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Several rigorously evaluated programs have recently shown positive effects on early literacy and numer-
acy outcomes in developing countries. However, these programs have not been designed to evaluate
which ingredients of the interventions are most essential to improve literacy outcomes. Policy makers
therefore lack evidence as to whether program ingredients such as teacher professional development
(PD), instructional coaching, learner materials, teachers’ guides, community support, or technology are
required for program impact. The Kenya Primary Math and Reading Initiative was a randomized con-
trolled trial that compared three treatment groups with specific ingredients and a control group. Using
literacy and numeracy outcome measures for grades 1 and 2, we evaluated the benefits of the following
ingredients: (1) teacher PD and teacher instructional support and coaching; (2) revised student books in
literacy and numeracy, at a 1:1 ratio, added to PD and instructional support; and (3) structured teacher
lesson plans added to student books, PD, and instructional support. We found that two of the three com-
binations of ingredients had statistically significant positive impacts on learning outcomes. The results
showed that the third combination—PD, teacher instructional support and coaching, 1:1 student books,
and structured teacher lesson plans—was most effective. A cost-effectiveness analysis on the ingredients
showed that the option of PD and instructional support, 1:1 revised books, and teachers’ guides was the
most expensive, but that the additional impact on learning made this the most cost-effective interven-
tion. This study rigorously analyzes which ingredients for literacy and numeracy improvement would
be most effective for overall impact, and suggests to policy makers that careful decisions regarding pro-
gram ingredients will lead to more effectively designed and implemented interventions to improve learn-
ing in developing countries.
� 2018 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction literacy and numeracy” (United Nations, 2015, p. 21). Improving
In recent years, national and international education policy
makers increasingly have focused on quality—what do children
learn in school, and how valuable are those skills when they leave
school? This emphasis is evident in the new Sustainable Develop-
ment Goals, adopted in 2015. Goal 4 is ‘‘Ensure inclusive and equi-
table quality education and promote lifelong learning,” and more
specifically, target 4.6 states: ‘‘by 2030, ensure that all youth and
a substantial proportion of adults, both men and women, achieve
learning outcomes is, therefore, now a critical interest of donors
and national governments alike.

Although stating that educational quality is important is a nec-
essary first step for national policy makers, they must now begin
the difficult work of determining how to improve their systems
in order to achieve the goals of literacy and numeracy for all. Edu-
cational policy making can be difficult in any country, but it is
especially challenging in developing countries, where both
resources and guiding evidence are particularly scarce. Regarding
the evidence (or lack thereof), whereas ever more early grade liter-
acy programs are being rigorously evaluated, such research typi-
cally has not shown the effects of specific elements of the
programs’ technical design. In other words, a researcher might
group a literacy program into the broad category of ‘‘teacher
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professional development” (PD), but then not comprehensively
evaluate the impact of program components such as teacher in-
service training, teacher pre-service training, a 1:1 pupil-to-
textbook ratio, additional supplementary readers, or teacher lesson
plans. Recent research in developing-country contexts has shown
that effective programs can have a combination of possible inter-
vention components—teacher professional development, student
books, teachers’ guides with daily lesson plans, community inter-
ventions, information and communication technology (ICT) inter-
ventions, and teacher coaching. Given the wide range of program
components that may exist within a single study, meta-analyses
of these types of studies do not result in a proven set of ingredients
that education planners can choose from. Although a larger body of
research has examined specific components of literacy programs
tightly focused on quality improvement, such as textbook provi-
sion and structured teachers’ guides, the literature is mixed and
controversial. Given the few rigorous studies in Southern countries,
there is even less evidence regarding the specific components
required to improve numeracy outcomes.

Faced with this lack of clear evidence, it is important to com-
pare various distinct program ingredients against different ingredi-
ent combinations, rather than solely comparing each treatment
with a control group. In this paper, we aim to provide evidence
on the effectiveness of three components of a literacy and numer-
acy intervention in the Kenyan context. This is important in Kenya,
as in other countries focused on instructional improvement, due to
the explicit attention paid to improved learning outcomes (the
National Education Sector Plan: Ministry of Education [MoE],
2014) and the existence of ongoing, large-scale interventions that
aim to rapidly improve learning outcomes. Given scarce resources
in the Kenyan context, policy makers need to have evidence not
only about the effect of programs, but also about the cost-
effectiveness of the options available. This area of research is
remarkably nascent, with few large-scale initiatives providing pol-
icy makers with cost-effectiveness comparisons (Piper, Zuilkowski,
& Mugenda, 2014). Below, we examine how the different compo-
nents of one intervention worked together to improve primary stu-
dents’ literacy and numeracy outcomes. This evidence may assist
policy makers in deciding how to most effectively allocate educa-
tional funding in resource-scarce settings.
2. Background and context

2.1. Improving literacy and numeracy in developing countries—what
works?

Several recent meta-analyses and systematic reviews have
attempted to assess the effects of a range of educational interven-
tion types that have been used in developing countries (Conn,
2014; Ganimian & Murnane, 2016; Glewwe, Hanushek,
Humpage, & Ravina, 2013; Kremer, Brannen, & Glennerster,
2013; Kremer & Holla, 2009; Krishnaratne, White, & Carpenter,
2013; McEwan, 2015). As noted by Evans and Popova (2015), these
reviews have little overlap in the studies included, and they some-
times categorize studies differently, possibly explaining their
divergent findings. Additionally, such approaches compress wide
categories of interventions—those using ICT, for example—into
one averaged effect size. While this is a useful first step from a
policy-making perspective, it does not go far enough in giving edu-
cation policy makers the specific information they need. Early
grade literacy and numeracy programs in developing countries
may include a wide range of component parts. In some cases, all
of these parts may be complementary and necessary in order to
produce positive student results. In other cases, the effect may be
driven by one or two of those components, with other parts of
the program increasing the cost but not producing additional ben-
efits. In this section, we briefly review the evidence for three com-
ponents that are typically part of such programs—teacher
professional development, student textbooks, and teachers’ guides
that include daily lesson plans.

The most basic version of the intervention discussed in this
study (described further below) involved teacher professional
development. Given that student–teacher interactions are at the
core of learning to read, and that much of the teaching pedagogy
used in Kenya is a didactic type not supported by current research
(Dubeck, Jukes, & Okello, 2012), with limited teacher and student
interactions (Ackers & Hardman, 2001), it is critical that teachers
already in the classroom be retrained in literacy and numeracy
pedagogical techniques. Piper and Spratt (2017) reviewed potential
options for teacher professional development for Cambodia,
describing a range of options that could be effective in the current
educational context, many of which could be applicable in Kenya.

While not all teacher professional development programs are
successful, studies in Kenya have found that teacher professional
development programs can improve teachers’ literacy knowledge
(Dubeck, Jukes, Brooker, Drake, & Inyega, 2015). In a meta-
analysis of 17 rigorous studies of primary-level teacher profes-
sional development programs in developing countries, McEwan
(2015) found a mean effect size on student outcomes of 0.12
standard deviations (SD). Conn (2014), examining studies in
sub-Saharan Africa in her meta-analysis, found far larger effects
for pedagogical interventions, a broader category that includes
teacher coaching: 0.918 SD for all studies, and 0.228 SD for those
she categorized as ‘‘high quality.”

In addition to teacher professional development, all three vari-
ations of the program studied here included teacher coaching as a
base element. In the United States, studies in a variety of contexts
have shown that coaching approaches can impact teacher peda-
gogy and student outcomes (Biancarosa, Bryk, & Dexter, 2010;
Carlisle, Cortina, & Katz, 2011; Matsumura, Garnier, Correnti,
Junker, & Bickel, 2010; Teemant, 2014). While evidence on
coaching-based professional development is limited in sub-
Saharan Africa, our work in Kenya found that this approach was
also effective in this context (Piper & Zuilkowski, 2015; Piper
et al., 2014; Zuilkowski & Piper, 2017). Given that Kenyan teachers
generally have two or three years of postsecondary education,
compared to four or more in wealthier countries, such one-on-
one support is critical in developing teacher skills.

