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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 8427

This paper is a product of the Education Global Practice. It is part of a larger effort by the World Bank to provide open 
access to its research and make a contribution to development policy discussions around the world. Policy Research 
Working Papers are also posted on the Web at http://www.worldbank.org/research. The authors may be contacted at tvu@
worldbank.org. and kadmacdonald@gmail.com.  

Early grade literacy skills are crucial for children’s future 
education and ultimately their contribution to human 
capital formation and economic development. A signif-
icant challenge in development is identifying low-cost 
interventions to improve early literacy skills in contexts 
characterized by varying teacher ability and severe budget 
constraints. This paper evaluates the impact of Papua 
New Guinea’s randomized Reading Booster Programme, 
which was conducted in Madang and Western Highlands 
Province in 2013 and 2014, respectively. The program 

provided teachers with training on a highly structured 
teaching method that they could apply one hour per day 
within the teaching time allocated to reading. Using the 
randomized assignment of schools into the program, the 
paper shows that it had a substantial impact on the read-
ing skills targeted by the program for third grade students, 
ranging from 0.6 to 0.7 standard deviation. Large effects 
on other reading skills were found for girls but not boys. 
The program’s cost per student was approximately US$60.
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1. Introduction 

 

The relationship between young children’s literacy skills, future human capital formation, and 

subsequent economic development is an increasingly researched theme in economic development.  

The importance of literacy to individual productivity including the diffusion of technology is well 

established in developing countries (Basu and Foster 1998; Rosenzweig 1995), and literacy has 

been described as a threshold for economic development (Azariadis and Drazen 1990).  Gaps in 

reading skills persist as children age (Butler et al. 1985); as a result, early literacy skills are an 

important determinant of a child’s future education outcomes including future literacy skills 

(Marteleto et al. 2008; Entwisle et al. 2005; Jimerson et al. 2000; Alexander et al. 1997). 

 

Despite their importance for development, developing countries struggle to provide children with 

basic literacy skills, even after substantial progress towards the 1990 Education for All goals. For 

example, in a recent regional assessment of 10 countries in Francopone Africa, the Programme 

d’analyse des systèmes éducatifs de la confemen (PASEC), 71.4 percent of 2nd grade students and 

57.3 percent of 5th grade students on average do not achieve minimum proficiency in literacy 

(PASEC 2015:36,50).  In the Pacific, assessments of early age literacy in Tonga in 2009 and in 

Vanuatu in 2011 found that after three years of schooling, only 30 percent of students in Tonga 

and 25 percent of students in Vanuatu were able to read fluently for comprehension (World Bank 

2012a, 2012b, 2012c).  In Kiribati and Tuvalu, 20 percent of 3rd grade children achieved minimum 

reading comprehension proficiency (World Bank 2017a, b).  In Papua New Guinea, early grade 

reading assessments conducted in four provinces between 2011 and 2013 found that students 

lagged two years behind curriculum targets for fundamental pre-reading skills (World Bank 2014a, 

2014b, 2014c, 2014d). 

 

International research has identified basic skills that young children need in order to read 

alphabetic languages (Linan-Thompson and Vaughn 2007; Wolf 2007; Sprenger and Charolles 

2004; Chiappe et al. 2002; see also: Gove and Cvelich 2011 and National Reading Panel 2000).  

Among these are an understanding of the relationship between printed letters and sounds 

(Scarborough 2002), the speed at which a child can read (Abadzi 2006), and oral reading fluency 

(Fuchs et al., 2001). 
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An important challenge is how to ensure children in the early grades of school acquire these skills 

in a context where teachers have varying and often few formal qualifications, implementation 

capacity is weak, and budgets allow for no or limited expenditure beyond teachers’ salaries.  In 

this context, several randomized controlled trials of interventions involving heavily scripted and 

systematic instructional approaches have been shown to be successful at improving early grade 

reading outcomes.  The South Africa Integrated Education Programme implemented the 

Systematic Method for Reading Success improving early grade reading skills by approximately 

0.8 standard deviations (Piper 2008).  The EGRA plus program in Liberia demonstrated impacts 

of 0.52 to 1.23 standard deviations (Piper and Korda 2010), and the Mali Read Learn Lead program 

improved reading outcomes by 0.3 to 0.6 standard deviations (Spratt, King and Bulat 2013). 

