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Improving Literacy Instruction in Kenya Through Teacher
Professional Development and Text Messages Support: A
Cluster Randomized Trial

Matthew C. H. Jukesa,b, Elizabeth L. Turnerc, Margaret M. Dubecka,b,d,
Katherine E. Hallidaye, Hellen N. Inyegaf, Sharon Wolfg, Stephanie Simmons Zuilkowskih,
and Simon J. Brookere

ABSTRACT
We evaluated a program to improve literacy instruction on the Kenyan
coast using training workshops, semiscripted lesson plans, and weekly
text-message support for teachers to understand its impact on
students’ literacy outcomes and on the classroom practices leading to
those outcomes. The evaluation ran from the beginning of Grade 1 to
the end of Grade 2 in 51 government primary schools chosen at
random, with 50 schools acting as controls. The intervention had an
impact on classroom practices with effect sizes from 0.57 to 1.15. There
was more instruction with written text and more focus on letters and
sounds. There was a positive impact on three of four primary measures
of children’s literacy after two years, with effect sizes up to 0.64, and
school dropout reduced from 5.3% to 2.1%. This approach to literacy
instruction is sustainable, and affordable and a similar approach has
subsequently been adopted nationally in Kenya.
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Introduction

Literacy in Developing Countries

Despite recent improvements in access to schooling, literacy rates remain low in sub-
Saharan Africa. Across the continent 63% of adults and 72% of youth aged 15–24 are literate
(UNESCO, 2012). A number of studies (e.g., Gove & Cvelich, 2010; Uwezo, 2013) have
found that in many countries in sub-Saharan Africa a large percentage of children fail to
achieve functional literacy in the first three grades of school. Improving early-grade literacy
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is therefore at the top of the global policy agenda, as evidenced by a series of recent initiatives
and meetings. The World Literacy Summit led to the Oxford declaration (World Literacy
Foundation, 2012), which called for action on five fronts, one of which was the need for “[a]
strong evidence base for why universal literacy is fundamental to an individual’s and coun-
try’s success and evidence on strategies and best practices that are having the greatest effect.”
Between 2011 and 2015, the United States Agency for International Development’s (USAID)
Goal 1 was “improved reading skills for 100 million children in primary grades” (USAID,
2011), a goal that will continue through the next project cycle. A focus on early-grade read-
ing is also explicit in the United Kingdom’s Department for International Development
(DFID) 2010–2015 strategy and is consistent with the World Bank’s strategy to improve
learning for all (World Bank, 2011).

Recent research on literacy in developing countries has focused on assessing and improving
children’s literacy in the early grades of primary school and the evidence base is slowly accu-
mulating. We focus here on school-based strategies to improve reading. Although a complex-
ity of contextual factors, including poverty, health, late enrollment, and limited access to print
contribute to delayed reading acquisition (Badian, 1988; Heath, 1983; Hungi, Ngware, &
Abuya, 2014; Jukes, Drake, & Bundy, 2008), government policy probably has the greatest
influence over what happens in the classroom. One key factor that schools can influence is the
method of instruction (Dubeck, Jukes, & Okello, 2012; Pressley, 2001; Stuhlman & Pianta,
2009), with evidence suggesting that students learn best when literacy skills are taught in an
explicit, systematic, and appropriate way (Snow, Burns, & Griffin, 1998). Explicit means that
the concept is directly taught and modeled so the student does not have to infer what the
teacher means. Systematic instruction progresses in a sequence moving from easiest to more
difficult. Learning to read any alphabetic system depends on understanding the relationship
between sounds and the letters that represent them. Regardless of context, students who do
not have this understanding are likely to struggle with reading. Despite the growing consensus
on the need to develop literacy skills in an explicit and systematic manner, educators in some
countries are only just beginning to teach skills that are known to improve literacy levels
(Anderson�Levitt, 2004; Arnold, Bartlett, Gowani, &Merali, 2006).

Kenyan Context and Policy

Since Kenya abolished school fees in 2003, most children in Kenya now enroll in school.
However, limited funding has led to increased class sizes (World Bank, 2014), student–text-
book ratios of 3:1 (Piper & Mugenda, 2012), and shortages of classroom space and teaching
materials (Sifuna, 2007; UNESCO, 2005). These resource constraints make it difficult for
teachers to provide their students with a quality education. A national survey in Kenya found
that more than half of students in Grade 3 are unable to infer meaning from short passages
of text (Wasanga, Ogle, & Wambua, 2010). A number of other assessments found similar
results—Kenyan children may have had access to school, but were not necessarily learning
much there (Mugo, Kaburu, Limboro, & Kimutai, 2011; Onsomu, Nzomo, & Obiero, 2005;
Piper, 2010; Piper & Mugenda, 2012).

