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Abstract 

The world has long committed to ensuring a quality education for every child (United Nations 1948). 

Yet, while school enrolments have increased dramatically over the past 50 years, learning has remained 

low; many children who are in school are not achieving even basic learning outcomes. The nine papers 

being submitted towards this PhD by Publication make four main contributions: they develop and 

employ new methods to study children’s learning achievements, assess the consequences of poor 

learning for later life outcomes, propose new ways to model key policy choices to improve learning, 

and investigate the role of system coherence for improving learning outcomes. First, I analyse data 

using learning trajectories, rather than the standard approach of using single point-in-time learning 

outcomes, to study children’s learning as they progress through school. Second, I investigate the role 

of learning in later life outcomes, including women’s fertility, empowerment, and child mortality. Third, 

I develop a structural model of the learning process and use it to model education policy outcomes. The 

model suggests that achieving universal grade 10 completion would produce little literacy gain as 

children are too far behind to gain much learning from the additional years. However, slowing the pace 

of the curriculum to better match children’s pace of learning could increase learning levels by the 

equivalent of 1.6 years of schooling. Fourth, I investigate the role of education system coherence in 

driving learning outcomes. I use the Surveys of Enacted Curriculum to quantify instructional 

misalignments in Uganda and Tanzania, and an education system diagnostic approach to describe 

reform coherence in Brazil and Indonesia. Taken together, these papers contribute to the emerging field 

of systems thinking in international education research. 
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1. Introduction 

Beginning with the Universal Declaration of Human Rights in 1948, the world has committed to 

ensuring a quality education for every child (United Nations 1948). In 1990, the World Declaration on 

Education for All reiterated this commitment, specifying that “Every person – child, youth, and adult 

– shall be able to benefit from educational opportunities designed to meet their basic learning needs” 

(World Conference on Education for All 1990). Sustainable Development Goal 4 (SDG 4) further 

reinforced these commitments in 2015, including with targets for learning outcomes (United Nations 

General Assembly 2015).  

Since the time of the 1948 Declaration, school enrolment rates have risen dramatically. Globally, 

between 1950 and 2010, the percentage of the population aged 15 years or older with at least some 

schooling rose from 52.9% to 85.2% (Barro and Lee 2013). In developing countries, average years of 

schooling grew from 2.02 years in 1950 to 7.20 years in 2010 (Barro and Lee 2013). As of 2023, 

primary school completion rates were 88% globally (UNESCO 2024).  Nearly all children now attain 

at least some schooling.  

However, learning has remained low. In five out of six African countries included in a UNESCO 

study on learning achievements, less than 15% of children met or exceeded the SDG target for 

reading1 (UNESCO Institute of Statistics 2022). In India, just 21% of children in grade 3 can read a 

grade 2 level text and just 26% of children in grade 5 can solve a simple division problem (ASER 

Centre 2023). In Uganda, only 33% of children in grades 3-7 can read and comprehend a grade 2 level 

story and less than half can solve a grade 2 level mathematics problem (Uwezo Uganda 2019). 

Now that most children are in school, the frontier in international education research and practice is 

how to ensure they learn while there. This critical analysis reviews nine published papers being 

submitted towards a PhD by Publication that contribute to this topic. Table 1 provides an overview of 

these papers, while Appendix 1 reports the full references. These papers use novel approaches to 

document and measure learning outcomes, investigate the consequences of low learning for later life 

outcomes, model policy approaches to improve learning, and refine the hypothesis that system 

incoherence for learning constrains learning, suggesting that, by inference, improving coherence for 

learning is key for improving outcomes. Together, these papers contribute to the new and growing 

field of systems thinking within international education research.  

The first set of papers analyses data using learning trajectories, departing from the standard approach 

of using single point-in-time learning outcomes, to investigate children’s learning as they progress 

through school. The first paper in this set uses unique, nationally representative data on adult learning 

levels in 10 LMICs across Africa and Asia, finding that only half of young adults who completed 

 
1 Countries included Burkina Faso, Burundi, Cote d’Ivoire, Kenya, Senegal, and Zambia. Kenya was an outlier, 

with 46.7% of students demonstrating proficiency in reading.  
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primary school achieved foundational literacy (Kaffenberger and Pritchett 2020) (paper 1, Table 1). 

Furthermore, even if all had completed primary school, literacy would have increased by only eight 

percentage points on average.  

The second paper in this set further uses learning trajectories to propose a novel conceptual and 

empirical definition of education poverty which takes learning dynamics into account (Kaffenberger, 

Pritchett, and Viarengo 2023) (paper 2, Table 1). The paper defines a low, extreme education poverty 

standard and a higher, global education poverty standard, aligning with approaches to measuring 

income poverty (Jolliffe and Prydz 2016; Ravallion, Datt, and van de Walle 1991). The findings 

confirm that the overwhelming obstacle to addressing education poverty is not school grade 

attainment, but the insufficient pace of learning, hindering children from achieving minimum 

standards.  

The second set of papers examines the role of learning in later life outcomes. While it is well 

established that education improves both pecuniary and non-pecuniary outcomes (Psacharopoulos and 

Patrinos 2004; Gakidou et al. 2010), most studies use years of schooling as a proxy for education 

without accounting for variation in learning across children per year. Drawing on data from more than 

50 countries, the first paper in this set investigates the separate roles of school grade attainment and 

literacy achievement in girls’ later life outcomes (Kaffenberger and Pritchett 2021b) (paper 3, Table 

1). The findings reveal, for instance, that while completing primary school alone is associated with a 

26% reduction in later child mortality, completing primary school and achieving basic literacy is 

associated with a 70% reduction.  

The second paper in this set uses unique longitudinal quantitative and qualitative data for Ethiopia, 

India, Peru, and Vietnam to investigate the association between learning and schooling persistence 

(Kaffenberger, Sobol, and Spindelman 2023) (paper 4, Table 1). The findings show that a one 

standard deviation higher math score at age eight is associated with a 50% reduction in the odds of 

children dropping out by age 12. Additionally, complementary qualitative analysis indicates that 

parents often choose to discontinue schooling when they find their children are learning little, and 

girls often choose marriage over staying in school when they realise their learning progress is 

minimal. 

A third set of papers develops a structural model of the learning process and uses it to model 

outcomes of varied policy approaches. The global health field has a long history of using modelling to 

inform health policy decision-making (Dodd et al. 2017; Stenberg et al. 2019; Pichon-Riviere et al. 

2020), but similar modelling is not common in education. In the first paper in this set, the 

parameterised structural model suggests that increasing schooling to universal grade 10 completion 

would produce little gain to literacy levels, as most children are too far behind the level of instruction 

to gain much learning from the additional years in school (Kaffenberger and Pritchett 2021a) (paper 5, 
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Table 1). Slowing the pace of curriculum to better match children’s pace of learning, however, would 

increase grade 10 learning levels by the equivalent of 1.6 years of schooling, by reducing the number 

of children falling behind. 

The second paper in this set uses the model to analyse the potential long-term consequences of Covid-

19 induced school closures on learning (Kaffenberger 2021) (paper 6, Table 1). Without adequate 

catchup programmes, the model shows that initial learning losses of one-third of a year’s worth of 

learning could continue accumulating even after children return to school, growing to over one year’s 

worth of learning loss. The model suggests that keeping remediation policies in place long term, to 

help children keep up with the level of instruction, could more than make up for learning losses. 

The final set of papers examines the concept of education system coherence and its role in learning 

outcomes. Systems thinking is receiving increasing attention in the international education sector 

(Faul and Savage 2023; Global Partnership for Education 2022), as growing evidence shows that 

isolated educational inputs typically do not improve learning (Glewwe, Kremer, and Moulin 2009; 

Mbiti et al. 2019). The first paper in this set uses the Surveys of Enacted Curriculum (SEC) (Blank, 

Porter, and Smithson 2001; Porter 2002) to empirically quantify the content and alignment of primary 

curriculum standards, national exams, and teacher classroom instruction in Uganda and Tanzania 

(Atuhurra and Kaffenberger 2022) (paper 7, Table 1), representing the first application of the 

methodology in LMICs. The analysis identifies multiple areas of misalignment. For instance, for 

English, the Ugandan curriculum places two-thirds of its emphasis on just three topics, 

comprehension, language study, and speaking and presenting, while teachers spread their coverage 

across 14 topics and prioritise low levels of cognitive demand such as memorisation. 

The second paper in this set uses an education systems framework (Moore 1995; World Bank 2004; 

Pritchett 2015) and a case study approach to analyse the coherence of reform efforts in Brazil and 

Indonesia (Kaffenberger and Spivack 2023) (paper 8, Table 1). The final paper reviews three 

approaches, one quantitative and two qualitative, for analysing education system coherence for 

learning at the curricular, instructional, and reform level (Kaffenberger, Silberstein, and Spivack 

2023) (paper 9, Table 1). The findings from these papers support the hypothesis that system coherence 

is an important factor in learning outcomes. 

This critical analysis reviews each paper in turn, as listed in Table 1. 
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Table 1 Papers being submitted towards PhD by Publication 

Note: Full references are available in Appendix 1. 

2. Measuring learning outcomes 

Most standard national, regional, and international learning assessments measure children’s learning 

levels only at a particular age or grade level, limiting their ability to detect when children begin to fall 

behind and where extra learning support is most needed. For instance, the Programme for 

International Student Assessment (PISA) and PISA for Development (PISA-D) assess only 15-year-

olds currently enrolled in school (Sellar and Lingard 2014). The Southern and Eastern Africa 

Consortium for Monitoring Education Quality (SACMEQ), a regional assessment, measures learning 

only among sixth-grade students. While these assessments provide valuable, cross-country 

comparable information on children’s learning achievements (Fehrler, Michaelowa, and Wechtler 

2009; Howie 2022), they do not provide information on children’s learning pathways as they progress 

through school. 