 

This paper evaluates a similar though smaller scale approach of scripted and systematic instruction 

piloted as a randomized controlled trial in two provinces in Papua New Guinea.2  In this approach, 

teachers use one hour-long lesson per day from the time allocated to language instruction to follow 

highly scripted lessons on teaching reading skills.  Unlike other approaches, this is not a 

comprehensive reading instruction program, but rather provides remedial lessons on reading that 

is low cost to implement.  As a result, this paper contributes to the literature by showing that low-

cost, scripted instructional approaches in a remedial course format can have significant effects on 

early grade reading skills in a developing country context. 

 

2. Papua New Guinea and the Reader Booster Programme 

 

Papua New Guinea is classified by the World Bank as a lower-middle-income country.  Its per 

capita gross national income was 2,240 USD in 2014.  Economic growth has been around 5 percent 

per annum over the last 16 years, and an estimate of 6.6 percent per year between 2012 and 2016.  

The projected population in 2015 is 7.6 million people, and the adult literacy rate is projected to 

be 63.4 in 2015 (World Bank 2016a). 

                                                 
2 This program was implemented by the Government of Papua New Guinea under the Reading Project in PNG 
(P105897) funded by the Global Partnership for Education (GPE) with technical support from the World Bank and 
Marcia Davison. 
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Its primary education sector has experienced significant growth in participation: from 2008 to 

2012, during which time its universal basic implementation plan was implemented, primary 

enrollment increased from 600,000 to 1.4 million students.  The primary gross enrollment ratio 

increased from 60.5 to 114.7, and the primary net enrollment rate was 86 percent according to the 

latest available data from 2012 (World Bank 2016b).  Children begin school with three years of 

elementary school followed by six years of primary school.3  The language of instruction in 

elementary school is a local language while English is the official language of instruction for 

primary schools. 

 

Despite significant increase in enrollment, learning outcomes remain poor.  Eighth grade exam 

results reveal poor outcomes for literacy and numeracy (World Bank 2011).  Early grade reading 

assessments conducted in the National Capital District, Madang Province, Western Highlands 

Province and East New Britain from 2011 to 2013 found that children’s crucial pre-reading skills 

including “alphabetic principle and phonetics” were two years behind the curriculum target.  They 

also found that students took five years to attain some reading skill objectives required by the first-

grade curriculum (World Bank 2014a, 2014b, 2014c, 2014d). 

 

The Reader Booster Programme was designed as a remedial course to improve early literacy skills 

for children in the first two years of primary school, grades 3 and 4 (see Government of Papua 

New Guinea 2015; 2016). Kindergarten and grades 1 and 2 are typically taught at elementary 

schools.  The program was implemented in Madang Province in 2013 and Western Highlands 

Province in 2014.  The intervention developed highly scripted lesson plans for teachers to follow 

for one lesson per week and provided teachers with training to implement follow-up lesson plans.  

Time for these lessons was scheduled during the curriculum time allocated for language 

instruction; the national curriculum allows teachers to have flexibility in which materials they use 

and how they teach.  In addition to training, teachers were also provided with mentoring and 

coaching. 

                                                 
3 Until 2017, the general education system in PNG includes 12 years of schooling divided by elementary schools 
offering a three-year program consisting of a preparatory year and grades 1 and 2, and primary schools offering a 
six-year program consisting of grades 3-8.  
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The intervention targeted three key pre-reading skills: initial sound identification, letter sound 

knowledge, and word reading.  These domains in addition to several others were tested in the series 

of early grade reading assessments conducted before and after the interventions were implemented. 

 

In both provinces, schools were randomly sampled and assigned to either a treatment group which 

received the intervention or a control group which did not.  In Madang Province, 15 schools were 

assigned to the treatment group while 16 schools were assigned to a control group.  In Western 

Highlands Province, 23 schools were assigned to the treatment group and 23 to the control group. 

 

The intervention was implemented in the treatment schools in Madang province in 2013.  

However, the unpublished government report indicates that the intervention was delayed until late 

in the school year due to various logistical issues; consequently, the Madang students were not 

fully exposed to the intervention (Government of Papua New Guinea 2016).  The intervention in 

the Western Highlands Province was implemented in 2014. 