The role of text access in learning to read is central: While
students can learn letters and words from a blackboard or slate,
children cannot truly become fluent readers without exposure to
a variety of reading material (Kim, Boyle, Zuilkowski, & Nakamura,
2017). Teachers in resource-poor contexts greatly value textbooks
as pedagogic tools (Lee & Zuilkowski, 2015). The empirical evi-
dence on the relationship between textbooks and student achieve-
ment is mixed, however. A number of studies, many conducted in
the 1980s and 1990s, have found positive associations between
textbook availability and outcomes in developing countries
(Fehrler, Michaelowa, & Wechtler, 2009; Fuller, 1987; Harbison &
Hanushek, 1992; Heyneman & Jamison, 1980; Heyneman,
Jamison, & Montenegro, 1984; Lockheed, Vail, & Fuller, 1986;
Riddell & Nyagura, 1991; Yara & Otieno, 2010). Many of these stud-
ies used multiple regression analytic methods that were unable to
isolate the causal effect of the textbooks. More recently, other stud-
ies have shown that the mere presence of books is not enough to
ensure improved student performance; other factors interact with
the availability of textbooks to produce effects (Mohammed &
Kumari, 2007; Read, 2011; Sabarwal, Evans, & Marshak, 2013;
Somerset, 2011). A recent meta-analysis found that the mean effect
size for interventions that included instructional materials was just
0.08 standard deviations (SD) (McEwan, 2015). As noted above,



1 Until 2015, instructional support for teachers in public schools was provided by
eachers’ Advisory Centre (TAC) tutors, under Kenya’s Teachers’ Service Commission
SC). In early 2016 the TSC changed the title of the position to Curriculum Support
fficer (CSO) to better reflect renewed emphasis on teacher support. Although PRIMR
011–2015) dealt with TAC tutors, this article reflects the updated terminology.
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this research suggests that provision of texts alone is not enough,
as students must be allowed to actually use the books and teachers
must know how to effectively incorporate the texts into their ped-
agogy. In Kenya, Glewwe, Kremer, and Moulin (2009) found in a
randomized controlled trial (RCT) that only the highest-achieving
students’ scores increased after the provision of additional
textbooks.

Another possible explanation for books showing a limited effect
on learning, as suggested by Glewwe and colleagues, is that the
books are not well designed—they may be leveled too high or in
a language that children are just beginning to learn. Studies con-
ducted in India also have pointed to the importance of teaching
children at the right level (Banerjee et al., 2016). There is little
research that distinguishes between the impact of standard text-
books, often with many flaws, and well-designed textbooks. In
the Kenyan literacy and numeracy program that we analyze
below—the Primary Math and Reading (PRIMR) Initiative—student
textbooks were redesigned to match the curriculum, aligned with
current research on literacy and numeracy development, and
matched to the actual skill levels of children in grades 1 and 2.
Two treatment groups received these student textbooks, but a
third treatment group did not. The PRIMR data that we analyze will
therefore help to clarify the impact of high-quality textbooks in
early grade learning in countries like Kenya.

Our current study also addresses the controversy regarding the
effectiveness of an approach using structured teachers’ guides pro-
vided to teachers. Several rigorous studies have shown that pro-
grams using teachers’ guides can have a positive effect on
learning outcomes and can make it easier for teachers to learn
new methods (Reeves, 2010). In the United States, critics have
raised concerns about scripted lesson plans potentially limiting
both the curriculum and the ability of teachers to adapt content
to make it more relevant to their students (Milner, 2014).
Researchers have also documented negative impacts of scripted
lessons on teacher motivation (Crocco & Costigan, 2007). The
potential for structured teachers’ guides to assist teachers to
change their teaching methods (Reeves, 2010), however, might
be particularly helpful in contexts like Kenya’s, where teachers
generally have less preparation and academic background than in
Western contexts. A number of studies have used structured teach-
ers’ guides in sub-Saharan Africa (Piper & Korda, 2010; Tilson,
Kamlongera, Pucilowski, & Nampota, 2013), and Bridge Interna-
tional Academies is using a tightly controlled scripted lesson plan
approach to expand educational access in Liberia, Kenya, Uganda,
and Nigeria, with plans to extend across Africa and Asia (see
www.bridgeinternationalacademies.com). Despite the spread of
this approach, it remains a topic of discussion in sub-Saharan
Africa as in the U.S. (Ravitch, 2015). To our knowledge, to date,
no studies have examined the impact of structured teachers’
guides over and above the impact of other program components,
an issue which we address below.

Understanding which academic subjects are most sensitive to
interventions is an important part of understanding the essential
ingredients to improve learning outcomes. Western-based
research on in-service teacher professional development suggests
that mathematics is somewhat more sensitive to initial interven-
tions than literacy (Angrist & Lavy, 2001; Bressoux, 1996;
Bressoux, Kramarz, & Prost, 2006). However, in previous studies
in Kenya, literacy programs had larger effects (Piper, Ralaingita,
Akach, & King, 2016) or had small literacy effects and no numeracy
effects on learning (Ngware et al., 2015). The comparison is not as
simple as looking across subjects, as some evidence suggests that
there is significant within-subject variance as well. For example,
particular areas of literacy such as letter sounds are more rapidly
improved than is reading comprehension (Jukes et al., 2017), and
procedural components of mathematics have different impacts
than do conceptual mathematics skills (Donovan & Bransford,
2005; National Council of Teachers of Mathematics [NCTM],
2014; Piper, Ralaingita et al., 2016). PRIMR showed a larger effect
on literacy, but given the later start of the numeracy portion of
the PRIMR program, it is unclear whether the divergence was
due to the delay or to the program itself (Piper & Kwayumba,
2014). Therefore, there remains a gap in the literature as to
whether instructional interventions in literacy or numeracy will
have larger effects.

2.2. The Kenyan context

In 2010, Kenya’s educational spending was 6.7% of its gross
national product and 23.7% of government expenditures, both fig-
ures higher than average for sub-Saharan Africa (United Nations
Educational, Scientific and Cultural Organization [UNESCO],
2015). However, the majority of this funding went to teacher
salaries, with little left over for in-service teacher professional
development and instructional support. Kenya provides a per
student capitation grant to cover textbooks and other instructional
materials, yet studies have found limited access to learning
materials across Kenya (UNESCO, 2016). Even though schools
receive approximately US$7 per child per year to provide these
materials, the average student–textbook ratio was 3:1 across rural
and peri-urban locations (Piper & Mugenda, 2012), a modest
improvement from earlier figures (Onsomu, Nzomo, & Obiero,
2005). Additionally, the government’s Kiswahili and English
textbooks were designed with text that was difficult for children
in lower grades to decode. The thematic approach of the syllabuses
on which the books were based demanded the books include
words with phonetic arrangements difficult for children learning
to read in English.

Over 80% of teachers in 72 Kenyan schools reported that they
had not received any kind of in-service professional development
in the previous year and a half (Ngware, Oketch, & Mutisya,
2014). Government-funded instructional coaches1 for public school
teachers have been in employment for many years, but their admin-
istrative roles have gradually expanded, leaving little room for direct
teacher coaching and support. Consequently, teaching and learning
using professional formative evaluation of teachers has been largely
nonexistent in Kenya, although research suggests that instructional
improvement depends on collaboration between teachers, and on
their engagement in the identification of in-service needs
(Wanzare & Ward, 2000).

Despite greater attention to quality in recent years by the gov-
ernment and international donors, outcomes remain poor. In a
recent study, less than 5% of first- and second-grade children met
government literacy benchmarks (Piper & Mugenda, 2012), and
Kenyan primary school learners struggled with both procedural
tasks, such as basic addition and subtraction; and more complex
conceptual tasks, such as word problems and number sense activ-
ities (Reubens, 2009). Classroom observations revealed that pupils
spent significant portions of classroom time practicing basic facts,
yet results showed very low outcomes on accuracy and fluency of
those basic facts (Piper, King, & Mugenda, 2016).

