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Abstract 

 

The lack of resources is often highlighted as the most important correlate of poor learning outcomes in 

developing countries. However, increasing school resources may not necessarily drive better learning if 

resources are not properly translated into learning outcomes. The current paper investigates the efficient 

utilization of school resources to promote learning. Applying the Data Envelopment Analysis methodology, 

an efficiency analysis is performed using PASEC 2014 learning assessment that covers 10 francophone, 

West and Central African countries. This paper also tries to better understand to which extent efficiency 

plays a role in the relationship between school resources and learning outcomes. The results show that the 

efficiency of school resource utilization varies across countries and across schools within the same 

countries. The relationship between some of the key elements of school resources and learning is weak in 

the least efficient schools. This suggests that resources allocated to the low efficient schools should consider 

first addressing inefficiency issues. While efficiency drivers may vary depending on the country’s specific 

contexts, findings show that students’ absenteeism, implication of the community in school management, 

teaching time and school environment play a role in school efficiency. 
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1.Introduction 
 

Countries across the global south are increasingly making investments in education in response to the 

overwhelming evidence supporting its value to a nation’s economic development. With the support of 

international development agencies (World Bank, Global Partnership for Education, UNESCO, etc.), and 

under the influence of the Millennium Development Goals (MDG) as well as the recent Sustainable 

Development Goals (SDG4), many African nations have been financially enabled to allocate resources to 

education and schooling. However, as the various political motives that continue to drive distribution of 

funding are coupled with complications in authority over educational financing, these precious resources 

are often managed inefficiently in developing contexts (Geo-Jaja, 2004 and Gershberg and Winkler,2004). 

This can result in cases wherein one region with fewer resources outperforms another region that was 

allotted significantly greater resources than its country counterparts. Such cases exemplify dilemmas of 

learning inefficiency when the learning outcomes of students do not positively align with the resources 

inputted into schools.  

 

The lack of correlation between resources inputted and learning outcomes is alarming in many low-income 

contexts. The 2014 Global Education Monitoring (GEM) Report highlighted though many African nations 

have increased their spending on education over the past two decades, still only 2 out of 5 children achieve 

minimum learning proficiency standards upon reaching grade 4. The GEM report identifies the lack of 

highly trained, motivated teachers as a key source in the global discrepancy between resources and learning 

outcomes. 3 In the specific context of African countries, data shows that resources alone may not drive 

significant improvement in learning outcomes in the presence of inefficiencies. As demonstrated by Figure 

1, there is no correlation between the public cost per primary age child and achievements in learning 

outcomes in select Africa countries. Some countries have relatively higher spending on primary education, 

but this is not translated into learning outcomes. 

 

Figure 1 Public primary education spending per primary school age child and proportion of primary 

completers achieving minimum proficiency level in reading 
 

 
 

Source: Authors’ compilations based on UIS and World Development Indicators 

 

Studies in Africa specifically also highlighted the lack of correlation between education resources and 

learning. For instance, research out of South Africa suggests that this lack of correlation between resources 

and learning could be explained by the socio-economic status of students (Vanderbeg, 2008). Similarly, 

when school resources and achievement are evaluated for countries who participated in the second Southern 

and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ-II), it was found that not 

                                                           
3 UNESCO (2014)  
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only social background was associated with higher achievement when more quality resources were present, 

but also when school sizes were smaller, school days were longer, and repetition is less utilized to remediate 

students. These findings pointing to teacher quality, school size, and class time suggest that when resources 

are used efficiently, stronger learning outcomes are promoted (Lee and Zuze, 2011). 

 

The lack of correlation between resources and learning outcomes at the macro level may be driven by the 

fact that some schools are facing some challenges in the way their resources are translated into learning. 

When analyzing the relationship between learning and school resources for the countries that participated 

in the PASEC 2014 regional assessment, it appears that the school level learning outcomes and resources 

inputted vary greatly (Figure 2). While there seems to be a weak correlation between resources and learning 

outcomes, some schools with approximately the same level of resources achieve different results. Patterns 

emerge from these data, showcasing differences in the ability to transform resources into learning outcomes. 

Certainly, resources are essential to learning. However, expansive resources do not necessarily produce 

improved outcomes when resources are not properly used.  

 

 

 

Figure 2 Relationship between PASEC reading score and pedagogical resource index 
 

 
Source: Authors’ compilations based PASEC 2014 

 

Examining the 10 countries that participated in the 2014 PASEC assessment, the current study aims to 

better understand the relationship between school resources and learning outcomes in francophone Africa. 

It attempts to answer three main questions: (i) what is the level of efficiency in the use of school resources 

to promote learning outcomes? (ii) what are the characteristics of the highest/lowest efficient schools and 

what are the drivers of efficiency at school-level? (iii) what are the implications of school efficiency for 

education policies? The current paper endeavors to re-orient the on-going discussion on the determinants 

of learning outcomes towards the efficient use of resources at the school level. It strives to show that the 

relationship between resources and learning depends on the efficiency with which resources are translated 

into learning at school level. 

 

The Data Envelopment Analysis (DEA) technique is applied to build an empirical frontier based on the 

sample that represents the best performing schools. Relative efficiency is then estimated for the other 

schools based on the distance to this empirical frontier. An econometric regression is later applied using 

Simar and Wilson (2007) double bootstrapping technique to investigate the determinants of efficiency. The 

results of this analysis suggest that the average, efficiency of school is 1.25 (or 80 %), showing that learning 

outcomes could have been 25% higher if all schools were relatively efficient. Although improving 

efficiency is a priority for all schools, it is especially important for schools with relatively low efficiency 
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levels and low achievements in learning outcomes. Increasing the efficiency levels of low performing 

schools that already receive ample funding could result in an increase in students learning outcomes. 