At the time of the study reported in this article (2010–12) the Kenyan education policy did not
mandate a specific method to teach reading. Instead, the policy suggested that teaching methods
should meet the students’ learning needs and the objective for the lesson (Ministry of Education,
2006). Generally, these methods could include teaching the relationships between the letters and
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their sound (i.e., phonics), teaching words as a whole (i.e., look–say), or a combination of these
(Commeyras & Inyega, 2007). Our own analysis (Dubeck et al., 2012) in the study region found
that attention to developing oral language skills was prioritized over teaching the relationships
between sounds and symbols. In general, teachers use lecture and whole-class oral pedagogies in
Kenya (Ackers &Hardman, 2001; Dubeck et al., 2012; Pontefract &Hardman, 2005).

The Kenyan national education policy specified the use of the mother tongue (i.e., the
local language spoken in a student’s home) as the language of instruction in Grades 1
through 3, transitioning to English in Grade 4 and thereafter (Kibui, 2014; Ministry of
Education, 2006). However, in practice English was used widely in the early primary grades
(Lewis, 2009; Piper & Miksic, 2009; Trudell & Piper, 2014). Both English and Swahili
(referred to in the Kenyan education system as “Kiswahili”) are taught as subjects to all
students starting in Grade 1. In coastal Kenya, where our study took place, mother tongue
languages are predominantly those from the Mijikenda family of nine related ethnic groups.
Swahili is a lingua franca in the region.

The HALI Literacy Intervention

The aims of the HALI (Health and Literacy Intervention) project were to improve the liter-
acy outcomes of schoolchildren, to reduce their burden of malaria and to investigate the
interaction between these two interventions. However, there was no impact of the malaria
screening and treatment program on educational achievement nor any interaction between
malaria and literacy interventions (Halliday et al., 2014). In this article we report only the lit-
eracy intervention evaluation. In all aspects of design, the literacy intervention sought to
build on effective instructional practices that were already in use locally. For example, we
found (Dubeck et al., 2012) that during Swahili instruction some teachers were explicitly
teaching the relationship between sounds and syllables. The HALI intervention sought to
expand this practice in Swahili and encourage its use in English and in general, to help teach-
ers use literacy skills in one language to aid literacy acquisition in another. We also aimed to
increase children’s engagement with print during common practices such as song and oral
reading.

The HALI literacy intervention is described in greater detail elsewhere (Dubeck, Jukes,
Brooker, Drake, & Inyega, 2015) and summarized here. The intervention supported teachers
in developing the literacy skills of one cohort of children through the first two years of pri-
mary school and contained the following elements:
� 140 sequential, semiscripted lesson plans for literacy sessions, each one in either Swahili
or English, which were given to all participating teachers;

� Training, including a three-day initial workshop that included guided opportunities to
create new instructional materials, a problem-solving workshop four months after the
commencement of the school year, and a refresher training the following school year;

� Ongoing support for teachers for two years through weekly text messages providing
brief instructional tips and motivation to implement lesson plans. Teachers also
received credit of $0.50—around 50 Kenyan shillings—each week for their mobile
phones. A total of 200 Kenyan shillings over the course of a month represents about 1%
of the 16,662 Kenyan shillings starting salary for primary school teachers (IEA, 2014).

There has been increasing interest in the use of mobile phone technology as an educa-
tional tool in Africa (South African Institute for Distance Education, 2008; Valk, Rashid, &
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Elder, 2010), based on the high rate of ownership of the device on the continent. In Kenya, it
was estimated in 2012 that 71% of the population owned a mobile phone (TNS, 2012). There
is promising evidence elsewhere in sub-Saharan Africa that mobile phones can be used effec-
tively to improve adult literacy (Aker, Ksoll, & Lybbert, 2012; Beltramo & Levine, 2012) and
they are increasingly being used remotely to provide resources for teachers, both for their
own professional development and for use in the classroom (Walsh et al., 2013). However,
we are not aware of any previous published evaluation of a teacher professional development
program using mobile phones to coach and support teachers in a low-income country. Sub-
sequent to our intervention, evaluations have emerged showing a positive impact of a teacher
training program involving text-message communication (Piper, Zuilkowski, & Mugenda,
2014) and also of a program of teacher support using tablets (Piper, Jepkemei, Kwayumba,
& Kibukho, 2015; Piper, Zuilkowski, Kwayumba, & Strigel, 2016).

The aim of this study was to evaluate the effectiveness and cost-effectiveness of the HALI
intervention in improving children’s literacy outcomes. A key additional aim was to investi-
gate the mechanisms by which the intervention improved outcomes. We argue, with others
(Funnell & Rogers, 2011; Pawson & Tilley, 1997; Stern et al., 2012; White, 2009), that testing
the theory underlying the intervention is essential if the lessons of the evaluation are to be
applied in other contexts and to other programs. Despite a number of experimental studies
investigating the impact of improved instruction on literacy outcomes in recent years, there
is very little rigorous evidence on the changes seen in the classroom that lead to improved
outcomes. Classroom observation studies in Africa have found improvements in group work
and teacher–pupil interaction (Hardman et al., 2009) and in teacher perceptions (Sailors
et al., 2014) in response to training. One observational study in Kenya found associations
between teacher behavior and student achievement (Ngware, Oketch, & Mutisya, 2014).
However, there remains a lack of evidence on classroom processes from experimental studies
in general and from early grade reading interventions in particular.