The Kenyan Ministry of Education designed PRIMR as a pilot
program to address the gaps in teacher professional development
and materials provision, with the goal of producing improved
student outcomes in grades 1 and 2 in literacy and numeracy. A
randomized controlled trial evaluation approach showed that the
T
(T
O
(2
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program had an impact on children’s literacy and numeracy out-
comes, increasing the percentages of children meeting government
benchmarks for oral reading fluency in Kiswahili and English and
improving students’ conceptual and procedural numeracy (Piper,
Ralaingita et al., 2016; Piper et al., 2014). As a result, nationwide
rollout of the approach began in 2015 and 2016 in two separate
programs. The literacy program, called Tusome (‘‘Let’s Read” in
Kiswahili), will reach more than five million first, second, and
third-grade students; 100,000 teachers and head teachers; and
more than 1200 public school Curriculum Support Officers (CSOs)
and private school instructional coaches by 2018. While the PRIMR
program evaluations cited above showed that the combination of
teacher professional development, materials provision, and struc-
tured teachers’ guides had been effective as a whole, further refine-
ment would be needed to push more children past the benchmarks
for literacy and numeracy. In order to improve the program, the
MoE decided that it was necessary to understand what drove the
observed results. This interest in understanding how specific pro-
gram ingredients affect learning outcomes led to the research
questions discussed below.
2.3. Research questions

While the studies reviewed above suggested that teacher pro-
fessional development, student books, and structured teachers’
guides may all be components of successful literacy and interven-
tions in low-resource settings, it is unclear whether all three are
required. In severely resource-constrained settings, policy makers
need more detailed evidence as to which parts of the program
are most strongly driving student outcomes. While the ‘‘full”
PRIMR treatment (described below) improved students’ literacy
and numeracy outcomes (Piper et al., 2014), the cost savings that
would result from focusing only on the most effective components
could lead to faster rollout nationwide as well as improved long-
term sustainability. Therefore, in this study, we address the follow-
ing questions:

RQ1: What is the causal effect of teacher professional develop-
ment and coaching, revised pupil books at a 1:1 ratio, and struc-
tured teachers’ guides on student achievement in English,
Kiswahili, and mathematics?

RQ2: Do three different combinations of the ingredients have
different impacts on student achievement in English, Kiswahili,
and mathematics?
3. Methodology

Kenya has been the site of many RCTs in the education sector.
For example, several researchers, including those associated with
the Massachusetts Institute of Technology’s Poverty Action Lab,
have undertaken many studies on the impact of various instruc-
tional improvement strategies. These included additional
classroom books (Glewwe et al., 2009), contract teachers
(Duflo, Dupas, & Kremer, 2015), student tracking (Duflo, Dupas,
& Kremer, 2011), and after-school tutoring (Duflo & Kiessel,
2012). Other studies have analyzed the effect of older pupils
reading to younger pupils outside of classroom time (Jasti,
Jukes, Dubeck, Elliott, & Inyega, 2016; Jukes et al., 2016) and
the effectiveness of lesson plans and SMS messages (Jukes
et al., 2017). Another study showed that implementation of a
set of Reading to Learn intervention packages had no effect on
written literacy or numeracy in Coastal Kenya, and only a small
effect (0.08 SD) on oral literacy (Lucas, McEwan, Ngware, &
Oketch, 2014).

The section that follows describes the methodologies of the
PRIMR RCT study that served as the foundation for this article.
3.1. The PRIMR intervention

The PRIMR pilot involved 847 government schools in rural
zones in Bungoma and Machakos counties. It was designed such
that three treatment groups of the PRIMR program could be com-
pared to a control condition. The most basic treatment involved
only teacher professional development and instructional sup-
port—10 days per year of professional development for teachers,
15 days of professional development for Curriculum Support Offi-
cers, and ongoing teacher coaching by the CSOs using observation
and feedback tools. The teachers were trained and supported to
more effectively use the existing instructional materials in their
classrooms. The second version of PRIMR included the same num-
ber of days of teacher and CSO professional development, plus 150-
page student textbooks for first- and second-grade Kiswahili, Eng-
lish, and mathematics, provided at a 1:1 ratio (the PRIMR books
and teachers’ guides can be found by using the search term
‘‘PRIMR” in the United States Agency for International Develop-
ment’s [USAID’s] Development Experience Clearinghouse database,
https://dec.usaid.gov/dec/content/search.aspx). Teachers in this
second version of PRIMR were encouraged to develop their own
lesson plans that incorporated the revised student textbooks. The
third version of PRIMR included teacher professional development,
instructional support, and revised textbooks, and added teachers’
guides, which included 150 days of partially scripted lessons,
matched to the revised pupil textbooks.

Each treatment arm therefore increased in intensity over the
preceding one, and comparing the impact of the three treatment
arms made it possible to test whether the increased costs for
professional development and coaching support, student text-
books, and teachers’ guides had additive effects on student
learning. This study design was intended to test the PRIMR pilot
program interventions at a medium scale under real-world con-
ditions, through the government structures and using govern-
ment employees for support and professional development.
This is an important characteristic of the three treatment groups,
as they were designed to utilize existing structures so that if any
of the treatments showed positive effects, they were more likely
to be scaled at a national level—as in fact did occur later under
Tusome and the Primary Education Development (PRIEDE)
numeracy program.

The PRIMR research showed the effectiveness of the full pack-
age of instructional components on numeracy (Piper, Ralaingita
et al., 2016), on literacy (Piper et al., 2014), and in mother tongue
(Piper, Zuilkowski, & Ong’ele, 2016); using ICT interventions
(Piper, Zuilkowski, Kwayumba, & Strigel, 2016); depending on
instructional coaching (Piper & Zuilkowski, 2015); and, particu-
larly, for the poor (Piper, Jepkemei, & Kibukho, 2015). For further
detail on the design of the PRIMR program, see Piper et al. (2014).

This study, funded by the British Department for International
Development (DFID) in Kenya, used the same treatment methodol-
ogy as other studies on PRIMR that were funded by USAID/Kenya,
but went beyond the previous PRIMR research to investigate the
specific contributions of particular intervention components. The
study was conducted in government schools, in Bungoma and
Machakos counties in Kenya, both of which are primarily rural
and did not participate in the initial USAID PRIMR pilot. Bungoma
is a largely agricultural county, with many families producing
sugar cane and maize. Its location on the border with Uganda also
results in significant trade activity and cross-border migration. The
Bukusu are the largest ethnic group in Bungoma. In Machakos,
which is approximately 35 miles southeast of the capital, Nairobi,
millet, sorghum, and maize are the main agricultural products. The
Kamba ethnic group predominates in Machakos. In Bungoma, 420
government primary schools participated in the overall PRIMR
study, and 414 in Machakos.

https://dec.usaid.gov/dec/content/search.aspx
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3.2. Sample and procedures

The impact evaluation of PRIMR used a three-stage stratified
cluster design. Twenty-two school zones each within Bungoma
and Machakos counties (i.e., 44 zones out of 72 total zones) were
randomly selected and assigned to one of the three treatment
groups or the control group. Sampling was done at the zone level
because the government’s Curriculum Support Officers are
assigned to support whole zones of typically 12 to 20 schools,
and the CSOs constituted the base of the instructional support sys-
tem. Through a stepped implementation process, all of the zones—
treatment and control—were receiving the full PRIMR intervention
by 2015. With respect to the complex survey design, the zones
were clusters of schools.

The baseline assessment for the DFID PRIMR study sampled
between 4 and 10 schools randomly from each of the 44 selected
zones for a total of 171 randomly selected schools. The final sam-
pling stage was selection of students within schools; students were
stratified by grade and gender and five students per strata were
randomly selected for each school. If less than five students were
available, they were all selected. A total of 3309 grade 1 and 2 stu-
dents were assessed in the March 2013 baseline study. Assess-
ments were completed by a trained team of local assessors who
had been conducting literacy and numeracy assessments with
the same types of instruments (see below for further information)
since 2007. Interrater reliability tests during training showed very
high average rates of reliability—98.0% for mathematics, 95.5% for
English, and 95.0% for Kiswahili. The three treatment groups
received the DFID PRIMR program intervention between May
2013 and October 2014. Endline data were collected from 230 ran-
domly selected schools (4566 students) in October 2014. The final
analyses presented here include the rural zones in the research
design, removing the two peri-urban zones in the two counties.