To address these gaps, novel types of learning assessment data have emerged. Recent survey rounds 

of the Demographic and Health Surveys (DHS), nationally representative household surveys, 

introduced an enumerator-administered literacy assessment, which has been used for monitoring SDG 

4 (UNESCO 2020). UNICEF’s Multiple Indicator Cluster Surveys (MICS) recently began 

administering adult and child literacy assessments as a part of their household surveys (Thorn 2020). 

Citizen-led assessments such as the Annual Status of Education Report (ASER) in India and Uwezo in 

East Africa assess children of all primary school grades and ages (Banerji, Bhattacharjea, and 

Wadhwa 2013; Mugo et al. 2015). These assessments all cover children or adults with varied levels of 

school completion.2  

 
2 It should be noted that while these novel surveys provide helpful insights and have been administered in 

countries and contexts where evidence was missing, caution should be exercised in using them to make grand 
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2.1 Learning trajectories across 10 LMICs 

The advent of novel learning assessment data enables a new type of learning analysis: learning 

trajectories. Learning trajectories are a descriptive, analytic approach for investigating children’s 

average learning progressions, representing the empirical relationship between years of schooling and 

learning achievement. This novel analytical technique enables targeting of policies and interventions 

not only to the children who most need them, but also at the point in the schooling process when 

children need them most. 

In the first paper submitted towards this PhD by Publication, my coauthor and I use unique, nationally 

representative, cross-sectional data on young adult schooling attainment and learning levels to analyse 

learning trajectories across 10 LMICs across Africa and Asia (Kaffenberger and Pritchett 2020) 

(paper 1, Table 1).3,4 We use data from the Financial Inclusion Insights (FII) surveys, which include 

an enumerator-administered assessment of adults’ functional literacy. By combining the data from the 

literacy assessment with the highest level of schooling completed by young adults, we analyse 

average literacy by schooling level completed and use the resulting learning trajectories to simulate 

policy approaches to improve learning.5 It is important to note that these learning trajectories 

represent correlations between schooling attainment and learning achievement, rather than causal 

relationships6, and should be interpreted as average learning trajectories at the systems level, rather 

than learning trajectories of individual children (the analysis of which would require longitudinal 

data).7 

The first finding reveals that in six out of the ten countries, half or less of young adults who 

completed primary school as their highest level achieved basic functional literacy (Figure 1). 

Additionally, learning trajectories show that learning is highly varied across countries. Literacy levels 

among young adults with primary school as their highest level range from 20% in Bangladesh to 80% 

in Tanzania. Literacy learning trajectories through primary school are steeper in Tanzania and 

 
claims as some of them lack the quality and depth of learning measures used in other assessments and for some 

the administration has been subject to criticism. 
3 The terms ‘learning trajectories’ and ‘learning profiles’ are used interchangeably. In this critical analysis I use 

the term ‘learning trajectories’ for consistency; in Kaffenberger and Pritchett (2020) we used the term ‘learning 

profiles’. 
4 Countries included Bangladesh, Ghana, India, Indonesia, Kenya, Nigeria, Pakistan, Rwanda, Tanzania, and 

Uganda.  
5 The literacy test in the FII surveys is a relatively low bar for literacy and is used in this analysis as a proxy for 

broader learning achievement. 
6 Concerns often arise regarding potential over-estimation of relationships due to omitted variables and selection 

biases. However, most learning trajectories analyses show very low learning achievement per year in LMICs. If 

these estimates are indeed biased upward, then causal trajectories would show even flatter trajectories, 

reinforcing the findings of low average trajectories. 
7 See, for instance, Global Education Monitoring Report Team (2021) and Bau, Das, and Yi  (2021) for 

discussions of non-linearity of individual children’s learning trajectories. 
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Rwanda, while in Nigeria and Uganda they are relatively flat, with only small increases in literacy 

through primary school completion.8 

Figure 1 Learning trajectories across ten LMICs: Percent literate at each schooling level 

 

Next, we use the learning trajectories to simulate multiple policy priorities (Kaffenberger and Pritchett 

2020). Initially, we simulate universal primary school completion, which is a common national policy 

objective. Using equations 1 and 2, we simulate how literacy levels would change if all young adults 

who did not complete primary school instead had completed primary school at the average learning 

trajectory for that country. The actual literacy L in a country i can be represented as 𝐿𝑖: 

𝐿𝑖 = ∑ 𝛼𝑙𝑖 ∗ 𝑠𝑙𝑖
𝑙
𝑙=0  (1) 

Where 𝛼𝑙𝑖 is the share of young adults in country i with level l as their highest level of schooling 

attainment, and 𝑠𝑙𝑖 is the share of young adults in country i with highest schooling attainment of l who 

have achieved basic literacy. To simulate universal primary completion, we assume all young adults 

with less than primary completion (l = 0 or 1) instead complete primary school, achieving the average 

 
8 These differences across countries are not surprising. Rwanda and Tanzania, for instance, have one to two 

primary spoken languages, while Nigerians speak more than 500 different native languages. Alignment between 

children’s mother tongue language, or the language spoken at home, and the language of instruction, has 

important implications for achieving foundational literacy skills.  
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literacy of those who completed primary school (l = 2). Simulated counterfactual literacy for country i 

in this scenario (𝐿𝑖
𝑆) is: 

𝐿𝑖
𝑆 = ∑ 𝛼𝑙𝑖 ∗ 𝑠2𝑖

1
𝑙=0 +∑ 𝛼𝑙𝑖 ∗ 𝑠𝑙𝑖

5
𝑙=2  (2) 

The gains in literacy in the counterfactual scenario will be larger when a larger share of young adults 

have not completed primary school and when the learning trajectory is steeper in primary school. The 

simulations suggest this scenario would increase literacy levels by only eight percentage points on 

average, leaving 27% of young adults functionally illiterate. The reason for the modest literacy gain is 

twofold. First, most young adults, 76% on average across the 10 countries, completed primary school, 

so achieving universal primary completion would have only affected about a quarter of young adults. 

Second, the typical pace of learning is so shallow that the additional years of schooling would have 

added little to the literacy level.  

We next simulate a series of gender equality scenarios, using the same method as in the schooling 

completion simulations. These simulations find, for instance, that if young women had the same 

schooling attainment levels as young men but maintained their current learning trajectories, their 

literacy would increase on average by only seven percentage points, leaving 34% of young women 

illiterate. Achieving equality yields only limited learning gain for young women due to the shallow 

learning trajectories observed for both young women and young men on average. In our final 

simulations, we find that steepening learning trajectories to match those of the best-performing of the 

ten countries – Indonesia – would yield greater gains in literacy levels than achieving universal 

primary schooling or gender equality. 

This study is part of a growing body of research and practice using learning trajectories. Barros and 

Ganimian (2023), for instance, analyse learning trajectories for children’s mathematics skills in India. 

Bau, Das, and Yi Chang (2021) explore learning trajectories using longitudinal data from Pakistan, 

finding significant variation in children’s learning by initial achievement level. Learning trajectories 

also serve as an input to a new macro measure of education, Learning-Adjusted Years of Schooling 

(LAYS) (Filmer et al. 2020). Among practitioners, UNICEF and UNESCO have both taken up the use 

of learning trajectories analysis (UNICEF 2022; UNESCO 2022).  

There may be tradeoffs in the use of learning trajectories, as they require data from multiple grade 

levels or ages, compared with simpler measures of learning. However, learning trajectories provide a 

much richer set of information, including when children tend to fall behind expectations in the 

schooling progression, and the extent to which trajectories differ across student groups revealing 

which groups may need enhanced support, among others. Numerous existing data sources contain 

information suitable for analysing learning trajectories, and the availability of appropriate data is 
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growing, thereby enhancing the viability of this approach.2.2 Learning trajectories as a basis for a 

new definition of education poverty 

As acknowledgment of low average learning achievement grows, the need to define and measure 

education poverty9 has become increasingly pertinent. Learning trajectories provide an opportunity to 

define education poverty in a way that takes learning dynamics into account and that is informative 

for policymaking. In a second paper submitted as part of this PhD by Publication, my coauthors and I 

propose a novel conceptual and empirical definition of education poverty using learning trajectories 

(Kaffenberger, Pritchett, and Viarengo 2023) (paper 2, Table 1).  

Initially, we offer three arguments about education poverty that shape our proposed education poverty 

standards. First, we argue that measures of schooling alone, such as grade attainment or completion 

levels, are insufficient as measures of education poverty, similar to the point made in Sustainable 

Development Goal Target 4.1, which includes measures of both schooling attainment and learning 

achievement. Learning trajectories are too shallow, and too many children progress from grade to 

grade lacking even basic skills. A definition of education poverty must therefore include a measure of 

learning alongside schooling. Second, recognising the dynamic nature of education throughout 

childhood and young adulthood, with varying learning objectives and the potential for both learning 

accumulation and deterioration, education poverty should encompass both early and late standards. 

Third, as with income poverty lines (Jolliffe and Prydz 2016; Ravallion, Datt, and van de Walle 

1991), education poverty should include both a low, extreme standard, which represents the 

educational equivalent to an extreme poverty line which every child should exceed, and a higher 

‘global’ standard, which is a reasonable aspiration for every child but which may not be achieved by 

some children, even in higher performing countries. 

The paper’s conceptual contribution lies in combining these to propose two education poverty 

standards. First is an early/extreme education poverty standard that represents the foundational skills, 

capabilities, and competencies all children should achieve early in their schooling. This would be 

measured at about age 8 or 10, typically corresponding to grade 3 or 4. Second is a late/global 

education poverty standard that children reach later in their schooling and that requires concerted 

effort even in well-performing countries to ensure children surpass. This would be measured at ages 

15 or older, corresponding to grade 10 or 12 and beyond. These align with parts of the SDG Target 

4.1 indicators which measure learning in grades 2/3, at the end of primary school, and at the end of 

lower secondary school, and which measure completion rate of primary education, lower secondary 

education, and upper secondary education. 