Conversely, this evidence supports the idea that increasing school resources in low performing schools with 

high efficiency levels and low resource allocation could also be an effective way for improved learning 

outcomes. Overall, efficiency is mainly driven by supply side-factors showing that there is room for 

improving efficiency through targeted school-related policies. 

 

The remaining of this paper will first discuss the literature on learning outcomes and the rationale behind 

examining efficiency as one of the main drivers for increased learning outcomes. Secondly, the DEA tool 

as well as the data, will be presented, followed by the findings from the analysis, showcasing the learning 

efficiency of PASEC 2014 countries. Finally, the paper will discuss the best strategies to improve learning 

outcomes when considering efficiency in resource utilization and the availability of resources.  

 

 

2. The learning crisis and the efficiency of education systems 

 
Researchers have long presented evidence strongly suggesting that investments in schooling can lead to 

more sustainable, economic development. From the late 1950s, Schultz explained that economic returns on 

investments in education were just as valuable as non-human capital (Schultz, 1961; Schultz, 1980). In his 

view, this was of particular salience to the developing world as he warned that non-human capital 

investments in the global south would have limited economic returns without the simultaneous investment 

in knowledge and skills. Since then, researchers have cemented these findings, confirming that the 

economic returns to education are substantial and similar in value to the returns on physical capital (Trostel 

et al., 2002; Psacharopoulos and Patrinos, 2004). The economic, social, and private returns to education are 

aligned with positive effects in sectors such as health and labor, showing that higher levels of education are 

associated with increased levels of health, productivity, and the rate of highly-skilled workers that enter and 

innovate labor markets (Cohn and Addison, 1998; OECD, 2018; Bloom et al., 2013).  

 

One of the conditions necessary in enabling education investments to result in long term economic and 

social development is ensuring that years of schooling indeed translate to increased knowledge and 

capacity. In several papers, Hanushek argues that ensuring both basic and advanced skill development of a 

country’s population promotes higher levels of GDP and the sustainability of stronger economies 

(Hanushek et al., 2008; Hanushek and Woessmann, 2008; Hanushek, 2013). Gyimah-Brempong (2012) 

highlights how the economic growth and GDP increases of many African nations are intricately tied to 

increases in the number of highly skilled workers present in the labor market. When evaluating the 

remarkable economic growth and development in the late 1900s of Singapore, Taiwan, and South Korea, 

otherwise known as the ‘Tiger’ economies, researchers emphasize the ability of the Asian Tigers to quickly 

upgrade the skills of their population from vocational to academic as these countries began producing goods 

and services of greater value (McGin et al, 1980; Ashton et al., 1999; Campos and Root, 1996; Ashton et 

al., 2002). Though Kuruvilla et al. (2002) discuss that Singapore’s methods should not be merely 

transplanted to other developing contexts, one key tenant from their process that can be seen as universal 

to development is strengthening the connection between economic and skills or educational development.  

 

As developing countries attempt to apply the strategy of utilizing education investments to promote 

economic progress, the level of human capital development seems largely unmoved. Children across the 

global south are increasingly obtaining access to schooling and primary school enrollment rates are 

currently at an all-time high (over 90% in developing countries alonei). Still, many children fail to achieve 

basic learning outcomes, with student learning metrics (as measured by standardized assessments) 

showcasing stagnant trends below grade-level in academic achievement (UNESCO, 2015; World Bank, 

2017). 250 million primary school children are not meeting minimum proficiency standards, even though 

over 50% of this group has spent four or more years in school (UNESCO 2014; UNESCO, 2015; Birdsall 
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et al., 2016). This phenomenon, better known as the ‘learning crisis’ is described as the emerging case 

wherein children across least developed countries (LDC) are failing to develop basic literacy skills after 

several years of schooling (Gove and Cvelich, 2011; Friedlander et al., 2018). In other words, more kids 

are going to school, but few are actually learning, and most are not learning enough. 

 

If countries in the global south are unable to address the learning crisis, development in these contexts over 

the next few decades will likely not see the positive effects advised by economists. Beatty and Pritchett 

(2012) note that the average developing nation tends to score considerably below the average OECD norm 

and are at least several decades away from reaching OECD standards at the present rate of achievement. 

Such low levels of educational achievement can undermine economic growth, locking countries into cycles 

of slow economic progress, low employment rates, and increasingly fragile societies (Heyneman, 2003; 

UNESCO, 2013). 

 

Many researchers have highlighted solutions for the learning crisis, though an underlying trend emerges 

pointing to the aspect of efficiency in education. The UNESCO Education for All (EFA) report (2014) 

emphasizes teacher quality as the key to addressing the learning crisis, calling on policy makers to support 

high quality instruction to improve the future learning prospects of students by recruiting better trained 

teachers, improving teacher training, allocating teachers effectively, and providing professional incentives 

tied to student performance. Other scholars discuss the importance of learning assessments to closely 

monitor student performance and provide important data useful in scaffolding learning throughout a 

student’s schooling matriculation (Stiggins, 2002; William, 2011; Birdsall et al., 2016). Abagi and Odipo 

(1997) focus on the need to promote more “holistic school operation” to allocate funding toward teaching 

materials that enhance student learning. One could easily note that improvements in all of these areas of 

learning are necessary in facing the learning crisis (Michaelowa, 2001; Joel 1999). However, the strategy 

used to allocate education funding to the appropriate number and scale of inputs is key in ensuring that 

students have the necessary conditions available to promote achievement and skill development 

(Michaelowa, 2001). 