3.3. Measures

The measures used in these analyses were drawn from the
results of two instruments administered one-on-one to pupils—
the Early Grade Reading Assessment, or EGRA (Gove &
Wetterberg, 2011) and the Early Grade Mathematics Assessment,
or EGMA (Platas, Ketterlin-Gellar, Brombacher, & Sitabkhan,
2014)—adapted locally. All assessments were piloted prior to use.
Table 1
Measure descriptions for English, Kiswahili, and mathematics.

Instrument Subcomponent Description

English Letter fluency Letters read correctly per minute
Nonword fluency Nonsense words read correctly per minute
Oral reading fluency Connected text words read correctly per m
Reading comprehension Percentage of comprehension questions co
% at benchmark Percentage of pupils reaching the 30 corre

words per minute (cwpm) fluency benchm
Kiswahili Letter fluency Letters read correctly per minute

Nonword fluency Nonsense words read correctly per minute
Oral reading fluency Connected-text words read correctly per m
Reading comprehension Percentage of comprehension questions co
Listening
comprehension

Percentage of oral listening comprehensio

% at benchmark Percentage of pupils reaching the 17 cwpm
Mathematics Number identification Numbers correctly identified

Quantity discrimination Determining which of two numbers is larg
Missing number Determining what is the missing number
Word problems Correct word problems response
Addition fluency Addition problems answered correctly per
Subtraction fluency Subtraction problems answered correctly
At baseline (March 2013) and endline (October 2014), the EGRA,
administered in English and Kiswahili, included measures of letter
sound fluency, decoding fluency (nonwords), oral reading fluency,
reading comprehension, and the proportion of children at the MoE
benchmark; listening comprehension was tested in Kiswahili only
(RTI International, 2015). The subcomponent and measure descrip-
tions for English, Kiswahili, and mathematics can be found in
Table 1 below. The literacy assessments were equated across the
data collection points (Albano & Rodriguez, 2012). In the English
assessment, the Cronbach’s alphas averaged 0.90. The reliabilities
were similar for Kiswahili, with an average of 0.92 and a range
from 0.89 (nonword fluency and oral reading fluency) to 0.94
(listening comprehension). In the analyses presented in this paper,
we use the average effect size in standard deviations across
the instrument subcomponents for each language to present the
overall effect of PRIMR on literacy in English and Kiswahili.

The EGMA tool measured both conceptual and procedural
numeracy, as described in Table 1. Specific areas included number
identification, quantity discrimination, missing number patterns,
word problems, addition fluency, and subtraction fluency. The
overall Cronbach’s alpha for the mathematics assessment was
0.90, with all subtasks having alphas of 0.89 or 0.90. As with liter-
acy, we averaged the effect sizes in standard deviations across the
six subcomponents of the numeracy instrument to obtain an over-
all measure of numeracy.

3.4. Data analysis

In other USAID-funded PRIMR studies in literacy and numeracy
(Piper, Ralaingita et al., 2016; Piper, Zuilkowski, Kwayumba, et al.,
2016), differences-in-differences (DID) analytic methods were
used to account for the fact that, while random selection and
assignment were utilized in assigning zones to treatment, baseline
equivalence among the various treatment and control groups was
not always achieved on the key outcomes. In order to determine
which identification strategy was required in this study, we com-
pared student assessment results at the baseline. Table 2 below
shows the results by task and for pupils in the control and three
treatment groups. The results show some statistically significant
differences at baseline between some of the treatment groups.
For example, in grade 1, the PD, books, and teachers’ guides
treatment group performed worse than the control group in oral
Timed/
untimed

Measure

Timed (1 min) Correct letters per minute
Timed (1 min) Correct words per minute

inute Timed (1 min) Correct words per minute
rrect Untimed Percentage correct
ct
ark

Untimed Percentage reaching benchmark

Timed (1 min) Correct letters per minute
Timed (1 min) Correct words per minute

inute Timed (1 min) Correct words per minute
rrect Untimed Percentage correct
n questions correct Untimed Percentage correct

fluency benchmark Untimed Percentage reaching benchmark
Timed Correct numbers per minute

er Untimed Percentage correct
from a pattern Untimed Percentage correct

Untimed Percentage correct
minute Timed (1 min) Correct addition problems per minute

per minute Timed (1 min) Correct subtraction problems per
minute



Table 2
Baseline descriptive statistics by treatment group, with statistical significance tests for baseline equivalence for the three treatment groups relative to the control group. Standard
errors in parentheses.

Grade 1 Grade 2

Instrument Subcomponent Control PD and
coaching

PD and
books

PD, books, and
teachers’ guides

Control PD and
coaching

PD and
books

PD, books, and
teachers’ guides

English Letter fluency 2.0 (0.7) 5.2 (2.1) 1.6 (0.4) 1.7 (0.5) 3.2 (0.4) 10.5* (2.9) 3.1 (0.9) 3.5 (0.9)
Nonword fluency 0.6 (0.2) 1.9 (1.2) 0.4 (0.1) 0.4 (0.2) 4.4 (1.4) 11.7� (3.7) 4.1 (1.1) 4.0 (0.4)
Oral reading fluency 0.5 (0.1) 1.7 (1.2) 0.4 (0.1) 0.2** (0.0) 5.2 (1.7) 15.3� (5.4) 4.9 (1.5) 3.9 (1.0)
Reading comprehension 0.1 (0.1) 0.6 (0.5) 0.0 (0.0) 0.0 (0.0) 1.9 (0.5) 6.0 (2.5) 1.3 (0.4) 1.2 (0.4)
% at benchmark 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 5.1 (2.2) 20.4 (8.7) 7.4 (2.8) 3.2 (1.4)

Kiswahili Letter fluency 2.6 (0.9) 7.0 (2.9) 3.0 (0.7) 3.5 (0.6) 6.7 (0.9) 14.0* (2.9) 6.7 (2.1) 7.4 (0.7)
Nonword fluency 0.3 (0.1) 1.5 (1.0) 0.2 (0.1) 0.2 (0.1) 3.6 (1.2) 10.1� (3.4) 2.6 (0.8) 3.2 (0.4)
Oral reading fluency 0.6 (0.2) 2.8� (0.2) 0.8 (0.2) 0.6 (0.2) 6.0 (1.2) 15.2� (0.3) 5.6 (0.2) 5.0 (2.0)
Reading comprehension 0.3 (0.2) 2.3 (1.6) 0.2 (0.2) 0.5 (0.3) 3.7 (1.1) 16.2� (6.9) 3.8 (1.3) 3.2 (0.5)
Listening comprehension 7.4 (1.1) 20.3 (8.2) 7.9 (2.5) 10.6 (5.8) 18.6 (2.6) 36.1� (8.0) 16.2 (0.7) 17.2 (6.4)
% at benchmark 0.8 (0.3) 6.6� (3.2) 1.1 (0.7) 0.0* (0.0) 17.6 (6.1) 39.2 (11.3) 13.2 (3.7) 13.2 (2.9)

Math Number identification 4.7 (0.4) 6.9 (1.5) 4.7 (0.3) 4.6 (0.6) 12.3 (0.9) 16.5 (2.4) 11.8 (0.4) 12.2 (0.6)
Quantity comparison 14.5 (2.0) 19.8 (4.9) 13.3 (1.1) 12.4 (1.8) 37.3 (3.5) 50.1� (6.2) 35.1 (1.6) 36.8 (3.4)
Missing number 10.3 (1.2) 12.9 (2.1) 9.4 (0.3) 10.8 (1.1) 21.1 (1.4) 26.5 (3.3) 19.8 (0.9) 21.2 (1.7)
Word problems 9.1 (2.1) 12.0 (2.4) 6.5 (0.6) 6.7 (1.2) 19.6 (2.3) 25.1� (1.8) 18.9 (2.0) 19.1 (3.4)
Addition fluency 2.8 (0.4) 3.8 (0.7) 2.3 (0.2) 2.4 (0.3) 6.8 (0.6) 8.4* (0.4) 6.8 (0.1) 6.3 (0.4)
Subtraction fluency 1.6 (0.3) 2.1 (0.4) 1.1 (0.2) 0.9� (0.1) 4.2 (0.6) 5.8* (0.5) 4.0 (0.2) 3.8 (0.4)

�p < .10, *p < .05, **p < .01, ***p < .001.
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reading fluency (p < .05) and the percentage of children reading at
the benchmark (p < .05). For grade 2, the PD and coaching group
outperformed the control group in English letter fluency (p < .05),
Kiswahili letter fluency (p < .05), addition fluency (p < .05), and
subtraction fluency (p < .05). Given the handful of statistically sig-
nificant differences at baseline, particularly where the professional
development-only treatment group outperformed the control
group in grade 2, we decided to fit a differences-in-differences
model. In Table 3, we present the key baseline covariates at the
baseline and endline for the DFID PRIMR study.