 
9 In this critical analysis, “poverty” is defined as “a lack of something”, and the term “education poverty” 

specifically refers to “a lack of quality education”.  



14 

 

Our empirical contribution involves documenting education poverty levels using both standards and 

multiple datasets. Table 2 shows analysis of early/extreme education poverty, using UNICEF’s MICS 

numeracy data and DHS literacy data, and late/global education poverty, using PISA and PISA-D 

mathematics data. In many LMICs, most children fail to reach either the early/extreme or late/global 

education standard, even if they have attended the appropriate years of schooling.  

For the early/extreme standard, for instance, only 1.7% of children in the Central African Republic 

who have completed grade 6 achieved UNICEF’s standard for foundational numeracy.10 For the 

late/global standard, PISA and PISA-D assessments reveal that in Paraguay, Senegal, and Zambia, 

less than 10% of in-school 15-year-olds reach PISA level 2 or higher, considered a minimum 

proficiency level. Overall, our findings confirm that the overwhelming obstacle to addressing 

education poverty today is not enrolment or school grade attainment but the shallow pace of learning, 

preventing children from reaching minimum standards. 

Table 2 Education poverty using various assessments 

 

 
10 UNICEF’s standard for foundational numeracy is below the globally accepted definition of minimum 

proficiency, indicating that an even smaller proportion of children have reached the global minimum proficiency 

level. 
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Our proposal of early/extreme and late/global education poverty standards is similar to measures of 

income poverty. The World Bank, for instance, uses an extreme poverty line of US$2.15 per day, 

below which individuals are unable to obtain the minimum level of necessary consumption in poor 

countries (Ravallion, Datt, and van de Walle 1991). Because simply emerging from extreme poverty 

is not the aspiration of individuals or countries, however, the World Bank also has a higher poverty 

line, of US$6.85 per day, which is more relevant in middle income countries (Jolliffe et al. 2022).11 

Similarly, our proposed early/extreme education poverty standard represents a floor, below which no 

child’s or adult’s educational achievement should fall, while the late/global standard is a higher but 

still reasonable aspiration. Furthermore, because education is multidimensional, our proposed measure 

shares similarities with multidimensional poverty indices, which integrate deprivations across health, 

education, and standard of living (United Nations 2023). The proposed approach to education poverty 

focuses on a subset of these dimensions by combining measures of schooling attainment and learning 

achievement. 

3. The role of education in later life outcomes 

It is well established that education plays an important role in individuals’ later life outcomes. 

Research on the pecuniary returns to education, for instance, suggest a typical return of 7-10% per 

year of schooling (Psacharopoulos and Patrinos 2004; Duflo 2001; Peet, Fink, and Fawzi 2015). In 

terms of non-pecuniary returns, women’s schooling has been credited with substantial reductions in 

child mortality and fertility in LMICs (Gakidou et al. 2010; Cleland and Van Ginneken 1988; Psaki et 

al. 2019). However, most studies use schooling attainment as a proxy for education without 

accounting for variation in learning across children per year. Two recent systematic reviews 

examining causal links between female education and maternal and child health and sexual and 

reproductive practices highlight the scarcity of studies incorporating measures of learning (Mensch et 

al. 2019; Psaki et al. 2019). Both reviews acknowledge this as a shortcoming of the current literature.  

The next two papers submitted as part of this PhD by Publication contribute to filling this gap by 

considering the role of learning in later life outcomes. If learning plays a substantial role in outcomes, 

and children already spend many years in school learning little, improving learning per year could be 

both an effective and an efficient way to improve children’s life outcomes. 

3.1 Girls’ learning and life outcomes  

A third paper submitted as part of this PhD by Publication addresses this gap in the literature by 

examining the associations between girls’ schooling, learning, and later life outcomes in LMICs 

(Kaffenberger and Pritchett 2021b) (paper 3, Table 1). Given the low average learning levels in 

 
11 The World Bank has an additional poverty line, of US$3.65, which is most relevant in lower-middle income 

countries. 
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LMICs, if even a part of the causal pathway between schooling and outcomes is through learning, 

existing estimates of the impact of schooling might be underestimating its potential impact. This, in 

turn, may incorrectly steer investment and policy away from education relative to other priorities. 

Furthermore, if all or most of the causal pathway is through learning, the returns to improving 

learning are greater than previously understood. 

For our analysis, my coauthor and I draw on two sources of nationally representative household 

survey data: DHS surveys and FII surveys, each covering multiple LMICs. Each survey employs a 

common questionnaire across countries and includes measures of schooling attainment, literacy, and 

outcome variables of interest.12 For DHS data, we use all available datasets that include the literacy 

assessment module, which was added to questionnaires in 2000. (some countries have conducted 

multiple DHS surveys since the literacy assessment was added). In total, we use DHS data from 128 

surveys in 54 countries. For FII data, we use the most recent survey, from 2015, for each of the 10 

included countries. We refer to each country-year-data source (DHS or FII) combination as one 

‘survey round’, and therefore analyse a total of 138 survey rounds. 

We analyse the associations of schooling attainment and literacy achievement with four outcomes: 

women’s fertility, child mortality, and women’s empowerment using DHS data, and women’s 

financial behaviours using FII data. We conduct all our analysis at the level of the survey round, 

running regressions separately for each.13 We aggregate results using standard random effects meta-

analysis weighting methods, such that more precise estimates are given more weight than less precise 

estimates. Our data is observational, and therefore we do not claim to identify causality. Rather, we 

aim to exploit existing data that includes measures of both schooling and learning to investigate and 

signal the potential importance of disentangling schooling and learning in future studies, which could 

include causal studies. 

We first estimate the separate associations between schooling attainment, literacy achievement, and 

our outcome variables. Utilising equation 3, each outcome (Yi), observed for each woman (i), is 

regressed on her years of schooling completed (Si), her extent of learning (Li), other control variables 

(Zi, which includes age, rural or urban geography, household wealth index), and an error term. 

𝑌𝑖 = 𝛽0 + 𝛽1𝑆𝑖 + 𝛽2𝐿𝑖 + 𝛽3𝑍𝑖 + 𝜀𝑖 (3) 

 
12 The DHS surveys measure schooling in terms of the highest grade attended. For literacy, respondents attempt 

to read one simple sentence, and enumerators record their literacy on a three-point scale from “unable to read” 

to “read the full sentence”. The FII surveys measure schooling in terms of levels, including “no formal 

education”, “primary education not complete”, “primary education complete” and so on. For literacy, 

respondents read a three-sentence passage and the enumerator records their literacy on a four-point scale from 

“unable to read” to “read fluently without help”.  
13 We use an instrumental variables approach to address differential measurement error in the schooling and 

literacy variables; see Kaffenberger and Pritchett (2021b) for more details. 
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Subsequently, we employ our estimates of 𝛽1 and 𝛽2 from equation 4 to predict the total contribution 

of basic education (1) to outcomes (equation 4). We define basic education as an individual 

completing primary schooling (𝑆𝑖
𝑝
) and achieving foundational literacy (𝐿𝑖

𝐹𝐿) (as observed in our 

datasets). This represents the potential contribution to outcomes that could be achieved if schooling 

consistently produced a defined level of foundational learning.  

1 = 𝛽1 ∗ 𝑆𝑖
𝑝
+ 𝛽2 ∗ 𝐿𝑖

𝐹𝐿    (4) 

We find that for each of the four outcomes, basic education, which includes both primary schooling 

and literacy, has a much larger association with life outcomes than primary schooling alone. For 

fertility, the direct contribution of primary schooling (𝛽1 scaled to represent primary schooling), 

which represents a girl completing primary school without achieving foundational literacy, is a -0.54 

reduction in total fertility (compared to an average of 3.37 births). This is equivalent to a 16% 

reduction (Figure 2). The contribution of basic education (1), which represents a girl completing 

primary school and achieving foundational literacy, is -1.24, equivalent to a 37% reduction in total 

fertility.  

These findings suggest that there are drastic differences in the association of girls’ education with a 

later life outcome when girls are learning little compared with when they are learning more. Similar 

findings emerge for the other three outcomes. 
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Figure 2 Associations between girls’ primary schooling, basic education, and later life outcomes 

using scaled coefficients. 

 

For child mortality, primary schooling contributes directly with a 2.9 percentage point reduction in the 

chance of a woman experiencing the death of a child, from an average of 11% (a 26% decline). Basic 

education, on the other hand, is associated with a 7.7 percentage point reduction, which represents a 

70% decline. 

Primary schooling corresponds to a 0.12 standard deviation increase in the women’s empowerment 

index, whereas basic education leads to a larger increase of 0.68 standard deviation. Finally, primary 

schooling is associated with a 0.44 standard deviation increase in the financial behaviours index, and 

basic education is associated with 0.89 standard deviation. 

These findings suggest that a quality education, which includes both schooling and learning, may play 

a much larger role in women’s later life outcomes than schooling by itself. Most existing studies use 

schooling as a proxy for education. Our findings indicate that such studies likely systematically 

 

Note: Figure shows the random effects weighted average results from IV regressions using 128 

rounds of DHS data (fertility, child mortality, and empowerment outcomes) and 10 rounds of FII data 

(financial behaviors index outcome). "Schooling alone" is the schooling coefficient scaled to 

represent primary school completion. "Basic education" is the linear combination of the schooling 

coefficient scaled to represent primary school completion and the literacy coefficient scaled to 

represent basic literacy.  Source: Kaffenberger and Pritchett (2021b). 
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underestimate the true association between quality education and later life outcomes, particularly in 

contexts with low learning outcomes where the association between schooling and learning is weak. 

3.2 Learning and schooling persistence 

Schooling persistence itself is another outcome to which learning may contribute. Commonly cited 

reasons that children drop out of school include the inability to afford school fees, books, uniforms, or 

transportation costs; participation in income earning activities; household work, particularly for girls; 

pregnancy; and early marriage (Momo et al. 2019; Abuya, Oketch, and Musyoka 2013; Banik and 

Neogi 2015; Biddlecom et al. 2008). Perceived educational quality has also been found to contribute 

to dropout (Hanushek, Lavy, and Hitomi 2008; Jensen 2010). Surprisingly, however, learning 

achievement itself has rarely been considered in analyses of school dropout.  