 

3. Data and sample characteristics 

 

A. Early grade reading assessment and timeline 

 

In order to measure the impacts of the interventions, an Early Grade Reading Assessment (World 

Bank 2014b,c) was applied the year before and the year after each intervention in Madang and 

Western Highlands Provinces.  The assessment measures basic reading skill domains: letter 

recognition, phonemic awareness, phonics, word reading, oral reading fluency, reading 

comprehension, listening comprehension and alphabetic principle.   These skills are measured on 

nine sub-tests: letter name knowledge, initial sounds of words, letter sound knowledge, familiar 

word reading, unfamiliar word reading, reading comprehension, listening comprehension, oral 

reading fluency and dictation (World Bank 2014a:23).  The intervention aims to improve three 

reading skill domains measured in these data: word initial sound knowledge, letter sound 

knowledge and familiar word knowledge.  However, the letter sound domain is excluded from this 

analysis as the government report as well as an unpublished reliability analysis found the domain 
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to be unreliable in the end-line Madang dataset.4   

 

The Early Grade Reading Assessment was conducted four times, both before and after the 

interventions in the two provinces.  In Madang, the intervention occurred in 2013, and the 

assessments were conducted in 2011 and at the end of the school year in 2013.  In Western 

Highlands Province, the intervention occurred in 2014, and the assessments were conducted in 

2013 and at the end of the school year in 2014.  The data sets were not implemented as a panel as 

a new sample of students was drawn in each round.  

 

The World Bank provided four data sets for each of the four rounds of the assessment.  These data 

included scores for each of the 9 reading skill domains, sample weights, and several variables 

about the schools and students, which are described below.  The reading domain scores contain a 

proportion of zero scores, which vary depending on the domain, suggesting a truncated 

distribution.  As a result, the reading domain scores are standardized using a mean and standard 

deviation of the control group, baseline students estimated using a Tobit model. 

 

B. Sample sizes and attrition 

 

Table 1 presents the number of schools sampled in each round of EGRA.  In Madang province, 

the baseline sample included 11 of the 15 control schools and 10 of the 16 treatment schools.  End-

line assessment data are missing for 5 of the sample control schools and 3 of the sampled treatment 

schools.  The unpublished government report states that this is due to logistical, financial and 

weather issues; it is unlikely that the interventions had any effect on school attrition in Madang.  

Four of the remaining control schools and 5 of the remaining treatment schools were added to the 

sample, but there are no baseline data for these additional schools.  In Western Highlands Province 

(WHP), 10 each of the 23 treatment and control schools were sampled at baseline and all 23 

treatment and control schools were sampled at end-line.  For the additional 13 control and 13 

treatment schools included in the end-line data, there are no baseline data. 

                                                 
4 An unpublished reliability analysis found that the letter sounds domain was negatively associated with the initial 
sounds domain controlling for all other domains for the Madang end-line sample.  For other samples, it is strongly 
positive.  We replicated this analysis and found the same result.  If it were included in this paper, it would yield the 
largest effect size (over 1 standard deviation) compared to the effect sizes on the other domains. 
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Table 1. Trial and data summary 

Madang Province  Control  Treatment 

  No. of schools in the trial  15  16 

  of which were sampled in EGRA       

    at baseline (2011)  11  10 

    at end‐line (2013)  10  12 

    at both baseline and end‐line  6  7 

Western Highlands Province  Control  Treatment 

  No. of schools in the trial  23  23 

  of which were sampled in EGRA       

    at baseline (2013)  10  10 

    at end‐line (2014)  23  23 

      at both baseline and end‐line  10  10 

Source: PNG Madang and WHP EGRA datasets for number of schools in the 
sample; unpublished government reports and sampling data for number of 
schools in the pilots 

 

Sample sizes by grade, province and school treatment status are described in Table 2.  Second 

grade students were sampled only in the Madang province baseline round, and the samples for the 

Western Highlands Province include 4th grade students only at baseline. Each round of EGRA is 

sampled as a repeated cross-section, and, because of the timing, no cohort was sampled more than 

once except for the 2nd grade students in the Madang baseline; they were in 4th grade at the time of 

the Madang end-line sampling.  

 

Table 2. Number of students sampled in EGRA 

      Madang Province 
Western Highlands 

Province 

      Control  Treatment  Control  Treatment 

Baseline sample          

  No. of 2nd grade students  188  212  0  0 

  No. of 3rd grade students  230  216  223  228 

  No. of 4th grade students  214  219  211  227 

End‐line sample             

  No. of 2nd grade students  0  0  0  0 

  No. of 3rd grade students  197  240  466  489 

  No. of 4th grade students  184  254  0  0 

Baseline and end‐line surveys sampled different cohorts of students.  Source: PNG EGRA 
Madang and WHP datasets 

 

The data used in this evaluation are that of grade 3 only.  The 4th grade sample at end-line does not 

include any students from Western Highlands Province, and while the 4th grade sample in Madang 

province could be used with the 2nd grade sample, the sample of students in schools that were 
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included in both baseline and end-line is small. 

