1 Value board 0.005 70_3 v70_3=1 v70_3=2 v70_3=3 0.017 31_3 31_3=1   
241_2    2 Buzon de compromisos 0.005 70_4 v70_4=1 v70_4=2 v70_4=3 0.017 31_4 31_4=1   
241_3    3 Correo amistoso 0.005 70_5 v70_5=1 v70_5=2 v70_5=3 0.017 31_6 31_6=1   
241_4    4 Diario de confidencias 0.005 70_7 v70_7=1 v70_7=2 v70_7=3      
242   2 Instruments visibly displayed in classroom 0.020 69 v69=1        
251   5 Multigrade classrooms 0.040 6 v6=1   0.050 4, 5 if 5/4<1   
  3 School and Community           
311   1 Flat administrative structure 0.067 61 v61=3        
    2 Parental involvement           
321   1 Frequent contact 0.033 72 v72=1 v72=2  0.083 35 35=1 35=2 35=3 
322   2 Travelling journal 0.033 70_6 v70_6=1 v70_6=2 v70_6=3 0.083 31_5, 34 31_5==1 & 34=3  
323   3 Participation in school work (application)      0.083 16_3 16_3=1   
    3 Community Involvement            
331   1 Map/croquis 0.017 71_1 v71_1=1        
332   2 Monograph 0.017 71_2 v71_2=1        
333   3 Family book 0.017 71_3 v71_3=1        
334   4 Dia de logros 0.017 74 v74=3        
  4 Learning Guides           
    1 Teacher guides           
411   1 Teacher has teachers guide 0.025 34 v34=1        
412   2 Regular use 0.025 35 v35=1 v35=2 v35=3      
    2 Student guides           
   1 Guides available in all subjects           
421_1    1 Language 0.005 38_1 v38_1=1   0.013 11_1 11_1=1   
421_2    2 Mathematics 0.005 38_2 v38_2=1   0.013 11_2 11_2=1   
421_3    3 Social Sciences 0.005 38_3 v38_3=1   0.013 11_3 11_3=1   
421_4    4 Sciences 0.005 38_4 v38_4=1   0.013 11_4 11_4=1   
421_5    5 Others 0.005 38_5 v38_5=1   0.013 11_5 11_5=1   
   2 Guides frequently used           
422_1    1 Language 0.005 40_1 v40_1=1 v40_1=2 v40_1=3      
422_2    2 Mathematics 0.005 40_2 v40_2=1 v40_2=2 v40_2=3      
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422_3    3 Social Sciences 0.005 40_3 v40_3=1 v40_3=2 v40_3=3      
422_4    4 Sciences 0.005 40_4 v40_4=1 v40_4=2 v40_4=3      
422_5    5 Others 0.005 40_5 v40_5=1 v40_5=2 v40_5=3      
423   3 One guide per student      0.063 9 9=3 | 9=4   
    3 Proper use of guides by students           
431   1 Complement guide with other materials 0.025 43 v43=3        
432   2 Do activities in own note book 0.025 44 v44=3   0.042 12_3 12_3=1   
433   3 Do not write in guide book      0.042 12_4 12_4=0   
434   4 Use alone, in pairs, and in groups      0.042 10 10=1   
    4 Proper use of guides by teachers           
   1 Modifications to guides           
441_1    1 Adaptions to context 0.008 41 v41=1        
441_2    2 Frequent modifications 0.008 47 v47=1 | v47=2        
   2 Holistic use/all activities           
442_1    1 basic activities 0.006 42_1 v42_1=1 v42_1=2 v42_1=3      
442_2    2 practice activities 0.006 42_2 v42_2=1 v42_2=2 v42_2=3      
442_3    3 application activities 0.006 42_3 v42_3=1 v42_3=2 v42_3=3      
443   3 Use to promote active learning 0.017 45 v45=1        
  5 Roles of Students           
    1 Student-centered/active learning           
511   1 Work alone, in pairs, and groups      0.025 20 20=2   
511_1    1 work in pairs 0.007 32_2 v32_2=2        
511_2    2 work in small groups 0.007 32_3 v32_3=2        
511_3    3 not always work alone 0.007 32_1 v32_1!=1        
512   2 Teachers as guides 0.020 58 v58=3 | v58=2   0.025 24 24=1   
513   3 Flexible promotion 0.020 30 v30=1        
514   4 Assistance self-reported 0.020 70_1 v70_1=1 v70_1=2 v70_1=3      
514_1    1 each student self-reports      0.013 32 32=3   
514_2    2 students understand purpose      0.013 33 33=4   
515   5 Peer-to-peer tutoring 0.020 33 v33=1 v33=2 v33=3 0.025 23 23=1 23=2  
   6 Progress report           
516_1    1 in own note book      0.013 13 13=1   
516_2    2 with the professor      0.013 14_3 14_3=1   
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    2 School democracy and Shared responsibility            
521   1 Student government      0.042 26, 27 26=1 & 27=3  
521_1    1 Election at start of year 0.017 64 v64=1        
521_2    2 students representing students' interests 0.017 65 v65=3        
   2 Committees           