 

Efficiency in education can be defined as the minimum cost balance between educational inputs and desired 

outputs (Hanushek, 1986). It is the relationship wherein resources are strategically inputted to enable more 

of the desired educational outcomes (Lockheed and Hanushek, 1988; Hanushek and Benson, 1994). Such 

resources can range across a wide variety of support including teacher quality and presence, school 

infrastructure and environment, curriculum development, or classroom materials (Witte and Lopez-Torres, 

2017). Student outcomes can include outputs such as student achievement and test scores, enrollment, 

dropout, and graduation rates, or starting salary after school completion (Witte and Lopez-Torres, 2017).  

 

Studies examining school efficiency present conflicting results, with some papers suggesting that resources 

may not result in any difference in student performance while others find that certain resources can have a 

considerable impact on student outcomes (Vegas and Coffin, 2017). Hanushek (1986) found that there was 

no significant relationship between school resources and student outcomes. He later reaffirmed his doubts 

by explaining the unlikeliness of even efficient use of increased inputs resulting in improved outputs 

(Hanushek, 1994). In a review of efficiency in education spending of 20 European countries, Agasisti 

(2014) found that underwhelming student achievement results in many wealthy countries are often 

disproportionate to the significant educational investments made per student. Conversely, key inputs such 

as learning materials, teacher quality, and instructional time have been found to have positive effects on 

student outcomes in low-income countries (Fuller and Clarke, 1994; Glewwe et al., 2011). Michaelowa 

(2001) expands upon the importance of textbooks and teacher quality in her study, stating that all education 

systems should make it a priority to allocate funding to these inputs to promote efficiency.  

 

Despite the inconclusive literature on the impact of school resources on student outcomes, an underlying 

consensus emerges that suggests school inefficiencies could be linked to poor learning. Vegas and Coffin 
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(2017) find positive effects on mean student learning outcomes (as measured by the PISA Mathematics 

test) below a spending threshold of $8000 per student and diminishing effects above the threshold. Pritchett 

and Filmer (1999) support these findings, outlining that a school with high efficiency and high resources 

will out-perform (with diminishing effects) a school with the same level of efficiency and lower resources.  

This would intuitively suggest the inverse-- schools with the same resources and varying levels of efficiency 

would have varying levels of performance. Likewise, schools that operate below the frontier of efficiency 

experience inefficiencies that could be negatively affecting student outcomes.   

 

Many researchers have investigated the effects of inefficiencies on learning using the DEA method. For 

example, Perleman and Santin (2011) employed a DEA approach to evaluate Spanish PISA results for 

education efficiency and found a considerable amount of variance in student performance could be 

explained by school and student inefficiencies. Essid et al., (2013) utilized the DEA method to evaluate the 

scale efficiency of Tunisian high schools and found that small school size was associated with more 

inefficiencies and poorer learning outcomes compared to larger school sizes. This paper will add to the 

existing literature through applying the DEA method to evaluate the efficiency of schools in the use of their 

resources to deliver learning, in 10 francophone Africa countries. 

 

 

3. Measuring school efficiency: A frontier approach 

 

As already mentioned, the purpose of this study is to understand how efficient the utilization of school 

resources is, to deliver quality education. It also aims to understand the relationship between school 

resources and learning outcomes when schools are efficient and inefficient. To achieve this goal, efficiency 

is first measured using DEA. An econometric technique is later applied to investigate the relationship 

between school inputs and learning outcomes in two categories of schools: the group of ‘highest 

inefficiency’ schools and the group of ‘lowest inefficiency’ schools. 

 

The Data Envelopment Analysis methodology 

 

The current paper suggests investigating the technical efficiency of schools in francophone Africa.4 

Technical efficiency can be defined as the best observed practice in the reference set or comparison group 

(Farrell, 1957; Charnes et al. 1985, 1986). In the context of quality education service delivery, a technically 

efficient school can be defined as the one that achieves the highest learning outcomes for their students with 

the least possible amount of resources. The most efficient schools have good practices that allow them to 

make proper use of school inputs to produce the maximum possible outputs.  

 

There exists a variety of efficiency measurement tools of which frontier approaches are the most commonly 

used in the literature. They are based on the construction of a production or a cost frontier and a comparison 

of each unit’s inputs or outputs with their optimal values given by the frontier. Depending on the distance 

between the inputs/outputs and their optimal values, an efficiency score is given to each production unit. In 

the case of the current study, a production frontier must be built based on the sample. There are two main 

approaches for building this production frontier: parametric and non-parametric frontier approaches. While 

parametric approaches require assumptions regarding the production function, non-parametric methods use 

weaker assumptions.  

                                                           
4 The literature refers to different types of efficiency of which, the most common are technical, allocative, and scale 

efficiencies. The allocative efficiency measures a production unit’s success in choosing an optimal set of inputs with 

a given set of input prices while technical efficiency concept is associated with the production frontier, which 

measures the unit’s success in producing maximum output from a given set of inputs. Scale efficiency is associated 

with the right production size. 
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DEA is an example of non-parametric efficiency measurement tool that offers several advantages. In 

addition to not requiring any assumption regarding the relationship between the inputs and the outputs, it is 

well designed to accommodate multiple input and output technologies. In contrast to most commonly used 

parametric techniques such as the Stochastic Frontier Approach, DEA offers the possibility to consider 

multiple outputs without requiring any assumptions on the relationship between these outputs. The DEA 

method is based on two relatively weak assumption: convexity and free disposability.5  

 

In this study, DEA is applied to assess the efficiency with which school resources are utilized to deliver 

learning outcomes. Figure 3 illustrates the efficiency analysis using the DEA method. Let’s assume that 

schools use one input X (school resources) to produce a single output Y (learning outcome). The frontier 

represents the maximum amount of output that can be produced given different levels of the input X. 