In a fourth paper submitted as part of this PhD by Publication, my coauthors and I investigate the 

extent to which learning achievement contributes to school persistence and dropout (Kaffenberger, 

Sobol, and Spindelman 2023) (paper 4, Table 1). We hypothesize that poor learning achievement 

could contribute to dropout decisions directly, when children or their parents perceive schooling as 

producing little value. It could also exacerbate other causes of dropout, for instance increasing the 

attractiveness of outside options and the likelihood that children drop out to join the labour force or 

that girls dropout to get married (Bedi and Marshall 2002; Zuilkowski, Jukes, and Dubeck 2016). 

When asked why they dropped out, children often say they dropped out of school to work, but the 

underlying cause could be the poor quality of education. 

This study uses unique, comparable, longitudinal quantitative and qualitative data from Ethiopia, 

India, Peru, and Vietnam, collected through Young Lives surveys, to investigate the relationship 

between learning achievement and schooling persistence and dropout. Longitudinal household 

surveys are rare in LMICs, and those with assessed measures of learning, and linked to qualitative 

insights, rarer still, making this study a novel contribution to the literature. In our quantitative 

analysis, we investigate the extent to which learning is associated with school persistence and 

dropout. Using logistic regressions, we assess whether children’s learning at age eight predicts their 

persistence in school at age 12, and whether learning at age 12 predicts persistence at age 15. We use 

pooled data and standardised Item Response Theory (IRT) scores developed from the Young Lives 

mathematics assessment data.14 

Our qualitative analysis investigates factors which may influence the relationship between learning 

and school persistence. Young Lives qualitative data collection was conducted with approximately 

200 children, parents, caregivers, teachers, health professionals, and community elders in each 

 
14 Despite the panel nature of the data, which allows controlling for unobserved time invariant child 

characteristics, other unobserved variables may still play a role. We use our qualitative analysis to understand 

factors that may play a role that are unobserved in our quantitative data. 
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country between 2007 and 2014. Using existing research that has analysed this qualitative data, we 

identified direct quotes and observations related to learning, schooling, and educational trajectories.15 

We used a deductive approach to develop codes based on our hypotheses, applied these to the sources, 

and analysed the sources thematically. 

The quantitative analysis reveals strong, significant relationships between test scores and subsequent 

school persistence and dropout (Figure 3). A one standard deviation higher math score at age eight is 

associated with a 50% reduction in the odds of having dropped out by age 12. Similarly, among 

children still in school at age 12, a one standard deviation higher math score is associated with about a 

50% reduction in the odds of having dropped out by age 15. Said another way, a one standard 

deviation lower math score is associated with about a 50% increase in the odds of dropping out. 

 
15 While Young Lives publicly shares quantitative data, they do not have a mechanism for making qualitative 

data and original transcripts available. We partnered with Young Lives to identify an exhaustive list of 

publications and reports using Young Lives qualitative data and reviewed 76 papers. Of these thirty-six met our 

criteria and were included in our analysis. 
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Figure 3 Predicted probability of dropout by standardised math test score over two time 

periods. 

 

The qualitative analysis suggests multiple pathways through which learning affects schooling 

decisions. In Vietnam, researchers found that “children’s performance and their perception of the 

value of schooling are the most common” drivers underlying their decision to leave school (Duc and 

Tam 2013). In Ethiopia, one student stated, “When I evaluated my grades in the past seven grades, I 

found that I was not able to sit for the next year national examination because we were not taught very 

well” (Boyden 2013). Students in Peru and Ethiopia reported low learning achievement causing 

embarrassment and shame, leading them to drop out (MacDonald 2011; Crivello and van der Gaag 

2016). 

The qualitative findings further suggest early marriage for girls is more likely after a girl drops out of 

school due to low learning (Young Lives 2016; Tafere and Chuta 2016). In Ethiopia, for instance, 

parents “are more likely to arrange early marriage for their daughters […] when there are doubts over 

their potential educational achievements” (Tafere, Abebe, and Assazenew 2009, 11). Poor learning 

achievement similarly contributes to students leaving school to work. In India and Peru, students 

 

Note: Figure shows the predicted probability of dropout by age 12 based on standardized test score 

(mean of zero and standard deviation of 1) at age 8, and again at age 15 based on standardized test 

score at age 12. Results are based on logistic regressions which control for geography (rural/urban), 

sex, pre-primary school attendance, a wealth index, household head education, whether the child 

started school late, and country. 
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reported that poor learning and anticipation of failing exams led them to drop out and seek income 

earning activities to better provide for themselves (Vennam, Komanduri, and Roest 2016; Rojas, 

Guerrero, and Vargas 2016). 

These findings point to some of the ways that parents and children consider both outside options and 

education quality when making schooling decisions. Information on learning outcomes is key for 

informing such decisions, and trust in institutions also likely plays a role in the decision-making 

process.  

Collectively, the quantitative findings show a significant correlation between learning achievement 

and schooling persistence, while the qualitative findings suggest that part of this relationship is 

plausibly causal, even though other unobservable factors cannot be ruled out. The various factors that 

affect the relationship between learning and schooling detected in the qualitative findings suggest that 

learning may play a larger role in school persistence and dropout decisions than previously recognised 

in the literature. This indicates that the returns on improving learning may be larger than previously 

understood if learning also increases schooling attainment. 

4. Modelling education outcomes 

Improving learning is a complex process involving many actors, inputs, and dynamic interactions. In 

the global health field, there is a long history of modelling disease dynamics to inform decision-

making. Modelling has been used to estimate disease burden, the need for health interventions (Dodd 

et al. 2017), costs and benefits of implementing health interventions at scale (Stenberg et al. 2019), 

and economic outcomes of health policy (Pichon-Riviere et al. 2020). An interdisciplinary field has 

emerged bringing together empiricists and modellers from disciplines including mathematics, 

epidemiology, immunology, sociology, and public health to inform public health decision making 

(Heesterbeek et al. 2015). 

In contrast, the education field has typically focused on reduced-form education production functions 

to estimate relationships between education inputs and outcomes (Bowles 1970; Hanushek 2020). 

Extensive literature has examined the impact on educational outcomes of programmes such as cash 

transfers, scholarships, information-based interventions, school construction, improving teacher 

attendance, increasing provision of material inputs, and remedial instruction (Glewwe, Lambert, and 

Chen 2020; Glewwe and Muralidharan 2016; Ganimian and Murnane 2016).  

While this literature provides precise, reduced form estimates of educational outcomes from specific 

programmes, it has two key shortcomings. First, it does not enable modelling of the dynamic 

interactions that drive educational outcomes, in contrast with global health where health and disease 

dynamics are part of the modelling. Second, it does not typically ‘look inside’ a key part of the 
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production function, namely pedagogy and within-classroom teaching and learning dynamics that 

affect educational outcomes. While cognitive science literature does include work on modelling, such 

as of brain functioning simulations, a review of this body of work falls outside the scope of this 

critical analysis. 

 

4.1. A structural model for learning 

In a fifth paper submitted as part of this PhD by Publication, my coauthor and I contribute to filling 

this gap in the literature by developing a structural model of the learning process, which we call a 

‘Pedagogical Production Function’ (PPF) (Kaffenberger and Pritchett 2021a) (paper 5, Table 1). We 

then use our parameterised model of the learning process to simulate educational outcomes under 

different policy approaches. 

To inform our model’s parameters, we first synthesise empirical literature on learning outcomes, 

learning trajectories, and programmatic and policy approaches that have been shown to improve 

learning, with three key implications for the model. First, learning varies tremendously across 

countries and these differences emerge early in the schooling progression (Singh 2020; Pritchett and 

Sandefur 2020; Hanushek and Woessmann 2008), necessitating a model capable of accommodating 

large variation in per-year gains. Second, learning varies substantially within countries (Spaull and 

Kotze 2015; Beatty et al. 2021; Bau, Das, and Yi Chang 2021), indicating the need for a model that 

allows for variation across the distribution of children’s learning achievement within countries. Third, 

there is often a mismatch between curriculum, instruction, and the typical child’s learning level, 

frequently referred to as ‘overambitious curriculum’, and better alignment typically improves learning 

(Muralidharan and Singh 2021; Pritchett and Beatty 2015; Banerjee et al. 2017; Piper et al. 2018). The 

need for alignment between instruction and children’s learning levels is further reflected in 

psychology and education literature, suggesting that children learn best when instruction is focused on 

their ‘zone of proximal development’ (Vygotsky 1978).16 

Based on this synthesis, we define a set of six parameters to formally characterise the learning 

process. The first parameter is the shape of the PPF, which is assumed to be trapezoidal, allowing for 

variation in learning across the student distribution each year (equation 5 and visualised in Figure 4). 

The second is width (w), which gives the range of student learning levels that learn anything under the 

PPF. Students whose learning level is outside the range (either too high or too low) are assumed to 

have learning gains of zero. The third parameter is height (h), with the maximum and minimum 

 
16 The zone of proximal development is typically defined as tasks that a learner can do only with assistance or 

guidance. This includes tasks that are more difficult than what the learner can do on their own, but not so 

difficult that they are cognitively impossible for the learner (at their current stage of education) even with 

assistance or guidance.  
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heights determining the most and least that is learned by children within the range of the PPF. The 

fourth is slope (r), which connects the maximum and minimum heights and determines the variation 

in learning gained within a single year (steeper slopes produced greater variation across students who 

learn). The fifth parameter is the center (𝜋𝐺), which is the learning level the PPF is centered on. This 

can be thought of as the student learning level that the curriculum and instruction are pitched to. Last 

is the pace parameter (p) which indicates the extent to which the PPF shifts up, towards higher 

learning levels, with each grade level progression.17 

These parameters (except pace, discussed separately) come together in equation 5, and are illustrated 

in Figure 4: 

 

𝑃𝑃𝐹(𝐿𝑃(𝑤, ℎ, 𝑟, 𝜋𝐺), 𝑠𝑖) =

{
 

 

ℎ𝑚𝑖𝑛 + 𝑟 (𝑠
𝑖 − (𝜋𝐺 −
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2
))   
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2
 

 (5) 

 

The PPF represents, on average, what a child i with student learning level s would learn if they 

attended grade G. In equation 5, the learning in grade G of student i of initial learning level s is a 

function of the width w, height h, slope r, and center 𝜋𝐺 of the trapezoid. 