We utilized the differences-in-differences identification strat-
egy to identify causal effects. The DID model differentiated among
four sets of children, separating those children into randomly
assigned treatment and control schools and by the assessment
time, either the baseline in March 2013 or endline in October
2014. The models then separately compared each of the three
treatment groups against the control. Given that previous results
from DFID PRIMR showed that including control variables made
little difference in the overall PRIMR impact estimates (Piper,
Ralaingita et al., 2016; Piper, Zuilkowski, & Ong’ele, 2016), we used
a parsimonious model to estimate the effect of PRIMR using the svy
commands in Stata. Sampling weights were applied to estimates
and standard errors were adjusted to account for the three-stage
stratified cluster sample design.

PRIMR used a difference-in-difference method where the out-
comes are measured for the control and treatment groups across
time points. We used notation of treatment group i and time t
Table 3
Student covariates at baseline and differences by covariate at endline, by treatment group

Covariate Control PD and c

Baseline Endline Baseline

Student female (%) 48.0 (1.3) 51.9� (1.3) 48.7 (0.7
Student age (years) 7.5 (0.2) 7.9* (0.2) 7.4 (0.5)
Student wealth index 2.5 (0.2) 2.8* (0.2) 3.0 (0.5)
Attended kindergarten or preschool (%) 88.5 (3.5) 79.3 (5.6) 91.5 (1.6
Student absent more than a week 34.7 (3.1) 43.7 (4.2) 43.5 (4.1
Had English book (%) 43.8 (5.3) 52.6 (10.8) 40.6 (5.0
Had Kiswahili book (%) 40.3 (4.6) 46.6 (7.2) 39.2 (5.7

�p < .10, *p < .05, **p < .01, ***p < .001.
This table presents the baseline covariates for each treatment group and the endline estim
baseline and endline estimates within each treatment.
for a cross-sectional analysis, where t ¼ 0 and t ¼ 1 denote the
baseline and endline time periods, respectively, and i ¼ 0 and
i ¼ 1 represent the control and treatment groups, respectively.
Note that t ¼ 0 is prior to the intervention.

Yit ¼ b0 þ b1Treati þ b2Postt þ b3ðTreat � PostÞit þ eit;

where each unit is denoted as follows:
Yit is the outcome,
Treatment is a dummy when the observation is in the treatment
group,
Post is a post-treatment dummy variable, and
e is random unobserved error.

The coefficient of interest, b3, is the product of the interaction
term Treat � Post: It is equivalent to a dummy variable equal to 1
for children in the treatment group during the follow-up data
collection. The difference-in-differences estimate is:

�b4 ¼ ð�y1;1 � �y1;0Þ � ð�y0;1 � �y0;0Þ:
The treatment effect for the cross-sectional analysis is the

difference-in-difference mean. The effect size measures the magni-
tude or strength of the treatment effect. The effect size used for the
PRIMR study was Cohen’s d (Cohen, 1988), which is the difference-
in-difference divided by the pooled standard deviation, thus:

d ¼ ð�y1;1 � �y1;0Þ � ð�y0;1 � �y0;0Þ
s

(standard errors in parentheses).

oaching PD, coaching, and books PD, coaching, books, and
teachers’ guides

Endline Baseline Endline Baseline Endline

) 48.7 (1.3) 50.6 (1.3) 49.6 (0.8) 47.7 (0.5) 48.1 (0.8)
7.9** (0.4) 7.6 (0.1) 8.0 (0.2) 7.4 (0.1) 7.8 (0.1)
3.0 (0.4) 2.9 (0.1) 3.1 (0.1) 2.9 (0.1) 3.0 (0.1)

) 92.8 (3.7) 92.2 (2.3) 94.9 (1.2) 92.8 (3.0) 89.6 (3.4)
) 41.5 (2.7) 34.4 (4.9) 41.5 (8.3) 45.5 (7.2) 44.7 (4.2)
) 66.6 (17.8) 40.3 (4.0) 78.7* (5.3) 48.1 (8.1) 75.1 (5.7)
) 68.6 (18.7) 37.6 (4.6) 81.9* (5.3) 49.7 (10.1) 73.8 (4.0)

ates within each treatment group, and statistical significance comparisons between
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4. Findings

4.1. RQ1 – What is the causal effect of teacher professional
development and coaching, revised pupil books at a 1:1 ratio, and
structured teachers’ guides on student achievement in English,
Kiswahili, and mathematics?

In order to answer our first research question, we fit
differences-in-differences models to estimate the effect of each of
the three treatment groups on learning outcomes in English, Kis-
wahili, and mathematics. The results are presented in Table 4,
where we show the DID estimate with the standard errors in
parentheses. The second column in each pair presents the Cohen’s
d effect size for each estimate.

The results for the professional development and coaching
program, the first treatment group, are presented in the left-hand
panel for grade 1, and in the right-hand panel for grade 2. The rows
present the English results first, then the Kiswahili results, and
finally the bottom of the table presents the mathematics results.
The PD and coaching program for grade 1 showed no more impacts
on learning outcomes than would be expected by chance. There
were statistically significant effects for English letter fluency at
the 0.10 level, increasing results by 7.1 correct letters per minute
(clpm) (p < .10); and the percentage of students meeting the
English benchmark by 9.2 percentage points (p < .05). It had no
impacts on Kiswahili or mathematics. In grade 2, the PD and
coaching program increased English letter fluency by 13.9 clpm
(p < .05), English reading comprehension by 6.9 percentage points
(p < .10), Kiswahili letter fluency by 11.2 clpm (p < .10), and word
problems by 8.5% at the .10 level. In short, the PD and coaching
program improved only 2 of 34 assessment outcomes at the .05
level across the two grades, or no more than would be expected
by chance.

For the PD, coaching, and books treatment group in grade 1, the
second treatment group, there were statistically significant effects
on English, increasing letter fluency by 12.1 correct letters per
minute (clpm) at the .10 level; and increasing the percentage of
children reading at the benchmark by 9.0 percentage points (p < .05).
For Kiswahili in grade 1, the PD, coaching, and books treatment
group also increased listening comprehension by 8.4 percentage
points (p < .05). There was no effect for mathematics outcomes.
In grade 2, the PD, coaching, and books treatment increased English
letter fluency by 20.5 clpm (p < .05), nonword fluency by 7.0 cwpm
at the 0.10 level, and oral reading fluency by 10.5 correct words per
minute (cwpm) at the 0.10 level. The PD, coaching, and books
treatment increased Kiswahili outcomes in letter sound fluency
by 19.9 clpm (p < .01), reading comprehension by 8.5 percentage
points (p < .01), listening comprehension by 13.2 percentage points
(p < .05), and the percentage of children at the benchmark by 21.0
percentage points (p < .05). Statistically significant effects were
identified only for number identification, by 3.5 correct numbers
per minute (p < .05); and missing number, by 11.3 percentage
points (p < .01). In total, across both languages and mathematics,
PD, coaching, and books increased 7 of the 34 assessment out-
comes in grades 1 and 2 at the .05 level.