 

Table 3 compares baseline reading achievement scores between students in schools that appeared 

in the baseline and not the end-line (“attrition schools”) and in schools that appeared in both the 

baseline and end-line (“non-attrition schools”).  None of the reading domains’ differences are 

statistically significant; however, a difference as large as 0.3 standard deviation cannot be rejected 

for the letter names domain.  With the exception of this domain, the data suggest little difference 

in reading achievement between the attrition schools and schools appearing in both rounds of the 

survey.    

Table 3. Baseline difference in reading scores between attrition schools and schools 
sampled in both base‐ and end‐lines (standard deviations). 

     

Attrition 
schools 

Non‐attrition 
schools 

Difference 

Reading domains targeted by the intervention     

 

Initial sounds  0.143 
(0.101) 

0.286 
(0.039) 

‐0.142 
(0.108) 

Familiar words  0.208 
(0.183) 

0.167 
(0.058) 

0.041 
(0.192) 

Other reading domains          

 

Letter names  ‐0.097 
(0.245) 

0.092 
(0.043) 

‐0.189 
(0.249) 

 

Unfamiliar words  0.08 
(0.15) 

0.169 
(0.046) 

‐0.088 
(0.157) 

 

Reading comprehension  0.166 
(0.103) 

0.252 
(0.046) 

‐0.086 
(0.113) 

 

Oral comprehension  0.08 
(0.113) 

0.179 
(0.05) 

‐0.099 
(0.124) 

 

Dictation  0.136 
(0.26) 

0.172 
(0.058) 

‐0.036 
(0.266) 

  

Oral reading fluency  0.107 
(0.151) 

0.188 
(0.059) 

‐0.08 
(0.162) 

Standard errors presented in parentheses.  Statistical significance at the 10, 5 and 1 
percent levels denoted by *, **, and ***, respectively. 

 

 

Students in attrition and non-attrition schools differ in terms of their background characteristics, 

as compared in Table 4, but neither has a clear advantage.  Students in attrition schools are less 

likely to have printed materials at home to read and more likely to be absent for more than two 
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weeks from school in the previous year but, at the same time, are more likely to have someone 

read to them at home and are in smaller classes.  They are also less likely to be in multi-grade 

classes and be tested in the national language, Tok Pisin, rather than English.  Neither attrition nor 

non-attrition school students have a consistent advantage in terms of background characteristics. 

 

Table 4. Baseline difference in background variables between attrition schools and schools sampled 
in both base‐ and end‐lines (standard deviations). 

     

Attrition schools  Non‐attrition 
schools 

Difference 

 

Female student  0.524 
(0.026) 

0.477 
(0.01) 

0.047 
(0.028) 

 

Speaks English at home  0.39 
(0.047) 

0.385 
(0.024) 

0.005 
(0.053) 

 

Has printed materials at home to read  0.629 
(0.03) 

0.696 
(0.022) 

‐0.067* 
(0.037) 

 

Has someone at home who can read  0.879 
(0.024) 

0.853 
(0.018) 

0.026 
(0.03) 

 

Someone reads to the student at home  0.854 
(0.027) 

0.674 
(0.026) 

0.18*** 
(0.037) 

Absent more than two weeks in prev year  0.49 
(0.067) 

0.245 
(0.023) 

0.245*** 
(0.071) 

 

Multigrade class  0.14 
(0.128) 

0.919 
(0.032) 

‐0.779*** 
(0.132) 

 

Class size  41.371 
(2.678) 

78.188 
(10.888) 

‐36.817*** 
(11.213) 

  

Majority of EGRA tests in Tok Pisin  0.004 
(0.004) 

0.196 
(0.048) 

‐0.192*** 
(0.048) 

Table presents estimates of the difference in differences in background variables at baseline 
between students in treatment and control schools and in schools included and not included in the 
end‐line sample.  Standard errors presented in parentheses.  Statistical significance at the 10, 5 and 
1 percent levels denoted by *, **, and ***, respectively. 