 

 
17 The pace here is best interpreted as the prescribed pace in the standardised curriculum that teachers are 

required to follow in their instruction. It determines how many topics and subtopics must be covered in each 

schooling period, thus determining the speed teachers must maintain to cover all the required material. The pace 

may be slowed, for instance, by reducing the number of required topics and thus allowing more instructional 

time for each remaining topic (see, for instance, Rodriguez-Segura and Mbiti (2022)). 
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Figure 4 Pedagogical production function for modelling the learning process. 

 

The pace parameter, p, represents the shift in the PPF from one grade to the next, as the level of 

instruction shifts to the next grade level. To model learning, we apply the PPF to an initial distribution 

of student learning levels; this produces a new distribution of student learning levels, representing the 

distribution after one year of school. Using the pace parameter, we then shift the PPF to the right, and 

apply it to the new distribution to represent the subsequent school year. As the PPF shifts, some 

students may fall outside its range and cease learning new content due to learning less than the pace 

assumes.  

We first calibrate the parameterised model to reproduce observed learning outcomes. We assume an 

initial normal distribution of children’s learning levels, centered on zero as they enter grade 1. We 

also assume that the grade 1 PPF is centered on this distribution, and that in grade 1 all children are 

within the PPF range (Figure 5, panel 1). We calibrate the model to replicate the average grade 10 

learning distribution in mathematics across seven LMICs that participated in the PISA-D 

assessment.18,19  

 
18 PISA scores are standardised so that the mean score of participating children (who are 15 years old, in school, 

and on average in grade 10) is 500 and the standard deviation is 100. PISA-D uses the same scale, while 

covering a lower-income, lower-performing set of countries. For PISA-D, the average score was 324 with a 

standard deviation of 74. We calibrated the model so that the portion of the student distribution which is in-

school in grade 10 reflects the PISA-D results. We assume lower performing students drop out first.  
19 We calibrated our model to PISA-D learning outcomes because of the availability of comparable learning 

outcomes data across multiple developing countries on a standardised scale. PISA-D is just one option, and in 

future work the model could be calibrated to alternative learning outcomes data. Details on the calibration 

process are available in Kaffenberger and Pritchett (2021a). In future work we seek to incorporate additional 
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Figure 5, panel 2, shows the distribution of children’s learning levels at the end of grade 10 produced 

using the calibrated PPF. These calibration results show that by grade 10, the majority of children are 

outside the range of the PPF and not learning. Figure 5, panels 3 and 4 show the average learning 

trajectory and learning trajectories by initial learning quintile,20 respectively, produced by the 

calibrated model. The learning trajectory of the bottom quintile of learners is flat after grade 4 (Figure 

5, panel 4). 

Figure 5 Student learning distributions and PPF in grade 1 and 10 and learning trajectories 

using the calibrated PPF model. 

 

 
data sources into the calibration process to continually improve and advance the model’s ability to represent 

education system dynamics. 
20 The terms ‘learning trajectories’ and ‘learning profiles’ are used interchangeably. 

 

Source: Kaffenberger and Pritchett (2021a) 
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We use this calibrated model to analyse four counterfactual policy scenarios.21 We first simulate 

expanding schooling completion to reach universal completion of grade 10. This simulation represents 

a 70 percentage-point increase in grade 10 completion, from the current completion rate of 30%. The 

model suggests that this large increase in schooling attainment would produce only limited learning 

gains: it would increase average grade 10 learning by 9.2 points on the PISA scale,22 representing the 

learning equivalent of 0.25 years of school in PISA-D countries (Figure 6). The small magnitude of 

the gains stems from many of the children being outside the range of the PPF, which implies they 

could not engage in the learning process despite the additional years in school. 

Figure 6 Summary of simulated learning gains, in terms of learning-equivalent years of 

schooling, for various policy scenarios. 

 

The second counterfactual scenario involves slowing the PPF pace, equivalent to reducing the pace of 

instruction or curriculum, to better align with the average pace of children’s learning. Overambitious 

curriculum, which moves faster than the typical pace of learning, causes children to fall outside the 

range of the PPF. Therefore, somewhat counterintuitively, slowing the pace could increase overall 

learning, as more children can keep up with the level of instruction for longer. Using the calibrated 

model to simulate a slower pace yields average grade 10 learning that is 58 points higher on the PISA 

scale, equivalent to an increase of 1.6 years’ worth of learning (Figure 6).  

 
21 We model these counterfactuals as distinct policy scenarios to provide a first benchmark; as policies are often 

designed and implemented as integrated programmes, future work will benefit from modelling feasible 

combinations of policy approaches. 
22 The PISA scale has mean 500, standard deviation of 100 among grade 10 students. 

 

Source: Kaffenberger and Pritchett (2021a) 
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A third scenario simulates expanding the range of instruction by increasing the width to encompass 

more of the left tail of the learning distribution. Implementing such a strategy would require 

equipping teachers to better instruct lower performing children while maintaining a similar level of 

instruction for the rest of the student distribution. This scenario increases average grade 10 learning 

by 34 points, the equivalent of nearly one year’s worth of schooling.  

Finally, a fourth scenario simulates raising the height of the PPF, representing increasing the quality 

of teacher instruction so that all children within the PPF range learn more each year. This scenario 

increases average grade 10 learning by 64 points, the equivalent of 1.8 years’ worth of schooling. 

While increasing PPF height – equivalent to improving the quality of teacher instruction – 

demonstrates the most substantial simulated impact on student learning, it is also likely to be one of 

the harder scenarios to implement. In-service teacher training has proven notoriously difficult to 

implement effectively in LMICs (Popova et al. 2022). Slowing the pace of instruction and curriculum 

and extending the PPF width so that lower performing children receive effective instruction, mirror 

two proven approaches to improving learning: structured pedagogy and teaching at the right level, 

both of which target instruction to children’s learning levels better than typical standardised 

curriculum (Piper et al. 2018; Banerjee et al. 2017). 

On a broader level, this parameterised model has potential for simulating policy approaches in 

numerous contexts. While this study calibrates the model to PISA-D data, it could be calibrated to 

other data sources, including country-specific data sources. Country-specific calibrations could take 

into account contextual factors that were beyond the scope of the current modelling exercise.  

Additionally, there are many factors that affect children’s learning that are not represented in the 

current set of parameters. These include education-specific elements such as textbook availability, 

language of instruction and alignment with home language, and teacher training, as well as broader 

influences like poverty, health, literacy environment, and self-belief. The lack of sufficient data makes 

it challenging to incorporate many of these factors into a quantitative model. Future work will aim to 

explore additional data sources and methods for integrating these factors into the modelling 

parameters. 

Other policy scenarios could also be simulated, such as simulating changes to PPF slope (to increase 

or reduce student learning variation) or simulating different groupings of children so each receives 

instruction tailored to their learning level. Future work could also further refine data needs and 

availability for each parameter and incorporate additional findings from causal evidence of effective 
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interventions. Future work will also benefit from incorporating the costs of reform efforts into the 

modelling to enable consideration of budgetary implications.23 

4.2. Applications of the pedagogical production function 

The Covid-19 pandemic presented an acute education policy situation for which the model developed 

in Kaffenberger and Pritchett (2021a) was well suited. In a sixth paper submitted as part of this PhD 

by Publication, I apply the parameterised, calibrated PPF model to estimate learning losses and the 

potential impact of recovery policies (Kaffenberger 2021) (paper 6, Table 1). This paper provided the 

first estimates for LMICs of the potential long-term learning losses resulting from the Covid-19 

pandemic-related school closures, providing a novel and practical application of the PPF modelling 

methodology. 

Increasing evidence indicates significant learning losses among children during Covid-19 school 

closures. In South Africa, for instance, primary school students lost between half to three-quarters of a 

year of learning (Ardington, Wills, and Kotze 2021). A review found that, on average across 36 

‘robust studies’, children lost about half a year’s worth of learning during school closures (Patrinos, 

Vegas, and Carter-Rau 2023). These studies, however, focus on immediate learning losses accrued 

during school closures, with losses typically measured around the time children return to school. 

Missing from this body of work are estimates of the potential long-term implications of these short-

term losses. 

My sixth paper contributes to filling this gap by modelling potential long-term losses and the long-

term outcomes of different remediation approaches. Children who experienced learning losses during 

school closures re-entered school significantly behind the level of instruction than they otherwise 

would have been, potentially placing them on a long-term, shallower learning trajectory without 

adequate remediation. Therefore, the gap between their actual learning achievement and the 

counterfactual learning achievement without the pandemic could continue to grow even after their 

return to school. 

Using the same calibrated PPF model as in Kaffenberger and Pritchett (2021a), I introduce a learning 

loss shock for children in grade 3 and simulate how their learning is affected through grade 10. 

Assuming children missed out on one-third of a year’s worth of learning during closures – a 

conservative assumption according to empirical evidence24 - with no remediation upon their return to 

school, learning losses are found to grow even after children return to school, with an average deficit 

of one year’s worth of learning by grade 10 (Figure 7). 

 
23 Incorporating costing was, unfortunately, not possible and beyond the scope of the current analysis. 
24 This is a conservative assumption, and more recent empirical findings suggests learning losses were larger 

(e.g., Patrinos, Vegas, and Carter-Rau (2023)). 
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Figure 7 Modelling long-term Covid-19 learning loss and mitigation strategies. 