Finally, the PD, coaching, books, and teachers’ guide treatment
group increased outcomes at the .05 level on 9 of 17 of the grade
1 measures and 13 of 17 grade 2 measures, for a total of 22 of
the 34 measures. Many of the effect sizes for the PD, coaching,
books, and teachers’ guides treatment were quite large, especially
for letter fluency in both English (1.71 SD in grade 1 and 2.15 SD in
grade 2) and Kiswahili (1.42 SD in grade 1 and 1.82 SD in grade 2).

A critical literacy measure is the percentage of children reading
at least at the MoE benchmark for fluency. The PD and coaching
group increased the grade 1 English percentage by 9.2 percentage
points (p = .05), but had no effect on the grade 2 English
percentage, the grade 1 Kiswahili percentage, or the grade 2
Kiswahili percentage. For comparison, the PD, coaching, and books
treatment group increased the percentage of children reaching at
the benchmark in grade 1 English by 9.0 percentage points
(p < .05), had no effect on the percentage at benchmark in grade 1
Kiswahili or grade 2 English, and increased the grade 2 Kiswahili
percentage by 21.0 percentage points (p < .05). Finally, the PD,
coaching, books, and teachers’ guide treatment group had the
largest effect of all of the groups. This treatment group increased
the percentage of children at the benchmark by 11.2 percentage
points in English grade 1 (p < .05), 39.6 percentage points in English
grade 2 (p < .01), 12.7 percentage points in Kiswahili grade 1
(p < .10), and 39.5 percentage points in Kiswahili grade 2 (p < .01).

While there is debate regarding the correct benchmarks for
effect sizes, Cohen (1988) recommended considering 0.2, 0.5, and
0.8 SD as small, medium, and large effects, respectively. Utilizing
Cohen’s guidance, the DFID PRIMR treatment groups had signifi-
cant effects on learning outcomes. The PD, coaching, books, and
teachers’ guides treatment group had large average effect sizes in
grade 1 English (0.93 SD), grade 2 English (1.29 SD) and grade 2
Kiswahili (1.11 SD), and medium effects on grade 1 Kiswahili
(0.73 SD) and grade 2 mathematics (0.56 SD). A small average
effect was found for grade 1 mathematics (0.38 SD). The PD,
coaching, and books treatment group did not have any large effect
sizes, but showed medium effects on grade 1 English (0.56 SD),
grade 2 Kiswahili (0.58 SD), and grade 2 English (0.71 SD). Small
effects were found for grade 1 Kiswahili (0.34 SD) and grade 2
mathematics (0.32 SD), with grade 1 mathematics showing a
negligible effect (0.13 SD). There were no subjects that had
medium or large effects for the PD and coaching group; PD and
coaching had a small effect on grade 1 English (0.42 SD) and grade
2 English (0.30 SD). Negligible effects for the PD and coaching
treatment group were found for grades 1 and 2 in both mathematics
and Kiswahili. Averaging the effect sizes across grades and
subjects, we found that the average effect size for the PD, coaching,
books, and teachers’ guide group was 0.83 SD; PD, coaching, and
books was 0.44 SD; and PD and coaching was 0.20 SD.

The magnitude of the effect sizes from this study are notewor-
thy. Conn (2017) noted that the average effect size of the highest-
quality pedagogical interventions in her meta-analysis was 0.23
SD, and the average effect size of the RCTs (without outliers) was
0.57 SD with a standard error of 0.19. The effect size of the PRIMR
PD, coaching, books, and teachers’ guide group (0.83 SD) would
therefore be on the upper end of Conn’s 15 pedagogical interven-
tions assessed, and the PD, coaching and books treatment group
would be below the average effect. In comparison to the McEwan
(2013) meta-analysis, the PD, coaching, books, and teachers’ guide
group had some of the largest impacts of any identified in
the paper, whether in the instructional materials treatment
group (mean = 0.08 SD), the computers and technology group
(mean = 0.15 SD), or the treatments with teacher training group
(mean = 0.12 SD). Among the treatment arms with comparable
cost-effectiveness data, the impact of the PD, coaching, books,
and teachers’ guide group was larger than in any other study in
McEwan (2013). Of particular interest is the much larger effect size
in the third treatment group, which differed from the second treat-
ment group only by the inclusion of teachers’ guides.

4.2. RQ2 – Do three different combinations of the ingredients have
different impacts on student achievement in English, Kiswahili, and
mathematics?

In order to answer this research question, we compared the
effects of the three treatment groups among each other and have
presented the analysis in Table 5. It offers differences-in-
differences results comparing the effects of the three treatment



Table 4
Differences in differences effects of three PRIMR treatment groups on student outcomes (standard errors in parentheses) and Cohen’s d effect sizes.

Grade 1 Grade 2

PD and coaching PD, coaching, and books PD, coaching, books,
and teachers’ guides

PD and coaching PD, coaching, and books PD, coaching, books,
and teachers’ guides

Instrument Subcomponent Effects Effect size Effects Effect size Effects Effect size Effects Effect size Effects Effect size Effects Effect size

English Letter fluency 7.1� (3.8) 0.57 12.1� (6.1) 1.02 19.2** (5.3) 1.71 13.9* (4.8) 0.87 20.5* (8.5) 1.37 30.2*** (5.1) 2.15
Nonword fluency 2.4 (1.8) 0.33 2.1 (2.3) 0.34 5.0* (1.9) 0.78 1.1 (3.8) 0.08 7.0� (3.4) 0.59 11.4** (3.2) 0.99
Oral reading fluency 2.3 (2.2) 0.27 3.4 (3.5) 0.41 7.6* (2.6) 0.86 0.5 (5.4) 0.02 10.5� (5.6) 0.56 22.5** (6.5) 1.21
Reading comprehension 1.7 (1.0) 0.27 3.4 (2.3) 0.47 5.1*** (1.2) 0.65 6.9� (3.8) 0.41 8.2 (4.7) 0.52 15.2* (5.0) 0.91
% at benchmark 9.2* (1.9) 0.54 9.0* (14.8) 0.55 11.2* (2.4) 0.65 3.5 (9.4) 0.09 17.1 (10.0) 0.50 39.6** (9.9) 1.21
Average effect size 0.42 0.56 0.93 0.30 0.71 1.29

Kiswahili Letter fluency 2.5 (4.8) 0.19 9.1 (5.2) 0.77 15.8* (5.0) 1.42 11.2� (6.1) 0.65 19.9** (6.2) 1.27 29.2*** (5.7) 1.82
Nonword fluency 0.8 (1.7) 0.13 0.5 (1.7) 0.10 2.2 (1.8) 0.42 �3.1 (4.2) �0.25 3.0 (2.7) 0.28 10.0* (3.4) 0.90
Oral reading fluency �0.7 (2.0) �0.10 0.8 (2.4) 0.13 4.0 (2.4) 0.58 �3.7 (5.0) �0.24 5.6 (3.2) 0.40 14.8** (3.8) 1.05
Reading comprehension �0.3 (2.3) �0.04 2.5 (1.7) 0.39 6.5* (2.3) 0.77 �2.3 (6.4) �0.11 8.5** (2.7) 0.50 20.3*** (3.9) 1.14
Listening comprehension 0.2 (8.2) 0.01 8.4* (3.3) 0.43 12.6* (4.2) 0.61 �1.4 (6.1) �0.05 13.2* (2.7) 0.54 20.0** (6.0) 0.80
% at benchmark �0.9 (5.6) �0.04 4.3 (7.1) 0.21 12.7� (6.6) 0.58 �6.4 (5.6) �0.14 21.0* (7.1) 0.51 39.5** (6.6) 0.97
Average effect size 0.03 0.34 0.73 0.16 0.58 1.11

Math Number identification �0.5 (1.6) �0.08 1.3 (1.5) 0.25 4.1*** (1.0) 0.76 1.4 (1.5) 0.16 3.5* (1.3) 0.46 6.5*** (1.5) 0.82
Quantity discrimination 3.9 (8.0) 0.19 3.1 (4.8) 0.17 8.9� (4.2) 0.48 4.3 (8.9) 0.15 8.6 (5.9) 0.32 13.9� (7.2) 0.51
Missing number 3.8 (4.6) 0.33 1.1 (1.6) 0.11 3.3 (2.2) 0.32 4.4 (5.0) 0.26 11.3** (3.7) 0.70 18.1** (5.4) 1.07
Word problems 7.0 (6.8) 0.34 3.8 (0.0) 0.21 0.8 (3.2) 0.04 8.5� (4.6) 0.34 5.5 (5.1) 0.23 3.8 (5.6) 0.16
Addition fluency �0.3 (0.8) �0.07 0.1 (0.6) 0.02 1.1� (0.6) 0.31 0.5 (0.8) 0.12 0.1 (0.9) 0.03 1.4 (0.8) 0.34
Subtraction fluency 0.0 (0.6) �0.01 0.1 (0.7) 0.03 1.0� (0.5) 0.33 �0.1 (0.9) �0.02 0.7 (1.1) 0.18 1.9 (1.0) 0.49
Average effect size 0.12 0.13 0.38 0.17 0.32 0.56

�p < .10; *p < .05; **p < .01; ***p < .001.
Parameter estimates from differences-in-differences models estimating the impact of PRIMR treatment groups in comparison with the control group. Standard errors correcting for the three-stage clustered design.
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Table 5
Differences-in-differences effects of comparisons between PRIMR treatment groups on student outcomes (standard errors in parentheses).