 

C. Baseline balance 

 

Table 5 presents the difference in baseline reading achievement scores between treatment and 

control group students for those in all schools sampled at baseline and for those in schools 

appearing in both the baseline and end-line samples; positive values indicate that the treatment 

group has a higher estimate than the control group.  For all baseline schools, large and statistically 

significant differences exist between the treatment group and control in three reading domains: 

familiar words, dictation and oral reading fluency.  Several other domains have differences that, 
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while not statistically different from zero, are also not statistically different from 0.2 standard 

deviation. In other words, moderate differences between the treatment and control groups cannot 

be ruled out.  In the sample of students in non-attrition schools, the differences between treatment 

and control groups tend to be lower. None of the reading domain differences for these students are 

statistically different from zero, but several, including dictation and oral reading fluency, are not 

statistically different from 0.3 standard deviation as well. 

 

Table 5. Baseline differences in reading scores between treatment and 
control groups at baseline (standard deviations) 

     

All baseline schools  Non‐attrition 
schools 

Reading domains targeted by the intervention   

 

Initial sounds  0.091 
(0.074) 

0.046 
(0.078) 

 

Familiar words  0.246* 
(0.14) 

0.169 
(0.161) 

Other reading domains      

 

Letter names  0.122 
(0.094) 

0.041 
(0.099) 

Unfamiliar words  0.132 
(0.099) 

0.058 
(0.112) 

 

Reading comprehension  0.112 
(0.106) 

0.06 
(0.134) 

 

Oral comprehension  0.036 
(0.104) 

0.014 
(0.123) 

 

Dictation  0.288** 
(0.14) 

0.159 
(0.154) 

  

Oral reading fluency  0.251* 
(0.143) 

0.179 
(0.17) 

Table presents estimates of the difference in reading score between 
treatment and control groups.  Positive differences imply that the 
treatment group has a higher score than the control group.  Standard errors 
presented in parentheses.  Statistical significance at the 10, 5 and 1 percent 
levels denoted by *, **, and ***, respectively. 

 

 

Differences in the available background variables between treatment and control groups are 

estimated in Table 6.  Statistically significant differences exist for the proportion of females, 

availability of printed materials at home, whether someone reads to the child at home, class size, 

and whether a majority of the tests at the school are in Tok Pisin.  The differences between 

treatment and control groups are roughly the same whether comparing students in the baseline 
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schools or students in the non-attrition schools.  This suggests that any imbalance is a result of the 

randomized assignment of treatment rather than the attrition of schools. 

 

Table 6. Differences in background characteristics between treatment and control groups 
at baseline 

     

All baseline 
schools 

Non‐attrition 
schools 

 

Female student  ‐0.051*** 
(0.016) 

‐0.055*** 
(0.018) 

 

Speaks English at home  0.07 
(0.051) 

0.085 
(0.058) 

 

Has printed materials at home to read  0.085** 
(0.037) 

0.088** 
(0.042) 

 

Has someone at home who can read  0.038 
(0.034) 

0.025 
(0.04) 

 

Someone reads to the student at home  0.093* 
(0.054) 

0.107* 
(0.057) 

 

Absent more than two weeks in prev year  ‐0.039 
(0.052) 

‐0.063 
(0.064) 

 

Multigrade class  ‐0.004 
(0.092) 

‐0.012 
(0.079) 

Class size  40.822** 
(18.425) 

46.318** 
(21.544) 

  

Majority of EGRA tests in Tok Pisin  ‐0.174* 
(0.091) 

‐0.163* 
(0.093) 

Table presents estimates of the difference in background variables between treatment 
and control groups.  Positive differences imply that the treatment group has a higher 
value than the control group.  Standard errors presented in parentheses.  Statistical 
significance at the 10, 5 and 1 percent levels denoted by *, **, and ***, respectively. 

 

 

4. Empirical strategy and results 

 

A. Estimation model 

 

The empirical strategy is to estimate the school-level effect of the reader boost program using a 

difference-in-differences approach with covariates.  The school-level effect is estimated because 

students in the baseline and end-line samples are different and represent different cohorts.  The 

difference-in-differences approach and the inclusion of student and school background variables 

as controls are motivated by the imbalance detected between treatment and control groups in some 

achievement scores and background variables.  The effect is also assumed to vary by gender. 
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Reading scores for the ith student and school j,  are modeled as a linear function of being in a 

program school, , being sampled at end-line, , being female, , other student and school 

characteristics,  and disturbance, .   

 

 

 

Coefficient, , is the impact of the program on male test scores, and  is the impact on 

female test scores.  Because achievement scores in some domains may have a high proportion of 

zero scores, a Tobit model is used to estimate the model.  Baseline sample weights are adjusted to 

reflect attrition of schools in the end-line data, and standard errors are estimated to be robust to the 

two-stage sampling method (schools, then students) and a finite population correction based on 

the number of schools in each province. 