 

The paper then considers two remediation approaches. First, I model a short-term remediation 

approach. This assumes teachers cover one-third of the grade 3 curriculum upon children’s return to 

school before advancing to grade 4 topics. From grade 5 onwards, instruction reverts to pre-pandemic 

levels and pace. This short-term remediation reduces the long-term learning losses by half, with 

affected children lagging about half a year’s worth of learning behind by grade 10 compared to their 

uninterrupted trajectory (Figure 7).  

The second remediation scenario models the potential outcomes if countries capitalise on the 

disruption caused by Covid-19 and subsequent learning recovery efforts to implement a long-term 

reform strategy. This scenario assumes that remediation occurs when children return to school, as in 

the first scenario, and that subsequently, the level and pace of curriculum and instruction remain 

aligned with children’s learning levels.25 It assumes education systems equip and empower teachers to 

implement effective strategies, such as adapting their instruction to children’s learning levels and 

ensuring children achieve foundational skills needed for later learning, initially for the purposes of 

remediation, and then as part of a sustained effort to maintain effective instructional approaches.  

 
25 I used the optimised PPF pace from Kaffenberger and Pritchett (2021a), which implies better alignment 

between instructional pace and children’s levels and pace of learning. 

Source: Kaffenberger (2021) 
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Using the model, this scenario is found to fully mitigate the Covid-19 related learning losses and 

increase grade 10 learning above the counterfactual of no disruption by more than a full year’s worth 

of learning. As in Kaffenberger and Pritchett (2021a), aligning the pace of instruction with the pace of 

children’s learning produces large simulated gains.  

Subsequent to this study being published, evidence has emerged on learning losses and remediation 

approaches related to Covid-19 school closures, with mixed results. Assessments conducted by 

UNESCO in 2021 found no statistically significant declines in the proportion of children reaching 

established Minimum Proficiency Levels (MPLs) in Burkina Faso, Burundi, Cote d’Ivoire, Kenya, 

Senegal, and Zambia, though the assessments were not able to detect losses below the established 

MPLs (UNESCO Institute of Statistics 2022). In Tamil Nadu, India, on the other hand, remediation 

was found to support a partial recovery of the learning lost during school closures in line with what 

the model predicts (Singh, Romero, and Muralidharan 2024).26  Updating the above model based on 

evidence from post-Covid-19 learning assessments and remediation efforts would be an intriguing 

direction for future work. 

5. Systems thinking in education 

There is increasing focus in international education on systems thinking and systems change to 

improve learning outcomes, stemming from several origins. First, a wealth of evidence shows that 

isolated educational inputs do not typically improve learning (Glewwe, Kremer, and Moulin 2009; de 

Ree et al. 2018; Mbiti et al. 2019; Rodriguez-Segura 2022), suggesting that piecemeal approaches are 

insufficient for improving outcomes. 

Second, evidence shows that approaches that do improve learning typically adopt an integrated 

approach, improving multiple elements in an education system simultaneously. For instance, 

structured pedagogy and teaching at the right level, which have strong evidence for improving 

learning, incorporate multifaceted approaches, including improved sequencing and scope of learning 

topics, teaching and learning materials, teacher training and support, and more (Piper et al. 2018; 

Banerjee et al. 2017; Global Education Evidence Advisory Panel 2023). This suggests that addressing 

multiple system constraints at once may be key for improving learning outcomes.  

Finally, there is a recognition that the growth in education systems in LMICs over the last 70 years 

primarily focused on rapid expansion in schooling attainment (Barro and Lee 2013). Rapid schooling 

expansion has often been tied to goals of nation building, with less emphasis on education quality 

(Reimers 2020; Paglayan 2022; Opalo 2022). Many education systems today are oriented for and have 

 
26 Note that in some contexts remediation may not be feasible, for instance due to budgetary or other constraints. 
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the infrastructure, personnel, and accountability structures to ensure widespread schooling but not 

widespread learning. 

Considerable progress has been made in systems thinking in education. A recent book edited by Faul 

and Savage (2023), and including contributions from more than 25 researchers, practitioners, and 

funders, highlights a growing effort to analyse education systems and address system-level constraints 

to learning.27 Initiatives such as the Research on Improving Systems of Education (RISE) Programme, 

a seven year research endeavor funded by the United Kingdom’s Foreign, Commonwealth, and 

Development Office (FCDO), has been on the forefront of education systems research, arguing that 

achieving system coherence for learning is critical for lasting improvements (Pritchett 2013). 

Education systems change is also a core part of major multilateral organisations’ focus (Global 

Partnership for Education 2022; United Nations 2022).  

A key principle in education systems thinking and in the education systems change literature is that of 

system coherence, which refers to the alignment of system components towards achieving a set of 

common goals (Pritchett 2015; Levy 2022; Crouch and DeStefano 2017). Systems can be coherent for 

different outcomes. For instance, education systems can be coherent for schooling expansion, as in 

LMICs during their rapid expansions in the latter half of the 20th century. Education systems can also 

simply be incoherent for achieving outcomes (Levy 2022). The three papers reviewed in this section 

contribute to refining the hypothesis that improving education system coherence for learning is key 

for improving learning outcomes. 

5.1. System coherence and instructional alignment 

In most education systems, curriculum standards prescribe the content students should learn, and 

classroom instruction, teacher training, teaching and learning materials, assessments, and 

examinations are expected to align with the standards (Porter 2002; McMillan 2008). This alignment 

of instructional elements is considered crucial to student learning (City et al. 2009; Elmore 2010; 

Crouch 2020). Alignment, however, is often assumed rather than verified. Formal analysis of the 

content, progression, and alignment of curriculum standards, exams, and teacher instruction remains 

rare (Burdett 2017; Polikoff 2012). 

In the seventh paper submitted as part of this PhD by Publication, my coauthor and I use a novel 

methodology, the Surveys of Enacted Curriculum (SEC), to systematically analyse and empirically 

quantify instructional alignment in the Uganda and Tanzania education systems (Atuhurra and 

Kaffenberger 2022) (paper 7, Table 1). Most analysis of education system alignment uses qualitative 

methods, such as case studies, ethnographic approaches, or education system diagnostics (Crouch 

 
27 One of the papers reviewed in this section is a chapter in this book. 
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2020; Aiyar et al. 2021). SEC introduces a key innovation to this literature by quantifying alignment 

and misalignment. 

The SEC methodology has been used in the United States for more than 20 years to analyse alignment 

between state-level curriculum, national standards, and teacher classroom instruction (Blank, Porter, 

and Smithson 2001; Porter 2002; Polikoff 2012). Our paper represents the first application in LMIC 

contexts.  

We adapted the SEC approach to quantify the content and alignment of primary curriculum standards, 

national primary leaving exams, and teacher classroom instruction for English and mathematics in 

Uganda and Tanzania. In both Uganda and Tanzania, curriculum standards and national exams are set 

by separate agencies, which hinders content alignment (Ward, Penny, and Read 2006; MoEST 

2018).28 Schools and teachers are expected to both complete the prescribed curriculum and prepare 

children for national exams, and when the content of these are poorly aligned, teachers face an 

incoherent mandate. 

To conduct the study, a team of in-country experts was recruited in each country to develop a 

taxonomy of topics and subtopics for English and mathematics, tailored to each country’s context. 

The experts also adapted a set of five cognitive demand levels, based on Bloom’s taxonomy 

(Anderson and Krathwohl 2001), to each country’s context. They then coded and rated the 

competencies in the curriculum standards and items on the national primary leaving exams using the 

taxonomy and levels of cognitive demand. Teacher instructional content was measured through 

surveying a purposive sample of teachers selected from rural and urban districts in each country, 

using the same structure as that for curriculum and exams. 

The result of this process is a dataset for each of the curriculum standards, national primary leaving 

exams, and teacher instructional coverage that includes the percentage of total emphasis that goes 

towards each topic and cognitive demand combination. The SEC methodology then allows 

quantifying alignment across components on a zero to one scale, with zero indicating no overlap in 

content, and one indicating complete overlap. A score of 0.5 is considered reasonably well aligned 

across components.29 The results are visualised with three-dimensional descriptive content maps. In 

this review, due to space constraints, I focus on results for English in Uganda and Tanzania. Results 

for mathematics are available in Atuhurra and Kaffenberger (2022). 

 
28 In Uganda, curriculum standards are set by the National Curriculum Development Centre (NCDC) and exams 

by the Uganda National Examinations Board (UNEB) (Government of Uganda 1973; 1983). In Tanzania, the 

respective bodies are the Tanzanian Institute of Education (TIE) and the National Examinations Council of 

Tanzania (NECTA) (Government of Tanzania 1975; 2019; MoEST 2018). 
29 Perfect alignment is not the goal. Exams cover a subset of the total content students are expected to learn, and 

teachers adapt their instruction to meet the realities of their classroom. The target level of alignment is informed 

by context, with 0.5 serving as a reasonable rule-of-thumb. 
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In Uganda, the English curriculum standards focus on a relatively narrow set of topics, placing two-

thirds of their emphasis on just three content topics: comprehension, language study, and speaking 

and presenting (Figure 8, panel 1). Most prescribed coverage is at middle levels of cognitive demand, 

expecting students to be able to analyse and demonstrate understanding. National exams cover an 

even narrower set of content, focused on vocabulary, comprehension, and language study at middle 

levels of cognitive demand (Figure 8, panel 2). Teachers, however, spread their coverage across all 14 

topics (Figure 8, panel 3), with a preference for lower cognitive demand levels, emphasising 

memorisation.  