PD, coaching, and books vs.
PD and coaching

PD, coaching, books, and teachers’
guides vs. PD and books

PD, coaching, books, and teachers’
guides vs. PD and coaching

Instrument Subcomponent Grade 1 Grade 2 Grade 1 Grade 2 Grade 1 Grade 2

English Letter fluency 5.1 (6.6) 6.5 (9.4) 7.1 (7.6) 9.8 (9.6) 12.1� (5.9) 16.3* (6.5)
Nonword fluency �0.3 (2.5) 5.9 (4.2) 2.9 (2.6) 4.4 (3.7) 2.6 (2.2) 10.3* (4.1)
Oral reading fluency 1.1 (3.7) 10.0 (5.7) 4.1 (3.9) 12.1 (6.7) 5.3� (2.8) 22.0** (6.5)
Reading comprehension 1.7(2.1) 1.3 (4.7) 1.7 (2.2) 7.0 (5.7) 3.3** (0.9) 8.3 (5.0)
% at benchmark �0.2 (6.9) 13.6 (10.3) 2.1(7.5) 22.5� (10.7) 1.9 (5.7) 36.1** (10.1)

Kiswahili Letter fluency 6.7 (6.6) 8.7 (7.9) 6.7 (6.8) 9.3 (7.6) 13.4� (6.4) 18.0* (7.5)
Nonword fluency �0.3 (2.0) 6.1 (3.9) 1.7 (2.1) 7.0* (2.9) 1.5 (2.1) 13.1* (4.4)
Oral reading fluency 1.5 (2.8) 9.3 (5.0) 3.2 (3.1) 9.3* (3.8) 4.6 (2.8) 18.5** (5.4)
Reading comprehension 2.7 (2.8) 10.8 (6.1) 4.0 (2.8) 11.8** (3.4) 6.8� (3.1) 22.6** (6.7)
Listening comprehension 8.2 (8.2) 14.6� (6.9) 4.2 (4.2) 6.8 (6.9) 12.4 (8.6) 21.4* (7.6)
% at benchmark 5.2 (7.8) 27.4* (11.7) 8.4 (8.5) 18.5 (10.4) 13.6 (7.3) 45.9** (13.0)

Math Number identification 1.8 (1.9) 2.1 (1.5) 2.7 (1.5) 3.0� (1.5) 4.6* (1.5) 5.1* (1.7)
Quantity discrimination �0.7 (8.3) 4.3 (8.1) 5.7 (4.8) 5.4 (6.2) 5.0 (8.0) 9.7 (9.1)
Missing number �2.7 (4.5) 6.9 (3.9) 2.2 (1.8) 6.8 (4.5) �0.5 (4.7) 13.7* (5.6)
Word problems �3.1 (7.6) �3.0 (3.6) �3.0 (4.5) �1.7 (4.8) �6.2 (6.8) �4.7 (4.4)
Addition fluency 0.4 (0.8) �0.4 (0.7) 1.0 (0.6) 1.3 (0.8) 1.4 (0.8) 1.0 (0.6)
Subtraction fluency 0.1 (0.7) 0.8 (0.9) 0.9 (0.7) 1.2 (1.0) 1.0 (0.6) 2.0* (0.8)

�p < .10; *p < .05; **p < .01; ***p < .001.
The statistical significance tests compare the magnitude of the differences-in-differences effects of the three treatment groups. Statistical significance tests in the first two
columns identify differences in the magnitude of the impacts of the PD and coaching and the PD, coaching, and books treatment groups. Significance tests in the next two
columns identify differences in the magnitude of the impacts of the PD, coaching, and books treatment group and the PD, coaching, books, and teachers’ guides group. Finally,
significance tests in the final two columns identify differences in the magnitude of the impacts of the PD and coaching and the PD, coaching, books, and teachers’ guides
treatment groups.
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groups. Given that the discussion above examined whether the
effects of each treatment group were statistically significantly dif-
ferent from those of the control, this analysis fit regression models
comparing the treatment groups against each other. The first set of
results compares the PD and coaching group with the PD, coaching,
and books treatment group. Causal estimates from this comparison
would reveal whether providing revised textbooks in addition to
PD and coaching made a difference on learning. Results showed
one statistically significant effect at the .05 level and one other at
the .10 level, both of which favored the PD, coaching, and books
treatment group over the PD and coaching treatment group.

The next set of values compares the PD, coaching, and books
treatment group with the PD, coaching, books, and teachers’ guides
treatment group. This comparison examines the causal effect of
adding structured teachers’ guides to the textbooks and PD with
coaching. Two of the regressions showed statistically significant
effects at the .05 level, and two other comparisons had statistically
Fig. 1. Effect size comparisons by trea
significant effects at the .10 level. All of the significant effects
favored the PD, coaching, books, and teachers’ guides treatment
group over the PD, coaching, and books treatment group.

The final columns compare the PD and coaching treatment
group with the treatment group with PD, coaching, books, and
structured teachers’ guides. Nine of these regressions showed sta-
tistically significant effects at the .05 level and four others demon-
strated significant effects at the .10 level. All of the significant
effects favored the PD, coaching, books, and teachers’ guide treat-
ment group over the PD and coaching treatment group.

To examine the question of comparisons between the effects of
the various treatment groups in greater depth, we present Fig. 1.
This figure compares the average effect sizes of the three treatment
groups. The PD, coaching, books, and teachers’ guide treatment
group had the highest average effect size for all six groupings of
subject and grade. For each grouping, the PD, coaching and books
treatment group had the second highest effect size. Finally, for
tment group, subject, and grade.
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each grouping, the PD and coaching treatment group had the
smallest average effect size. Note that, as Table 5 shows, the indi-
vidual effects are not always statistically significant when com-
pared between the treatment groups.
5. Discussion

The differences-in-differences regression results showed that
two of the three treatment groups had statistically significant pos-
itive learning impacts, while the PD and coaching treatment group
had impacts no different from what would be experienced by
chance. This suggests that providing teachers with only profes-
sional development plus instructional support results in very mod-
est improvements. Letter sound fluency appeared to be the most
sensitive to such an approach, but the other subjects and measures
did not respond to this treatment. We conclude that instructional
support and teacher training alone were insufficient to improve
learning outcomes in the selected counties. Average effects for
the PD and coaching treatment group were negligible for Kiswahili
and mathematics for grades 1 and 2 (between 0.03 and 0.17 SD),
and small for English grade 1 (0.42 SD) and grade 2 (0.30 SD).

The PD, coaching and books treatment group differed from the
PD and coaching treatment group by the provision of new PRIMR-
developed books for every child in the classroom. In this treatment
group, teachers were given support and professional development
in how to develop lesson plans themselves that matched those
pupil books. The size of these improvements was small for mathe-
matics grades 1 and 2 (0.13 SD and 0.32 SD, respectively), medium
for Kiswahili for grades 1 and 2 (0.34 and 0.58 SD, respectively),
and medium for English grades 1 and 2 (0.56 and 0.71 SD, respec-
tively). It appears that having the combination of books for pupils,
teacher PD, and instructional support was sufficient to modestly
improve learning outcomes in all three subjects. These findings
align with those from a recent study of 26 programs in developing
countries which found that providing textbooks alongside teacher
training resulted in increases in student achievement scores of 0.36
standard deviations, on average (Popova, Evans, & Arancibia, 2016).