Schools on the frontier are considered relatively efficient while those below the frontier are considered 

relatively inefficient. For instance, a given school uses x0  to produce y0 and is at point A in the figure. Since 

point A is below the frontier, this school is considered inefficient. If this school was efficient, it could have 

achieved a higher level of output ( y0  with 1 ≤ < +∞) with the same amount of resources (x0 ). This 

corresponds to point B on the frontier. This means that  y0 -y0 is the additional quantity of output that could 

be produced in the absence of inefficiencies. The distance to the frontier, captured by  , is a measure of 

inefficiency and reflects the ability of each school to translate their input into output.  

 

Figure 3 Illustration of efficiency measurement with DEA 

 

 

 
 

 

 

 

 

Among the existing DEA models, the most commonly used ones are the CCR (Charnes et al., 1978) and 

the BCC (Banker et al., 1984) models. The BCC model assumes variable returns to scale, while the CCR 

                                                           
5 Although the DEA method has several benefits, it also suffers from certain drawbacks. For example, the 

assumption that the production set is convex has been criticized and some approaches have been suggested to relax 

the convexity assumption (Boussemart et al., 2009; Briec and Peypoch, 2010 or Leleu et al., 2012). However, 

relaxing the convexity assumption comes with some complexities that would not necessarily add some value to this 

paper. In fact, convexity assumes that a convex combination of the inputs would still be able to produce a similar 

convex combination of the outputs.  In the context of efficiency analysis in education, the convexity assumption 

seems to not be too strong, especially when applied to assess technical efficiency. 
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model is associated with a constant returns to scale assumption. Resource allocation across schools in 

francophone Africa is done without any consideration of returns to scale. In most countries, school 

resources are officially allocated depending on needs. For these reasons, the CCR model seems to better 

approximate the process of resource allocation and education service delivery in francophone Africa.   

 

Figure 3 shows that for a relatively inefficient school, there are two avenues in reaching the frontier: input-

oriented technology (in this case input needs to decrease, outputs remaining constant) and output-oriented 

technology (output needs to increase, inputs remaining constant). In the education system, there are multiple 

non-discretionary inputs. For instance, while it could appear relatively easy to decrease the number of 

textbooks, inputs such as infrastructure could not be influenced in the short term. In addition, given the lack 

of resources, it may not be convenient to suggest a decrease of inputs for improved efficiency. Therefore, 

an output-oriented efficiency model is applied in this study.  

 

DEA being a deterministic method, all deviations from the frontier (including measurement errors) are 

attributable to inefficiency. This may represent an important drawback especially when applied to learning 

assessment data, which usually, may be subject to some measurement errors. To address this issue, the 

bootstrapping DEA method introduced by Simar and Wilson (2000) is applied. 

 

Some environmental factors can play a role in school efficiency. To investigate the role of these variables 

on the efficiency, a second stage regression is performed. As described by Simar and Wilson (2007), the 

DEA data generating process being unknown, the most common regression techniques may not be 

appropriate. The Simar and Wilson (2007) double-bootstrapping technique is then applied to investigate 

the effects of school environmental factors on school efficiency. 

 

This paper also aims to investigate the relationship between school resources and students’ learning 

outcomes taking into consideration school efficiency. Given the hierarchical structure of the data, students 

being enrolled in schools and schools belonging to different countries, a multi-level econometric regression 

is applied.6 Two levels are considered: countries and schools. Using the efficiency results from the DEA 

model, schools are grouped by decile depending on their efficiency levels. To determine the influence of 

efficiency in the relationship between students’ scores and school resources, two models are compared. In 

a ‘base model’, schools are used as a level variable along with the countries. In a second model, the school 

variable is replaced by efficiency deciles. The variations in the results of these two models reflect the 

contribution of efficiency to the relationship between student’s learning outcomes and school resources. 

The model using the efficiency as a level variable is later estimated separately for two groups of schools: 

the ‘highest inefficiency schools’ (inefficiency in the highest tercile) and the ‘lowest inefficiency schools’ 

(inefficiency in the lowest tercile). 

 

4.Data 
 

Input and output variables for the DEA model 

 

To investigate the efficiency in the delivery of quality education in francophone Africa, PASEC 

(Programme d’Analyse des Systèmes de la CONFEMEN) 2014 learning assessment data are used. Since 

1991, PASEC has conducted more than 35 learning assessments in francophone developing countries. In 

2012, PASEC put in place a plan to collect comparable learning assessments in francophone Africa. In 

2014, 10 West and Central African countries participated in this PASEC assessment, yielding a cross-

country comparable learning assessment database.7 The PASEC 2014 dataset is comprehensive and 

includes some data collected from students, teachers and school directors. 

                                                           
6 See Greene (2017) for details about multi-level models 
7See PASEC website:  http://www.pasec.confemen.org/ 

http://www.pasec.confemen.org/
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The selection of input and output variables in the current study is based on the literature but constrained by 

the availability of data. Based on the education production function literature (Hanushek,1986 and 2008), 

it can be assumed that schools use three key resources to deliver education: (i) teachers, (ii) learning 

materials and (iii) infrastructure. A total of 6 input variables are selected as proxies for teachers (teachers’ 

salary level, education level)8, textbooks (proportion of students with reading and mathematics textbooks), 

infrastructure (PASEC infrastructure quality index) and pedagogical resources (PASEC pedagogical 

resource index). The PASEC reading and mathematics average score by school is included as two output 

variables. Table 1 provides descriptive statistics of the data used. 