When quantifying alignment, we find that English curriculum standards and national exams in 

Uganda have an alignment score of 0.36, falling below the 0.5 threshold. This is driven in part 

because two high-emphasis topics from the curriculum standards are completely absent from the 

exams (writing applications and speaking and presenting). Comparing teacher instruction with the 

curriculum standards yields an alignment score of just 0.15, indicating very little overlap. The 

visualisations in Figure 8 vividly illustrate this low alignment. 
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Figure 8 Ugandan English: Content and alignment of curriculum standards, national exams, 

and teacher instruction. 

 

In Tanzania, content from three topics dominates the English curriculum standards, accounting for 

80% of total coverage: comprehension, language study, and presenting (Figure 9, panel 1). More than 

half the cognitive demand emphasis is on explain, with the remaining emphasis divided between 

recall and generate.30 The national exams focus on just three topics, vocabulary, comprehension, and 

language study, and the lowest levels of cognitive demand, recall and explain (Figure 9, panel 2).  

While teachers cover similar topics as those prescribed in the curriculum standards, they do so at 

varying levels of cognitive demand and emphasis (Figure 9, panel 3). Notably, two topics receive 

 
30 Because of country-specific adaptations, English in Tanzania uses different labels for the levels of cognitive 

demand, but they refer to the same scale. 

 

Note: Visualizations represent 3-dimensional content maps. Instructional topics are on the Y axis, 

levels of cognitive demand on the X axis, and level of emphasis on the Z axis (displayed using colour 

intensity). The panels show Ugandan English curriculum standards aggregated for grades 1–7 (Panel 

1), aggregate Ugandan English primary leaving exams from 2013 to 2015 (Panel 2), and Ugandan 

English teacher instruction aggregated for grades 3 and 5 (Panel 3). Source: Atuhurra and 

Kaffenberger (2022) 
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70% of the content coverage in the curriculum standards, but receive only 28% of teachers’ 

instruction coverage.  

The English curriculum standards and national exams have an alignment score of just 0.11 in 

Tanzania, indicating very little overlap in content coverage. The second most-emphasised topic in the 

curriculum standards, speaking and presenting, is absent from the exams. Teacher instruction and 

curriculum standards have an alignment score of 0.32, while teacher instruction and national exams 

have an alignment score of just 0.12. 

Figure 9 Tanzanian English: Content and alignment of curriculum standards, national exams, 

and teacher instruction. 

 

The study presents three primary findings. First, in both countries the curriculum standards 

demonstrate room for improvement. English standards offer limited emphasis on or completely omit 

foundational reading skills such as phonemic awareness, phonics, and vocabulary, in both contexts. 



37 

 

Second, the poor alignment between curriculum standards and primary leaving exams burdens 

teachers with the challenging task of determining priorities for instructional time allocation. Third, 

rather than aligning closely with either the curriculum standards or exams, teachers cover broad 

swathes of content. This may be a result of insufficient training or reflect resistance to content that is 

poorly structured for student learning.  

The study illustrates the potential the SEC methodology holds for advancing our understanding of 

instructional alignment and informing policy making. Since our study, SEC has been used in Nepal to 

evaluate implementation of a new literacy curriculum, and in Nigeria, to understand alignment of 

curriculum, exams, teachers’ instruction, and the pace of children’s learning (Atuhurra et al. 2023; 

Adeniran et al. 2023). 

5.2. Education system coherence in reform settings 

In the eighth paper submitted as part of this PhD by Publication, my coauthor and I take a broader 

view of system coherence and study it in the context of a reform package in Sobral, Brazil, and a 

nationwide teacher reform in Indonesia (Kaffenberger and Spivack 2023) (paper 8, Table 1). These 

two reforms were selected because of their divergent outcomes: while Sobral, Brazil succeeded in 

improving children’s learning achievements, the reform in Indonesia failed to yield any impact on 

children’s learning. The study uses an education systems framework and diagnostic approach to 

explore the role of system coherence in these reform outcomes, and serves as an early assessment of 

the usefulness of framework for examining existing and planned policies. 

The education systems framework that we use is rooted in an established framework for public service 

provision (Moore 1995; World Bank 2004) and expanded for education as described in Pritchett 

(2015). The framework identifies four types of relationships, centered around accountability between 

principals and agents, and five elements across which actors in those relationships interact. The 

framework provides the structure for our analysis. 

In the framework, the ‘politics’ relationship represents how citizens interact with the highest 

government authorities (e.g., president’s or prime minister’s office). The ‘compact’ relationship 

represents how these government authorities interact with education authorities (e.g., the education 

ministry). The ‘management’ relationship represents how the education authorities interact with 

frontline education workers (e.g., school leaders and teachers). Finally, ‘voice and choice’ represents 

how parents, children, and communities interact with frontline education workers.31 The five elements 

through which the actors interact are ‘delegation’, ‘finance’, ‘information’, ‘motivation’, and 

‘support’. The relationships and elements are displayed as columns and rows respectively in the 

 
31 Parents, for instance, play a key role in the educational outcomes of their children; a detailed analysis of these 

dynamics is unfortunately beyond the scope of this critical analysis. 
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matrix in Figure 10. Embedded in this framework is a hypothesis that low learning outcomes stem 

from incoherence for learning in the relationships and elements, and that learning improvements result 

from greater coherence for learning. We use the framework to examine the reforms in Brazil and 

Indonesia.  

Sobral, a relatively poor municipality in Brazil, undertook substantial educational reforms between 

2005 and 2017, and subsequently rose from being the 1,366th ranked municipality in Brazil’s national 

basic education assessment to being the top performer (Crouch 2020). By 2017, its test scores 

exceeded by 80% what would be expected for its level of education expenditure relative to other 

municipalities in Brazil. 

To assess the extent to which Sobral’s reform improved system coherence for learning, we mapped 

the reform to the education systems framework. The results are shown in Figure 10. Each cell that was 

addressed through the reform contains a short description of how it was addressed; empty cells were 

not addressed. In the delegation row, we find that within the compact relationship Sobral’s mayor 

committed the education system to achieving clear learning goals – specifically, universal literacy by 

grade 2 (A, Figure 10) (Loureiro and Cruz 2020; Crouch 2020). Within the management relationship, 

the Education Secretariat relayed those goals to schools and teachers (B, Figure 10). Within the voice 

and choice relationship, regular dialogue with policymakers led parents to reinforce the goals with 

schools and children (C, Figure 10).32 

  

 
32 Although many parents initially opposed the reform package, this regular dialogue persuaded them to support 

the reform.  
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Figure 10 Mapping of elements of Sobral, Brazil reform package to the education systems 

framework. 

 

Source: Kaffenberger and Spivack (2023). 
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Within the management relationship, other elements were brought into alignment with learning goals: 

greater support for teachers (D, Figure 10), new information collected through regular assessments 

and progress measured through assessment results (E, Figure 10), and new incentives provided to 

motivate teachers and school leaders (F, Figure 10). All these reform elements were coherent with 

each other and coherent with the learning goals established by leadership. The reform package 

resembles a structured pedagogy programme, which the Global Education Evidence Advisory Panel 

(GEEAP) regards as a highly effective evidence-based approach to improve learning (a “great buy” 

(Global Education Evidence Advisory Panel 2023)). 

This mapping provides compelling evidence that Sobral’s reform created coherence for learning 

within the compact and management relationships and across all five design elements, corresponding 

to the substantial learning improvements achieved from 2005-2017. An early write up of the Sobral 

reform aligns with these findings, stating that Sobral achieved its success because of “its ability to 

converge the whole education system toward learning” (Loureiro and Cruz 2020). 

Turning to Indonesia, we studied the reform known as the ‘2005 Teacher Law’, which aimed to 

improve learning outcomes (de Ree et al. 2018; Chang et al. 2014). Initially drafted as a multifaceted 

reform effort, subsequent political processes watered it down, resulting in an enacted reform that was 

much narrower in scope. The results of our mapping of the reform are shown in Figure 11. 

The original reform intended to improve education outcomes through merit-based teacher certification 

(B and C, Figure 11), a rigorous external evaluation and certification of teacher quality (G, Figure 11), 

comprehensive support and training for teachers who did not pass the certification (F, Figure 11), and 

large salary increases for teachers who passed the certification (D and H, Figure 11). Our mapping 

suggests that the original version of the reform addressed multiple system levers in a coherent way 

and would likely increase system coherence for learning. 

However, political compromises led to the removal of key components (A, Figure 11). In particular, 

the external evaluations, support for struggling teachers, and motivational components were removed 

– described as ‘enacted reform’ in cells C, E, G, and H in Figure 11. Instead, the enacted reform 

provided a nearly universal doubling of teacher salaries, without the other associated components (B 

and F in Figure 11). We find no evidence that the enacted reform took a systems approach nor 

increased system coherence for learning; instead the reform suffered from incoherence within the 

delegation row and the management column. An independent impact evaluation found that the reform 

had no effect on student learning (de Ree et al. 2018). 

  



41 

 

Figure 11 Mapping of elements of the 2005 teacher reform in Indonesia to the education systems 

framework. 

 

Source: Kaffenberger and Spivack (2023). 
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The political economy dynamics varied significantly between the two contexts. In Sobral, for 

instance, the mayor wielded considerable political influence to enact an initially controversial reform, 

and actively worked to gain support from officials, community members, and parents. In Indonesia, 

the political economy dynamics were quite different; teachers’ groups were able to modify the initial 

reform, leading to a version that was less effective in improving learning outcomes.  

Together, our investigations of Sobral’s and Indonesia’s reforms indicate that system coherence for 

learning is indeed associated with improved outcomes. We consider this analysis to lay the 

groundwork for future in-depth investigations into the causal relationships between system coherence 

and learning outcomes. In future work, the framework can also be applied prospectively to diagnose 

incoherence and guide future reforms, in particular by identifying potential shortcomings or risks that 

could impact upcoming initiatives. Notably, at least eight non-governmental organisations have used 

this framework in collaboration with government partners to conduct prospective diagnostics and 

identify system incoherence in Pakistan, Ecuador, South Africa, India, Uganda, and Ghana (Spivack, 

Silberstein, and Hwa 2023). 