The PD, coaching, books, and teachers’ guides effects differed
from those of the PD, coaching, and books treatment group because
teachers were given structured teachers’ guides with daily lesson
plans that helped them teach using the provided pupil books.
The trainings focused on how the teachers could effectively imple-
ment the lessons utilizing the partially scripted approach in the
PRIMR teachers’ guides. Overall, the PD, coaching, books, and
teachers’ guides treatment group had the greatest impacts on
learning outcomes in the three subjects, and several effects were
large. Average effect sizes for this treatment group ranged from
0.38 to 0.56 for mathematics, which are moderate effects; and from
to 0.73 to 1.29 SD for English and Kiswahili, which are moderate to
large average effect sizes. These results show that adding teachers’
guides to the package of PD, instructional support, and pupil books
had a dramatic impact on learning outcomes across all three sub-
jects and in nearly all of the instrument subcomponents in the
study. Teachers’ guides made a significant difference to improving
learning outcomes across grades and subjects.

We interpret these findings to mean, in general, that providing
teachers with teacher training and instructional support alone has
very modest impacts on learning outcomes. Adding a redesigned
pupil book is essential, as it seems to have a much larger effect
on learning outcomes and instruction than PD and coaching
support alone. In many sub-Saharan African countries, it is the
book that drives instruction (Commeyras & Inyega, 2007; Dubeck
et al., 2012; Lee & Zuilkowski, 2015). Critically, we found the
largest gains when teachers’ guides with lesson plans were
added to the package. In other words, while teachers’ guides, and
so-called scripted lesson plans, are contentious and resisted by
many scholars and some teachers, the results in Kenya suggest that
they caused the largest differences in learning outcomes. They
appeared to work in tandem with revised books to help students
substantially improve their literacy and numeracy outcomes.

Recall that our first research question simply looked at whether
the three treatment groups had statistically significant effects on
learning outcomes as compared to control, whereas our second
research question examined whether the effects that were identi-
fied were different from each other, statistically. This analysis
was somewhat underpowered, given that all three treatment
groups had at least moderate effects on learning outcomes,
although some of the effects were statistically insignificant. How-
ever, there were some interesting statistically significant differ-
ences in learning outcomes between the treatment groups.

Learning outcomes in many developing countries, particularly
in early grade literacy and numeracy, are not sufficient to support
later learning. Could the problem be solved by simply training
teachers on current research-based pedagogical methods and pro-
viding them with instructional support? Our study suggests that
such an approach will have limited impact. Could the problem be
solved by improving the quality of books and providing them to
pupils? Our study found that textbooks are an important ingredi-
ent in improved instruction, and can have a moderate impact on
learning outcomes over and above PD and support. Could the prob-
lem be solved by adding teachers’ guides with lesson plans? We
found that adding these teachers’ guides to textbooks can have a
meaningful impact on learning, much more than adding textbooks
alone.

Policy makers need information on costs, and we analyzed the
marginal costs of each ingredient. The cost of teacher training
and coaching support was constant throughout the three treat-
ment groups, at US$5.63 per pupil for the three subjects. The PD,
coaching, and books training group added pupil books at a 1:1 ratio
in the three subjects delivered to the zonal training sites, at a fur-
ther cost of US$2.38 per pupil. Finally, the teachers’ guides added
only US$0.16 per pupil to the overall cost.

The cost-effectiveness results (see Fig. 2.) suggest that for every
additional US$100 spent on the PD and coaching training group, an
additional 1.9 students were able to read at or beyond the govern-
ment benchmark in English and 3.4 fewer students in Kiswahili. For
every additional US$100 spent on the PD, coaching, and books
treatment group, an additional 6.4 students were able to read at
benchmark in English and 7.9 students in Kiswahili. Finally, for
every US$100 spent on the PD, coaching, books, and teachers’ guide
treatment group, an additional 14.7 students were able to read at
the English benchmark and 14.7 students at the Kiswahili bench-
mark. These results show that adding pupil books to teacher pro-
fessional development and coaching created a major increase in
cost-effectiveness. Moreover, the minimal cost of the teachers’
guides as an ingredient resulted in a large increase in cost effec-
tiveness, more than double in English and nearly double in Kiswa-
hili. The teachers’ guides were a remarkably cost-effective
investment.
6. Conclusion

Globally, many countries are increasingly concerned about the
quality of education provided to early primary grade learners.
Faced with the increased awareness that learning outcomes are
poor, as demonstrated by assessments such as Uwezo’s annual
measures (see Uwezo., 2015, for an example) and by various
administrations of the EGRA (refer to examples in Gove &
Cvelich, 2011), many countries have increased emphasis on learn-
ing. Given the scale of the problem, policy makers seem to be



Fig. 2. Additional learners reading at MoE benchmark per US$100 spent, by treatment group.
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implementing various approaches to improving literacy, such as
providing teacher professional development (Kenya, Ethiopia,
Malawi, Rwanda, Uganda), increasing access to tablets (Kenya),
supplying textbooks at a ratio of one book per pupil (Kenya,
Rwanda, Uganda), providing teachers’ guides (Kenya, Ethiopia,
Malawi, Uganda), and supporting teachers with classroom supervi-
sion (Kenya, Malawi, and Uganda). Many of these interventions are
quite expensive, particularly supplying ongoing PD and providing
books at a 1:1 ratio. Others are less expensive monetarily but have
an opportunity cost, namely teacher coaching by government offi-
cers. Providing teachers’ guides with lesson plans is a less costly
option per pupil, but this practice is somewhat contested in the
region, given some resistance to scripted lesson plans.

Without evidence as to the relative effectiveness of all of these
ingredients to improved learning outcomes, countries are likely to
invest in ingredients that have little impact on learning, or leave
aside ingredients essential to improve outcomes in their context
because of the lack of supporting evidence. The DFID PRIMR study,
then, born of the desire of Kenyan policy makers to determine the
most effective and cost-effective ingredients for improved learn-
ing, could serve as a starting point for education policy makers in
other contexts. We encourage other countries with learning out-
come results similar to those of Kenya to consider the implications
of this research on the ingredients in the policies and interventions
that are designed to improve learning, and invest in student books
at a 1:1 ratio, but also to invest in the highly cost-effective
structured teachers’ guides to accompany those books.

Given our findings, we suggest that Kenya consider utilizing
student books at a 1:1 ratio and teachers’ guides for all three sub-
jects, as well as instructional support and PD, to increase learning
in early primary education. Encouragingly, Tusome, the national
scale-up of PRIMR, is utilizing the evidence from the USAID and
DFID PRIMR studies in its national implementation, as is the
PRIEDE program, the scale-up of the mathematics component.
Tusome and PRIEDE both use structured teachers’ guides and text-
books at a 1:1 ratio, alongside of PD and coaching. The external
impact evaluation of the Tusome program showed dramatic
improvements in learning outcomes at the national level
(Freudenberger & Davis, 2017), doubling or tripling the percentage
of learners meeting Kenyan literacy benchmarks. It is worth con-
sidering how much of that very large impact was due to the policy
decision by Kenyan education leaders to include structured teach-
ers’ guides in the program, even though there was some resistance
to teachers’ guides by some educationists in the sector.

Our study begins a strand of research focused on ingredients
analysis in the education sector in the developing world. While
government policy makers and educational researchers have pref-
erences for what ingredients are most likely to be effective, they
typically have limited evidence as to what works best. The DFID
PRIMR results showed significant effects for 1:1 books, and addi-
tional effects for teachers’ guides. The analysis suggests that a com-
bination of coaching, professional development, pupil books, and
teachers’ guides is remarkably cost effective. Further research
should investigate whether similar findings are found in other con-
texts and in either pre-primary education or later in the primary
education cycle.
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