 

 

Table 1: Descriptive Statistics: Efficiency analysis 

 

  N Mean Std. Dev. Min Max 

Inputs 

Teachers           

Teacher's level of education 1,807 5.72 1.73 1.00 13.00 

Teachers salary level 1,807 5.79 1.69 1.00 11.00 

Infrastructure           

PASEC infrastructure quality index 1,807 49.44 5.91 23.13 80.42 

Learning materials           

Proportion of students with reading textbooks 1,807 0.81 0.16 0.05 1.00 

Proportion of students with mathematics textbooks 1,807 0.74 0.19 0.04 1.00 

PASEC pedagogical resources index 1,807 50.10 5.63 19.62 79.23 

Outputs 

Average reading score 1,807 497 45 325 689 

Average mathematics score 1,807 497 47 324 666 

 

Environmental variables  
School type (Private) 1531 0.20 0.40 0.00 1.00 

Area (Urban) 1531 0.33 0.47 0.00 1.00 

Quality of teaching environment (index) 1531 49.81 10.19 13.98 108.79 

Local infrastructure index 1531 48.55 9.81 34.73 66.56 

Class size (students/number of effective seat) 1531 2.15 2.47 0.00 28.00 

Teachers' gender (Male) 1531 0.78 0.41 0.00 1.00 

Community engagement index 1531 49.72 9.77 8.46 81.34 

Share of girls 1531 0.47 0.09 0.00 0.79 

Instruction time 1531 30 8 0 75 

Community engagement index 1531 49.72 9.77 8.46 81.34 

 

With schools being the unit of observation (or the decision-making units, DMUs), each school is compared 

to other schools within the same country. This comparison is used to build the frontier of best practices or 

frontier of efficiency. As already described, schools on the frontier are the most efficient in translating their 

resources into learning outcomes. Schools below the frontier are considered relatively inefficient. Based on 

                                                           
8 The number of teachers may have been a relevant input indicator but almost all classrooms involved in the 

assessment have 1 teacher. So, the number of teachers has been excluded from the set of input variables. 
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the distance to this frontier, a relative inefficiency score is computed. The inefficiency score varies between 

1 and +∞ (1 for those on the frontier and higher than 1 for the others).9 The lower the inefficiency score, 

the more efficient is the school when compared with the other schools in the same country. It is assumed 

that the most important inputs for learning outcomes are taken into consideration. Changes in the variables 

or in the sample of schools may lead to different results.  

 

Data for the multi-level regression 

 

To investigate the relationship between school resources and students’ learning outcomes and the influence 

of inefficiency in this relationship, a multi-level regression will be estimated using a set of regressors. These 

regressors broadly capture teachers’ characteristics, the availability of learning materials, infrastructure, as 

well as control variables for students’ gender and socio-economic background. Table 2 presents the 

descriptive statistics of the data used for the multi-level regressions. 

 

Table 2 Descriptive Statistics: multilevel regression 
 

      

Variable Obs Mean Std. Dev. Min Max 

Reading Score 28,569 494.98 96.60 79.73 858.72 

Mathmatics Score 28,569 497.24 99.47 90.90 912.21 

School type (public) 28,569 0.82 0.39 0.00 1.00 

Area (urban) 28,569 0.33 0.47 0.00 1.00 

Teachers      

Teacher: formal education level 28,569 5.68 2.85 1.00 13.00 

Teacher: additional training 28,569 0.81 0.39 0.00 1.00 

Teacher: female 28,569 0.23 0.42 0.00 1.00 

Teacher: teaching experience 28,569 11.83 7.96 0.00 47.00 

Teacher: salary level 28,569 3.13 0.66 1.00 4.00 

Teacher: regular salary 28,569 0.94 0.23 0.00 1.00 

School facilities & infrastructures   

Library 28,569 0.06 0.24 0.00 1.00 

Clinic 28,569 0.02 0.14 0.00 1.00 

Pharmacy 28,569 0.25 0.44 0.00 1.00 

Water 28,569 0.35 0.48 0.00 1.00 

Electricity 28,569 0.26 0.44 0.00 1.00 

Toilet 28,569 0.76 0.42 0.00 1.00 

Free learning materials                               28,569            0.44 0.50 0.00 1.00 

Walls 28,569 0.27 0.45 0.00 1.00 

Students      

Sex (Male) 28,569 0.53 0.50 0.00 1.00 

Socio-economic status index 28,569 49.03 9.82 17.54 88.34 

 

 

                                                           
9 The score ( ) in the DEA output-oriented model is higher than 1 and captures inefficiency.  An equivalent 

efficiency score (0<1/ <1) can be calculated and interpreted as efficiency in percentage terms.  
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4. Results 

 

Efficient utilization of school resources for learning 

 

Efficiency is measured using the input and output variables described above. To allow each school to be 

compared with the appropriate benchmarks within the same countries, a different DEA model is estimated 

for each country. The DEA results show that the average inefficiency score in the 10 PASEC countries is 

1.25 (Table 3). Alternatively, the efficiency level is 80 %.10 There is a problem in the efficient use of school 

resources in PASEC schools. Comparing all schools with the most efficient schools in each country shows 

that resources used to improve learning outcomes are relatively wasted. In the 10 PASEC countries, the 

reading and mathematics learning scores may have been about 25 % higher if all schools were as efficient 

as the most efficient schools in each of the PASEC countries.  

 

Table 3 Descriptive statistics of the efficiency scores11 

 

Variable Obs Mean Std. Dev. Min Max 

Efficiency 1,807 1.25 0.16 1.01 2.11 

 

 

PASEC countries have different abilities to translate their resources into learning outcomes (Figure 4). 

Inefficiency varies among schools within the same country and on average across countries. On average, 

Togo, Cameroon and Chad seem to have the highest school inefficiency on average, while Benin, Niger 

and Burkina Faso have the lowest school inefficiency. In addition to being one of the countries with the 

highest inefficiency level on average, Cameroon is also one of the countries with the highest inequality 

among schools in terms of inefficiency. Overall, within each country, the least inefficient schools tend to 

register higher average achievements in mathematics and reading. This suggests that inefficiency in 

resource utilization could be one of the reasons for poor learning outcomes. 