522_1    1 Standing committees established       0.014 

29 - 
anybody 
in class! 

29_1==1  | 29_2==1 | 
29_3==1 | 29_4==1 | 

29_5==1 
522_11    1 recreation committee 0.002 67_1 67_1=1        
522_12    2 health committee 0.002 67_2 67_2=1        
522_13    3 environment and cleaning committee 0.002 67_3 67_3=1        

522_14    4 
support committee for learning 
children 0.002 67_4 67_4=1        

522_15    5 conflict resolution committee 0.002 67_5 67_5=1        
522_16    6 other committees 0.002 67_6 67_6=1        
    2 Teacher supports student government           
522_21    1 space for committees 0.011 66_1 v66_1=1 v66_1=2 v66_1=3 0.003 28_3 28_3=1   
522_22    2 explains what it is      0.003 28_1 28_1=1   
522_23    3 motivates students to participate      0.003 28_2 28_2=1   
522_24    4 supports elections      0.003 28_4 28_4=1   
    3 Committees work properly           
522_31    1 committees have leaders 0.004 66_2 v66_2=1 v66_2=2 v66_2=3 0.003 30_1 30_1=1   
522_32    2 committees have plans 0.004 66_3 v66_3=1 v66_3=2 v66_3=3 0.003 30_2 30_2=1   
522_33    3 student assemble evaluates progress 0.004 66_4 v66_4=1 v66_4=2 v66_4=3 0.003 30_4 30_4=1   
522_34    4 put plans in practice      0.003 30_3 30_3=1   
   3 Shared responsibilities in classroom           
523_1    1 promoted by teacher 0.008 59 v59=1 v59=2 v59=3      
    2 group roles           
523_21    1 group leader 0.002 60_1 v60_1=1 v60_1=2 v60_1=3 0.002 21_1 21_1=1 21_1=2 21_1=3 
523_22    2 responsible for materials 0.002 60_2 v60_2=1 v60_2=2 v60_2=3 0.002 21_2 21_2=1 21_2=2 21_2=3 
523_23    3 time use  0.002 60_3 v60_3=1 v60_3=2 v60_3=3 0.002 21_3 21_3=1 21_3=2 21_3=3 
523_24    4 group work presenter 0.002 60_4 v60_4=1 v60_4=2 v60_4=3 0.002 21_4 21_4=1 21_4=2 21_4=3 
523_25    5 mediator 0.002 60_5 v60_5=1 v60_5=2 v60_5=3 0.002 21_5 21_5=1 21_5=2 21_5=3 
523_3    3 suggestion box 0.008 70_2 70_2=1 70_2=2 70_2=3 0.010 31_2 31_2=1   
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523_4    4 Classroom rules decided collectively 0.008 62 v62=3   0.010 25 25=3   
523_5    5 understanding importance   0.010 22 22=1   
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