5.3. Three approaches for analysing system coherence for learning 

In the final paper submitted for this PhD by Publication my coauthors and I review three distinct 

approaches to analyse system coherence for learning: learning trajectories, ALIGNS principles, and 

the education systems framework discussed in Section 5.2 (Kaffenberger, Silberstein, and Spivack 

2023) (paper 9, Table 1). Evaluation at the system level remains a challenge and different approaches 

may provide complementary insights. This paper aims to illustrate the value of system analysis in 

general, and the use of complementary analysis more specifically, to diagnose challenges with 

learning, and identify ways forward for policy making. We discuss each approach in turn. 

Learning trajectories focus on alignment or misalignment between children’s learning progress and 

curricular or instructional expectations, as discussed in some depth in Section 2.1. By analysing 

grade-specific and standardised learning data, they give information on the extent to which children’s 

learning is keeping pace with grade-level curricular expectations.  

Using UNICEF’s MICS data, we analyse learning trajectories for 22 low- and lower-middle income 

countries and regions for which this data was available at the time of our study, applying the learning 

trajectories methods in Kaffenberger and Pritchett (2020) to this new data source. MICS foundational 

learning assessments cover children aged 7-14 in each surveyed household and measure typical grade 

2 level skills (UNICEF 2022),33 allowing us to examine the alignment between children’s grade level, 

children’s learning progressions, and typical grade-level curricular expectations.  

 
33 We refer to these as grade 2-3 level skills as expectations vary somewhat across countries. 
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Our findings reveal significant levels of misalignment between children’s grade levels, learning 

progressions, and typical grade-level curricular expectations. Across the 22 countries, only 23% of 

children in grade 3 have achieved grade 2 level foundational reading skills. By grade 6, on average 

only half of children have achieved grade 2 level reading skills. Analysing disaggregated learning 

trajectories indicates minimal differences by gender, geography (rural vs. urban), and income level, 

with girls outperforming boys by four percentage points in grade 3. Even among children in the 

highest wealth quintile, only 39% demonstrate foundational reading skills in grade 3. These findings 

highlight large divergences between expectations and children’s actual learning progressions. Because 

instruction typically follows grade-level curricular expectations, many children who have not 

achieved foundational skills are unlikely to be able to engage in learning in later grades. 

The second approach focuses on system coherence at the instructional level. Using a set of four 

principles, which we refer to as the ALIGNS principles, allows us to analyse alignment of learning 

goals, curriculum, assessments, teacher support, and instruction, and points to ways to improve 

alignment in different contexts (Hwa, Kaffenberger, and Silberstein 2020).34  

The first principle includes setting clear learning goals in line with children’s current learning levels. 

Such goals feature, for instance, in the successful Sobral reform, discussed in section 4.2, as well as 

successful programmes in Kenya (Piper et al. 2018; Freudenberger and Davis 2017), Mexico (Crouch 

2020), as well as other settings (Gove and Wetterberg 2011). These goals are often informed by 

assessments shedding new light on low learning. The second principle is to align instruction with 

children’s current learning level and targeted progress. While it may seem obvious to align instruction 

with children’s learning levels, this is typically not the case (Muralidharan and Singh 2021; Pritchett 

and Beatty 2015; Rodriguez-Segura and Mbiti 2022).  

The third principle is to provide effective support to teachers which helps them align instruction with 

the goals and children’s learning levels. Evidence suggests that ongoing support, for instance in the 

form of coaching, is an important component to success (Ardington 2021). The final principle 

represents the need to tailor any efforts to improve system alignment to the opportunities and 

constraints of the context. In some contexts, an overhaul of the national curriculum to better align it 

with children’s learning levels and needs may be possible, while in others aligning instructional 

approaches within the strictures of the existing curriculum may be most feasible. 

Finally, using an education systems diagnostic approach can yield complementary insights to the two 

approaches already discussed in this section. As an illustration, we focus on successful efforts of a 

 
34 In previous work we reviewed three literatures: the cognitive science literature on how children learn, the 

educational research at the classroom level, and evaluations of programmes aiming to improve instructional 

alignment. This led us to a desk review of 12 approaches that have been used across more than 30 countries to 

assess alignment between curriculum, assessment, teacher support and instruction (Hwa, Kaffenberger, and 

Silberstein 2020). 
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non-governmental organization in South Africa to enhance learning by improving system coherence 

for learning. To conduct the diagnostic exercise we use the same framework and approach as in 

Kaffenberger and Spivack (2023), discussed in section 4.2, and apply it to a new programme, namely 

the work of Funda Wande, an education NGO in South Africa that aims to improve foundational 

learning in government schools. Formal impact evaluations have shown that Funda Wande’s 

programmes improved learning outcomes (Ardington 2021; 2023), and we investigate the role that 

improved system coherence for learning may have played in achieving those outcomes. Funda Wande 

provides a unique example in which an NGO addresses multiple system constraints in government 

schools, illustrating how the systems framework can be applied to non-governmental efforts. 

Our study indicates that Funda Wande brought multiple education system relationships and elements 

into alignment with each other, increasing coherence for learning. Within the Management column of 

the systems framework, our analysis reveals that Funda Wande developed new teaching and learning 

materials that met students’ learning needs and aligned with government mandates to teach in local 

languages (C, Figure 12). These materials also provided significant support to teachers, in the form of 

teacher guides and lesson plans, and teachers were offered quality training, ongoing coaching, and 

resources such as video demonstrations of teaching techniques (E, Figure 12) (Funda Wande 2019). 

Furthermore, teachers received incentives in the form of a certification programme following 

additional professional training (F, Figure 12) (Taylor 2021). Funda Wande also innovated 

financially, producing materials at low-cost (D, Figure 12). 
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Figure 12 System alignment in Funda Wande’s approach to improving foundational learning in 

government schools in South Africa. 

 

Within the Compact column of the systems framework, Funda Wande undertook significant policy 

engagement efforts to build and maintain broad government commitment to improving learning (A, 

Figure 12) (Samji and Kapoor 2022). They also rallied philanthropic funding towards these goals (B, 

Figure 12). Our analysis suggests that by addressing multiple, interdependent system components, 

Funda Wande’s work contributed to improving system coherence for learning.  

Our study underlines both the value of system wide analysis, and the contribution of complementary 

approaches. The approaches used contribute to our understanding of system coherence at the 

curricular, instructional, and reform levels, demonstrating a toolbox for analysing education system 

coherence for learning. 

6. Conclusion 

 

Source: Kaffenberger, Silberstein, and Spivack (2023) 
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While most children in LMICs now attend at least some schooling, most learn little while there. In 

Sub-Saharan Africa, 90% of 10-year-olds are in ‘learning poverty’ meaning they cannot read and 

understand a simple story (World Bank 2022). This has life-long consequences. In many countries, 

over half of young adults who completed primary schooling remain functionally illiterate 

(Kaffenberger and Pritchett 2020).  

The papers being submitted for this PhD by Publication make four contributions. They have 

introduced a novel analytical method for analysing learning outcomes, investigated the consequences 

of low learning for children’s later life outcomes, proposed new ways to model policy approaches for 

improving learning, and examined the hypothesis that system incoherence for learning constrains 

learning outcomes. The findings in these papers have several key implications.  

First, it is evident that children often fall behind in learning during their early years of primary school 

and struggle to catch up later. Once learning trajectories plateau, they rarely steepen again. This 

underscores the importance of interventions targeting foundational skills in the early primary school 

years. Equipping children with essential foundational skills enables them to better grasp the 

curriculum and instruction and stay engaged in learning longer. 

Second, because learning may play a larger role in schooling and later life outcomes than previously 

understood, improving learning should be among the policy options considered for achieving many 

development aims. For instance, while extensive health research investigates ways to reduce child 

mortality through health-related interventions, findings discussed in this critical analysis suggest that 

policies to improve learning achievements – not often considered among health interventions – should 

also be considered as a means for achieving such ends. 

Finally, these papers support the hypothesis of system coherence as a driver of learning. Aligning 

different parts of an education system towards achieving a common aim, as was done in Sobral, Brazil 

between 2005 and 2017, can yield substantial effects. Incoherence is often present but hidden, making 

methods such as the SEC and education systems diagnostics important tools for uncovering 

incoherence that may impede learning. 

Future work can extend and expand on these findings. Further investigation of the causal links 

between different types of system coherence and learning outcomes would help test the causal role of 

system coherence in driving learning and help prioritise parts of an education system where coherence 

is most critical. While the SEC approach contributes to our ability to quantify alignment at the 

instructional level, similar methods for quantifying alignment at the reform level are absent and could 

be developed. Questions remain about the degree of system alignment needed for improving learning 

outcomes, and refining measurement of system alignment would facilitate such analysis. 
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Furthermore, future work can also advance the modelling of educational policies and programmes, in 

line with the structural model developed and used in these papers. Modeling has a much deeper 

history in health than in education, and education researchers can learn from health’s examples. 

Future work can refine the parameters, data needs and data sources, and pursue country-specific and 

group-disaggregated modelling of education outcomes. 

On the policy side, using learning trajectories to inform which ages and grades should be targeted for 

intervention in particular contexts holds promise. While the papers being submitted for this PhD by 

Publication analysed learning trajectories at the national level, learning trajectories could also be used 

by teachers at the classroom level to understand and track the learning progress of the children in their 

classroom. 

Efforts to incorporate learning into measures of educational poverty can also be advanced. Additional 

data can be used to analyse education poverty standards, compare education poverty across and within 

countries, and track progress over time. These measures can also enable advocacy and commitment to 

addressing educational poverty, as was achieved with measures of income poverty (Jolliffe and Prydz 

2016). 

The papers being submitted towards this PhD by Publication contribute to the growing field of 

systems thinking within international education research. They point towards policy and future 

research that can help improve learning achievement. My aspiration is that they represent the 

beginning of an ongoing research and policy agenda to improve children’s learning, lives, and life 

chances.  
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