 

B. Impact of the Reader Booster Programme 

 

Estimates of the model are presented in Table 7.  For males, the intervention has a statistically 

significant and large effect on one of the reading domains targeted by the intervention, of 0.63 

standard deviation for initial sounds.  The effect on males’ familiar words achievement is not 

statistically different from zero.  For females, the effect is large and statistically significant for 

both domains, and statistically higher than males for the familiar words domains.  

 

The program also had positive effects on reading domains that are not targeted by the intervention.  

For males, a positive effect is found only for oral reading comprehension; for females, positive 

and large effect sizes are found for five of the six other domains.  The effect size in the other 

domains is statistically higher for females than males in three of the six domains. 
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Table 7. Tobit model estimates of the impact of interventions on reading domains (in standard deviations). Includes 
schools in both baseline and end‐line surveys only 

  
Domains targeted by 
the intervention  Other reading domains 

  
Initial 
sounds 

Familiar 
words 

Letter 
names 

Unfamiliar 
words 

Reading 
comp. 

Oral 
comp.  Dictation 

Oral 
read. 
fluency 

time  0.027 
(0.178) 

0.562*** 
(0.199) 

0.529*** 
(0.153) 

0.42** 
(0.177) 

0.412* 
(0.22) 

‐0.178 
(0.161) 

0.335 
(0.204) 

0.695*** 
(0.215) 

treatment  0.103 
(0.129) 

0.044 
(0.127) 

0.072 
(0.115) 

0.113 
(0.16) 

0.091 
(0.224) 

‐0.164 
(0.146) 

0.068 
(0.146) 

0.1 
(0.137) 

time x treatment 
(impact on males) 

0.627*** 
(0.186) 

0.304 
(0.273) 

‐0.03 
(0.175) 

0.121 
(0.199) 

0.245 
(0.285) 

0.485* 
(0.266) 

0.063 
(0.225) 

0.12 
(0.253) 

female  ‐0.092 
(0.07) 

0.025 
(0.108) 

‐0.068 
(0.096) 

‐0.07 
(0.125) 

‐0.035 
(0.107) 

‐0.068 
(0.112) 

‐0.078 
(0.081) 

0.171 
(0.107) 

time x female  0.039 
(0.123) 

‐0.158 
(0.174) 

‐0.061 
(0.126) 

‐0.114 
(0.174) 

0.033 
(0.132) 

‐0.062 
(0.196) 

‐0.113 
(0.155) 

‐0.258 
(0.184) 

treatment x female  0.003 
(0.132) 

‐0.126 
(0.134) 

0.046 
(0.133) 

‐0.318* 
(0.161) 

‐0.151 
(0.147) 

0.007 
(0.159) 

‐0.086 
(0.12) 

‐0.266** 
(0.12) 

time x treatment x 
female 

0.115 
(0.171) 

0.64** 
(0.255) 

0.205 
(0.164) 

0.518** 
(0.221) 

0.454** 
(0.214) 

0.303 
(0.279) 

0.322 
(0.192) 

0.668*** 
(0.217) 

constant  0.242*** 
(0.175) 

0.872*** 
(0.154) 

0.162*** 
(0.16) 

0.603*** 
(0.138) 

0.685*** 
(0.144) 

0.262*** 
(0.127) 

0.788*** 
(0.145) 

0.979*** 
(0.148) 

other control 
variables 

yes 
 

yes 
 

yes 
 

yes 
 

yes 
 

yes 
 

yes 
 

yes 
 

impact on females  0.742*** 
(0.184) 

0.944*** 
(0.228) 

0.175 
(0.171) 

0.639*** 
(0.189) 

0.698*** 
(0.236) 

0.788*** 
(0.238) 

0.385** 
(0.172) 

0.788*** 
(0.244) 

average impact  0.678*** 
(0.163) 

0.612*** 
(0.219) 

0.069 
(0.153) 

0.358** 
(0.158) 

0.456* 
(0.239) 

0.63*** 
(0.21) 

0.214 
(0.177) 

0.445* 
(0.225) 

Table presents estimates of nine Tobit regression models.  Standard errors denoted in parentheses.  Statistical 
significance at the 1, 5, and 10 percent levels denoted by ***, ** and *, respectively.  Impact on females is the 
estimated sum of time x treatment + time x treatment x female.  Number of observations is 893 students.  Average 
impact (for both genders) is estimated using a separate Tobit model including time, treatment and time, treatment 
(average impact) and other control variables as regressors. 