 

Figure 4 Average school inefficiency score by country 

 

 

                                                           
10 As mentioned above the inefficiency score in the output oriented is given by    with 1 < < +∞. 1/𝛿  is an 

equivalent way to present the results in percentage terms.  
11 Descriptive statistics of the inefficiency scores by country are presented in Table 7 
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Reducing inefficiency is particularly important for reaching the SDG 4.1.1 target on the proportion of 

primary school completers meeting minimum proficiency levels in reading and mathematics. If all schools 

in the PASEC countries were efficient (or as efficient as the most efficient schools), and if the increase in 

the average learning score at school level was equivalently reflected in the learning scores at the student 

level, 75.7 % and 76.4 % of primary education completers would have achieved the minimum proficiency 

levels in reading and mathematics respectively. This represents a substantial improvement when compared 

with the actual 39.2 % and 40.2 % of students achieving a minimum proficiency level in reading and in 

mathematics respectively.  Although lacking resources could generally result in lower student performance, 

inefficiency in the use of the existing resources could be another important reason for poor learning 

outcomes in some francophone African countries.  

 

Figure 5 Improvement in the proportion of students achieving minimum proficiency level in reading and 

mathematics 

 
 

 

 

Sensitivity analysis and efficiency drivers 

 

Measuring inefficiency by comparing schools within the same countries may have contributed to 

underestimating the inefficiency level previously calculated. To provide a sensitivity analysis, the 

inefficiency scores are re-calculated, comparing schools across countries. In addition to allowing each 

school to be compared with other schools across countries, the Simar and Wilson (2007) double-

bootstrapping technique is applied to allow inefficiency drivers to be investigated and to be taken into 

consideration in the efficiency measurement (Table 4). Overall, being a private school and being located in 

an urban area negatively contributes to inefficiency. Inefficiency is mainly driven by teachers and students’ 
absenteeism, shorter teaching time, and limited quality of the teaching environment as reported by 

teachers.12 After controlling for the environmental variables and allowing schools to be compared across 

countries, the average inefficiency score significantly increases.13 This suggests that learning outcomes 

                                                           
12 A correlation test shows a negative correlation between inefficiency and other variables such as the quality of the 

infrastructure in the areas of the schools. Schools with a functioning management committee, a free canteen, as well 

as schools where the community is involved in school management through parent’s association register a lower 

inefficiency level. 
13 Descriptive statistics of the inefficiency scores when environmental variables are controlled for are presented in 

Table 8. 
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should substantially increase for all schools to be as efficient as the most efficient schools across all the 10 

PASEC countries. 

 

Table 4: Second Stage DEA regression 

 

 Dependent variable: inefficiency scores 

Marginal 

Effects 

Lower 

Confidence 

Intervall (5%) 

Upper 

Confidence 

Intervall (95 %) 

Intercept 1.6786 1.5198 1.8331 

School type (Private) -0.1712 -0.2268 -0.1131 

Area (Urban) -0.1401 -0.1956 -0.0851 

Quality of teaching environment -0.0022 -0.0040 -0.0004 

Instruction time -0.0070 -0.0096 -0.0044 

Students' absenteeism 0.2799 0.1725 0.3807 

Teachers' absenteeism 0.0191 0.0115 0.0262 

 

Observations 1531   
 

The dependent variable is the inefficiency score ( ). A negative marginal effect shows a negative effect on inefficiency (or a positive effect on 

the efficiency) while a positive marginal effect illustrates a positive effect on inefficiency (or a negative effect on the efficiency). Only variables 

that are significant at a 10 % level are presented in this table. The full list of environmental variables included in the second stage DEA regression 
is presented in Table 1. 

 

 

 

School resources for improved learning outcomes at student’s level: does inefficiency matter? 

 

A series of multi-level regressions is performed to investigate the role of inefficiency in the relationship 

between school resources and learning outcomes at the level of the students. Model 1 and 3 in Table 5 are 

the ‘base model’ in which school dummies are used as the level variables. These models include random 

intercepts for each school to control for school effects on students learning outcomes. In models 2 and 4 

(‘inefficiency model’) deciles of the school inefficiency scores are used as the level variables. This means 

that these models include controls for school inefficiency. Overall, the effects of teacher training, teacher 

experience and salary level on learning outcomes are higher when inefficiency is taken into consideration. 

In addition, AIC and BIC statistics show that the econometric model becomes more accurate when 

controlling for inefficiency.14 This suggests that efficiency could play an important role in strengthening 

the relationship between learning outcomes on the one hand and teachers and some elements of school 

facilities on the other hand.  

 

 

 

 

 

 

 

 

 

 

 

                                                           
14 The Power of the Chi-2 test is higher when inefficiency deciles are used as a level variable rather, than school 

dummies. 
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Table 5: Econometric results: controlling for inefficiency 

 
 (Model 1) (Model 2) (Model 3) (Model 4) 

Dependent variable: PASEC scores Reading; 

Base-model 

Reading; 

Inefficiency-model 

Maths; Base-model Maths; 

Inefficiency-model 

     

School type (public) -36.42*** -32.36*** -32.68*** -29.28*** 
 (3.806) (1.504) (3.904) (1.524) 

Area (urban) 34.72*** 30.07*** 22.95*** 17.89*** 

 (3.307) (1.283) (3.394) (1.300) 
Teachers 

 

    

Teacher: formal education 1.731*** 1.923*** 1.311*** 1.430*** 
 (0.448) (0.175) (0.460) (0.177) 