 

An average impact is also estimated and presented in Table 7.  This average impact is estimated 

using a Tobit model but excluding the gender variables.  Overall, the program had a strong positive 

impact in the three reading domains targeted by the intervention and four of the six other reading 

domains.   

 

 

C. Internal validity and robustness checks 

 

The effect size was estimated using five other methods to test the robustness of the model’s 

estimates given the imbalance and school attrition described above; these results are not presented 
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in this paper but available from the author on request.  In the first method, the effect sizes were 

estimated using no control variables.  In the second, the end-line data alone are used to estimate 

impact as this provides a larger sample size. 

 

One reason for poor balance in the baseline may be the relatively small population of schools to 

draw on.  Recent studies in the medical research field have dealt with this source of poor balancing 

(van Marwijk et al. 2008; Xu and Kalbfleisch 2010; Ravaud et al. 2009; Roux et al. 2011; Taft et 

al. 2011; Schwartz et al 2015; Leyrat et al. 2016).  Leyrat et al. (2013) use a Monte Carlo simulation 

to assess the accuracy of several different methods including the use of covariates, weighting 

observations by the inverse of the probability of being selected into their respective treatment or 

control group (e.g.: Seaman and White 2013) and a direct adjustment by including this probability 

as a covariate.  These latter two methods are the third and fourth methods used in this paper to test 

for robustness.  Finally, Lee bounds (Lee 2009) are estimated using data aggregated at the school 

level to test whether school attrition may affect the results. 

 

For all five methods, the results are similar to the estimates of the model.  Only the estimates from 

the first method, the Tobit model without covariates, and the fifth method, school-level Lee bounds 

(without covariates) yielded notably smaller effect sizes.  The remaining methods produced effect 

sizes similar to those presented in Table 7. 

 

Two other issues may affect the internal validity of the estimates of impact.  First, some 

contamination of control schools was reported, as Catholic schools in Madang Province received 

some special training in phonics.  Second, because the data are repeated cross-sections of different 

cohorts, there are no data on student dropout or non-response.  If the intervention affects whether 

students are present for the end-line data collection, then effect sizes may be biased. 

 

D. External validity 

 

Schools were randomly selected from a pre-defined population of schools that excluded very small 

schools, schools in highly remote areas, and those in dangerous areas.  Attrition of schools from 

the Madang Province sample was a result of financial, logistical and weather issues.  While these 
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issues were unrelated to the treatment, if they reflect underlying characteristics of the schools that, 

in turn, affect the impact of the treatment, then this would introduce some bias.  More generally, 

the effect sizes estimated in this paper may not be replicable in the more remote areas of the country 

or in those prone to the issues that led to the attrition of the schools in Madang. 

 

5. Cost effectiveness 

 

Benchmarking the impact of the Reader Booster Programme to other interventions helps assess 

the efficiency of the intervention and benefits of scaling up the intervention versus other types of 

interventions.  The Abdul Latif Poverty Action Lab at the Massachusetts Institute of Technology 

compiles data on costs and impacts of several randomized impact evaluations in education.  Table 

8 presents the cost effectiveness of these programs measured as the impact on test scores in 

standard deviations per 100 USD cost.  In their data, 2.278 standard deviations is the median 

impact per 100 dollars.  The figures are not perfectly comparable.  Tests differ in grade level and 

psychometric properties, but it provides a general range of cost effectiveness data with which to 

benchmark the Reading Booster Programme. 
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Table 8. Estimated impact of selected randomized interventions (standard 
deviations per 100 US dollars) 

Intervention  SD/$100 

Providing earnings information, Madagascar  118.338 

Streaming by achievement, Kenya  34.784 

Linking school cmte to local govt, Indonesia  34.624 

Electing school cmte & linking to local govt, Indonesia  13.337 

Teacher incentives (year 2), Kenya  6.291 

Textbooks for top quintile, Kenya  3.563 

Remedial education, India  3.069 

Camera monitoring, India  2.278 

Village‐based schools, Afghanistan  2.126 

Extra contract teacher + streaming, Kenya  1.971 

Individually‐paced computer assisted learning, India  1.551 

Girls Scholarships, Kenya  1.384 

Read‐a‐thon, Philippines  1.176 

Minimum conditional cash transfers, Malawi  0.06 

Contract teachers, Kenya  ‐0.299 

Source: Abdul Latif Poverty Action Lab (2014)   
 

The total cost for each year of the Reading Booster Programme was 794,243 PGK (250,549 USD) 

based on data from the World Bank project which supported the program. Because this program 

was implemented during regular teaching hours, there is no additional cost of teachers; these costs 

reflect training and distribution of materials as well as monitoring and evaluation. The program 

benefitted 4,272 students, yielding a cost of 186 PGK (59 USD) per student (World Bank 2016c).  