Teacher: additional training 3.532 5.211*** 5.858* 8.222*** 

 (3.284) (1.246) (3.370) (1.263) 
Teacher: female 18.84*** 15.57*** 17.41*** 14.07*** 

 (3.697) (1.392) (3.799) (1.411) 

Teacher: teaching experience 0.200 0.163*** 0.112 0.112* 
 (0.163) (0.0617) (0.167) (0.0625) 

Teacher: salary level 0.928 0.772 0.485 0.366 

 (1.953) (0.748) (2.004) (0.758) 
Teacher: regular salary 25.15*** 25.88*** 29.92*** 29.32*** 

 (5.197) (2.057) (5.330) (2.084) 
School facilities 

 

    

Library 19.94*** 18.18*** 18.61*** 16.45*** 
 (5.300) (1.987) (5.438) (2.013) 

Pharmacy 10.76*** 11.56*** 14.01*** 14.43*** 

 (3.386) (1.304) (3.476) (1.321) 
Wall 15.01*** 15.93*** 12.43*** 13.52*** 

 (3.620) (1.370) (3.716) (1.388) 

Water 10.76*** 9.939*** 7.942** 7.509*** 
 (3.159) (1.189) (3.242) (1.205) 

Electricity 20.82*** 18.48*** 21.39*** 19.19*** 

 (3.695) (1.383) (3.792) (1.401) 
Toilets 9.589*** 7.947*** 11.57*** 9.970*** 

 (3.189) (1.250) (3.272) (1.266) 

Free learning material 10.06*** 9.063*** 12.39*** 11.29*** 
 (3.724) (1.434) (3.833) (1.454) 

Students 

 

    

Sex (Male) 2.484*** 0.111 6.490*** 4.676*** 

 (0.770) (0.905) (0.772) (0.917) 

Socio-economic status index 0.627*** 1.166*** 0.114* 0.609*** 
 (0.0600) (0.0591) (0.0602) (0.0599) 

     

Observations 28,712 

Wald 

chi2(17)     =    

1379.20 
Prob > chi2       

=     0.0000 

AIC: 
322745.7   

BIC: 

322919.2 

28,712 

Wald chi2(17)     =   

8559.64 

Prob > chi2 =     
0.0000 

AIC: 330395.4     

BIC: 330569.0 

28,712 

Wald chi2(17)     =  

864.55 

Prob > chi2  =     
0.0000 

AIC: 322914.2   

BIC: 323087.7 

28,712 

Wald chi2(17)     =    

5322.20 

Prob > chi2       =     
0.0000 

AIC: 331157.6   

BIC: 331331.2 

 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Another way to capture the influence of school inefficiency in the relationship between school resources 

and learning outcomes, is to estimate the same econometric model (inefficiency model in table 5) separately 

for the group of lowest inefficient schools (lowest inefficiency tercile) and that of the highest inefficient 

schools (highest inefficiency tercile). Results show that the influence of teachers’ education and training, 

school facilities such as the presence of library, quality of infrastructures, toilets, electricity and clean water 
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are strongly associated with learning outcomes in the group of lowest inefficient schools (Table 6). In the 

group of highest inefficient schools, teacher training is not associated with better learning outcomes. 

Teachers being associated with one of the highest school cost categories, higher spending on teachers may 

not drive better education outcomes in high inefficient schools. In other terms, teacher policies need to be 

tailored for the school specific context and may take into consideration, the efficiency in the use of the 

existing resources including teachers. However, allocating more experienced teachers to the highest 

inefficient schools seem to be associated with better learning outcomes. This may suggest that one way to 

mitigate the risk of inefficient use of resources is to deploy more experienced teachers to the most inefficient 

schools. PASEC data show that teachers in rural areas have on average, lower years of experience in 

teaching compared to teachers in urban areas. The most inefficient schools being mostly located in rural 

areas, this finding implies some changes in teacher deployment policies.  

 

 

Table 6: Econometric results: comparing the effect of school resources on learning outcomes in the group 

of highest inefficient schools VS lowest inefficient schools  

 
  (Model 1) (Model 2) (Model 3) (Model 4) 

Dependent variable: 

PASEC scores 

Reading: highest 

inefficiency 
group 

Reading: lowest 

inefficient group 

Maths: highest 

inefficiency 
group 

Maths : lowest 

inefficiency 
group 

School type (public) -33.19*** -32.22*** -31.34*** -25.64*** 
 (2.520) (2.759) (2.624) (2.730) 

Area (urban) 36.85*** 30.44*** 24.38*** 17.17*** 
 (2.270) (2.191) (2.363) (2.170) 

Teachers     

Teacher: formal 

education  
1.130*** 1.383*** 0.574* 1.246*** 

 (0.303) (0.291) (0.316) (0.288) 
Teacher: additional 

training 
-2.321 14.55*** 1.233 21.62*** 

 (2.232) (2.190) (2.324) (2.169) 

Teacher: female 15.31*** 9.206*** 15.69*** 6.411*** 
 (2.626) (2.275) (2.734) (2.255) 

Teacher: teaching 

experience 
0.444*** -0.340*** 0.379*** -0.361*** 

 (0.114) (0.102) (0.118) (0.101) 

Teacher: salary level 1.200 0.637 0.620 -0.128 
 (1.311) (1.362) (1.365) (1.349) 

Teacher: regular salary 25.58*** 43.25*** 33.77*** 43.98*** 
 (3.249) (4.341) (3.382) (4.299) 

School facilities     

Library 18.60*** 29.73*** 20.07*** 22.60*** 
 (3.137) (3.680) (3.266) (3.643) 

pharmacy 21.16*** 5.277** 22.33*** 5.917*** 
 (2.500) (2.066) (2.603) (2.045) 