Table 9 presents the average impact of the program in standard deviations per 100 USD, which is 

calculated by dividing the impacts presented in Table 7 by 0.59. Per 100 USD, the impact of this 

program on the two targeted reading domains ranges from 1.04 to 1.16 standard deviations.  For 

the other reading domains where a statistically significant effect was found, effect sizes range from 

0.61 to 1.07 standard deviations per 100 USD.  The reader booster program is most cost effective 

for girls; cost effectiveness, like effect size presented in Table 7, is higher in the five domains that 

have statistically higher effect sizes than males.  
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Table 9. Estimated impact of intervention on reading domains in standard deviations per 100 USD cost per student 

  
Domains targeted by 
the intervention  Other reading domains 

  
Initial 
sounds 

Familiar 
words 

Letter 
names 

Unfamiliar 
words 

Reading 
comp. 

Oral 
comp.  Dictation 

Oral 
read. 
fluency 

Effect per 100 USD 
males 

1.069*** 
(0.317) 

0.519 
(0.465) 

‐0.052 
(0.298) 

0.206 
(0.339) 

0.417 
(0.485) 

0.826* 
(0.453) 

0.107 
(0.384) 

0.204 
(0.432) 

Effect per 100 USD 
females 

1.264*** 
(0.314) 

1.61*** 
(0.388) 

0.298 
(0.291) 

1.09*** 
(0.322) 

1.19*** 
(0.403) 

1.343*** 
(0.405) 

0.656** 
(0.294) 

1.343*** 
(0.416) 

Average effect per 100 
USD 

1.156*** 
(0.278) 

1.044*** 
(0.373) 

0.117 
(0.261) 

0.611** 
(0.27) 

0.778* 
(0.407) 

1.074*** 
(0.359) 

0.365 
(0.301) 

0.759* 
(0.384) 

Table presents average effects of the intervention in standard deviations per 100 USD; this calculated using the average 
effects of Table 7 and dividing by the cost per student in 100s USD (58.65 USD). Statistical significance at the 1, 5, and 10 
percent levels denoted by ***, ** and *, respectively. 

 

 

Compared to the data compiled by the Poverty Action Lab, this intervention’s cost effectiveness 

lies towards the bottom end of the distribution.  However, it is not clear how this intervention will 

affect test scores later in the students’ schooling.  The impact of the program may be amplified 

over time, as early reading skills are crucial to a child’s literacy and future learning. 

 

 

 

6. Conclusions 

 

These findings provide evidence that a teacher training approach providing highly scripted lesson 

plans can improve basic reading skills in a low-cost, remedial course format, especially for girls.  

The Papua New Guinea curriculum provides teachers with flexibility over how they use their 

instructional time for language; this flexibility permitted the piloting and evaluation of the 

program.  The Reader Booster Programme diverges from the curriculum’s approach by providing 

teachers with a very specific teaching method and scripted lesson plans that they apply within the 

time allocated to language instruction. 

 

A natural question is how much flexibility should teachers have within the curriculum in a 

developing country context?  Highly structured approaches are appealing in contexts where teacher 

qualification and ability vary considerably.  While in developed countries, the use of highly 
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scripted lesson plans has received mixed reception, evaluations of interventions providing teachers 

with specific teaching methods and lesson plans have been shown to be successful in developing 

countries to improve early reading skills. The Reader Booster Programme adds to this evidence-

base demonstrating an intervention that is formatted as a remedial course aimed at improving 

specific reading skills.  The remedial course format is advantageous because it can be implemented 

without changes to the national curriculum and can be targeted to schools most in need.  Its low 

cost is also important given the education budget constraints faced by Papua New Guinea and other 

developing countries. 

 

One limitation of the Reader Booster Programme is the weaker effect on boys. It is not clear from 

the data collected in this study why this may be the case.  Qualitative work would be beneficial to 

better understand this outcome; however, the program has already completed.  If this approach is 

replicated in other countries, gender differences in the effects should be studied closely. 
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