Wall 10.98*** 21.51*** 8.188*** 19.87*** 
 (2.429) (2.349) (2.528) (2.326) 

Water 2.279 18.55*** -0.356 17.73*** 
 (2.126) (1.974) (2.213) (1.954) 

Electricity 14.53*** 20.72*** 21.31*** 18.49*** 
 (2.464) (2.322) (2.565) (2.299) 

Toilets 10.63*** 10.65*** 18.82*** 9.933*** 
 (2.049) (2.258) (2.133) (2.237) 

Free learning material -2.911 13.91*** -0.268 14.55*** 
 (2.621) (2.653) (2.730) (2.634) 

Students     

Sex (Male) 0.573 -1.776 7.479*** -0.378 
 (1.576) (1.559) (1.641) (1.543) 

Socio-economic status 

index 
1.245*** 1.088*** 0.720*** 0.447*** 

 (0.104) (0.0981) (0.108) (0.0971) 

Observations 9,265  9,761 9,265 9,761 
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Wald chi2(17)     
=    3083.41                   

Prob > chi2       =     

0.0000 
 AIC: 106449.2   

BIC: 106599 

Wald chi2(17)     =    
3396.35 

Prob > chi2       =     

0.0000 
  AIC: 112481.1     

BIC: 112632 

Wald chi2(17)     
=    2293.04 

Prob > chi2       =     

0.0000 
AIC: 107199.5   

BIC: 107349.3 

Wald chi2(17)     
=    2050.70 

Prob > chi2       =     

0.0000 
AIC: 112298.2   

BIC: 112449.1 
 

 

 

 

 

 

5.Conclusion and discussion 

 

The lack of resources is often highlighted as one of the most important causes of poor learning outcomes. 

However, this may not be the case for all schools. More resources may not lead to improvement in learning 

outcomes in the presence of inefficiencies. The purpose of this study is to assess the efficiency with which 

school resources are translated into learning outcomes in the 10 PASEC countries. The average inefficiency 

score is 1.25, suggesting that school resources may be wasted because of some inefficiencies in the 

education system. Alternatively, the learning scores could potentially improve by 25 % if all schools 

become relatively efficient. This may offer significant implications for the proportion of students achieving 

minimum proficiency levels. If all schools were as efficient as the most efficient schools in each country, 

the proportion of primary completers achieving minimum proficiency levels in reading and mathematics 

might have improved by approximately 36 percentage points. Public schools located in rural areas are more 

likely to be inefficient. However, teachers’ and students’ attendance, teaching time and the quality of the 

learning environment are associated with lower inefficiency.  

 

Better teacher policy may play a key role in improving the efficiency in resource utilization and learning. 

Results from this paper show that investing in teachers (training or increased teacher remuneration) in the 

most inefficient schools may not contribute to learning outcomes. Increased spending on teachers would 

not drive better learning outcomes if resources available at school level are not efficiency utilized. 

Efficiency drivers at the school level must be identified and further investments in inefficient schools would 

need to address efficiency issues. Less experienced teachers are often deployed in rural areas where 

inefficiencies are higher. However, allocating more experienced teachers to the most inefficient schools 

appears to be positively correlated with learning outcomes. This finding may imply some changes in teacher 

deployment policies.  

 

Improving learning requires tailored policies taking into consideration inefficiency in the use of resources 

at school level. Overall, results show that since resources are relatively poorly utilized in the least efficient 

schools, increasing resources without any improvement in the efficiency level may not be an effective way 

to promote learning outcomes. Particularly, there are some schools in the category of low efficient schools 

with an average performance below the minimum proficiency level.15 Prioritizing improvement in the 

efficiency in the lowest efficient schools would be a key strategy to promote learning outcomes. Some of 

the schools have low performance in learning but are using their resources efficiently to reach the observed 

learning outcomes. Increasing school resources in low performing schools with the highest efficiency levels 

could be another effective way for improved learning outcomes.16 Overall, improving learning outcomes 

requires targeted policies that will ensure that the right resource is allocated to the right school and resources 

are efficiently used to promote learning outcomes.  

  

                                                           
15 See Figure 6 in the Annex section 
16 Returns to scale are overall increasing in this category of schools 
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Annexes 

 
 

Table 7 Inefficiency score comparing schools within each country 
 

PAYS Number of schools Mean Min Max 

Benin 165 
1.08 1.36 1.01 

Burkina Faso 182 
1.20 1.78 1.03 

Burundi 180 
1.26 1.59 1.07 

Cameroun 266 
1.39 2.11 1.09 

Congo 163 
1.22 1.76 1.05 

Cote d’Ivoire 169 
1.23 1.60 1.05 

Niger 176 
1.16 1.43 1.02 

Senegal 160 
1.24 1.67 1.07 

Chad 157 
1.27 1.93 1.09 

Togo 189 
1.46 1.76 1.09 

Overall 1,807 
1.25 2.11 1.01 

 
 

Table 8 Inefficiency score when controlling for environmental variables and allowing cross-country 

comparison 

 

  Number of schools Mean  Min Max 

Benin 145 1.93 1.60 2.11 

Burkina Faso 171 1.89 1.53 2.16 

Burundi 172 1.84 1.57 2.04 

Cameroun 173 1.87 1.51 2.10 

Congo 122 1.85 1.55 2.18 

Cote d’Ivoire 165 1.95 1.62 2.23 

Niger 153 1.91 1.59 2.13 

Senegal 130 1.94 1.67 2.16 

Chad 119 1.86 1.53 2.19 

Togo 181 1.85 1.53 2.07 

Overall 1531 1.89 1.51 2.23 
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Figure 6 Efficiency level and average reading score 
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