Methods

The HALI literacy intervention was evaluated between January 2010 and March 2012
together with a program of screening and treatment for malaria. The evaluation was con-
ducted by the same team that implemented the HALI program. To avoid any bias in findings
that this might entail, a number of measures were put in place. An independent data-moni-
toring committee was set up to scrutinize data collection and analysis. An analysis plan was
submitted to the committee before data were inspected in order, among other things, to
ensure that choice and definition of outcome variables were fixed before data were analyzed.
Impact analyses were conducted by a statistician working independently from the HALI
implementation team. To avoid bias in data collection, the assessment team were blind to
the intervention status of the school and were highly trained so that they responded to all
students in the same scripted way, reducing the influence of assessor beliefs on student
scores. Each of these measures is described in more detail in the relevant section below.

The evaluation involved a cluster randomized trial (Brooker et al., 2010), in which 101
public primary schools were randomly allocated to one of four arms receiving either: (a) the
malaria intervention alone; (b) the literacy intervention alone; (c) both interventions com-
bined; or (d) neither intervention. Children from Grade 1 were randomly selected and fol-
lowed up for 24 months to assess the impact of the interventions.
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Participants

The study was conducted in rural government primary schools in Kwale and Msambweni
districts,1 approximately 50 km south from Mombasa on the Kenyan coast (Figure 1). We
excluded schools that were more than 70 km from the project office and those with another
literacy project taking place, leaving 101 schools—21 and 80 schools in Kwale and Msamb-
weni districts, respectively. Participants were students in Grade 1 at the start of study in each
of the 101 schools.

Sample Size Estimation

A sample size of 100 schools with 25 children per class and one class per school was
assumed, with 50 schools each randomized to control and to intervention, resulting in a total
of 2,500 children. This is sufficient to detect an effect size of 0.19 standard deviation (SD)
with 80% power at the 5% significance level (Hayes & Bennett, 1999), assuming an intra-
class correlation (ICC) of 0.2 (ICC varied from 0.1 to 0.2 with mathematics and literacy tests
in Grade 2 in a previous impact evaluation in western Kenya; Clarke et al., 2008) and a corre-
lation between baseline and final outcomes of 0.7. In practice, because group tests were con-
ducted in groups of 15, we randomly selected 30 children per class, where available, which
resulted in a larger sample size than originally planned and accommodated for attrition.

Random Allocation of Schools

We invited all available 101 schools to participate in the study and all schools accepted. Ran-
dom allocation of the 101 schools to study arm was conducted in two stages, each involving
public randomization ceremonies to ensure the process was transparent to stakeholders. At
the time of our study, schools in Kenya were divided into Teacher Advisory Center (TAC)
tutor zones,2 which meet to discuss curriculum and progress, supported by a TAC tutor. In
our sample there were 26 TAC tutor zones with between three and six schools each. Inclu-
sion of control schools and intervention schools from the same TAC tutor zone may have
led to leakage of the intervention between schools. Such contamination was documented in
a literacy instruction evaluation in a nearby district (Crouch, Korda, & Mumo, 2009). There-
fore, the first stage of randomization involved random allocation by TAC tutor zone so that
each of the 26 TAC tutor zones were randomly allocated to receive either the literacy inter-
vention or to serve as a literacy control. This ensured that no TAC tutor zone contained
both intervention and control schools. Randomization was stratified by (a) TAC tutor zone
size and (b) average primary school leaving exam scores across the TAC tutor zone. Overall,
51 schools were randomized to literacy intervention and 50 schools to literacy control. The
second stage involved random allocation of the health intervention by individual school
rather than TAC tutor zone since there was no concern of contamination between schools
in the same TAC tutor zone. This randomization was stratified by school achievement and

1 Kenyan administrative regions were redrawn in 2013. Mswambeni district is now Msambweni subcounty and Kwale district is
divided into Matuga and Kinango subcounties.

2 Now called Curriculum Support Officers.
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literacy group allocation, yielding 51 schools in health intervention and 50 schools in health
control.

Sensitization and Recruitment

At the national level, the study was approved by the Division ofMalaria Control; Ministry of Pub-
lic Health and Sanitation; and Ministry of Education, Science and Technology. At provincial and

Figure 1. Map of study schools in Kwale and Msambweni districts, coastal Kenya. Inset: Map of Kenya with
Kwale and Msambweni districts shaded in gray.

6 M. C. H. JUKES ET AL.



district levels, meetings were held with the Provincial Medical Officer and the Provincial Director
of Education in Mombasa, as well as district health and education officials in Kwale andMsamb-
weni. Consent was also sought from school headteachers and TAC tutors. Prior to randomization,
enumeration of children was carried out and school meetings were held with parents and guardi-
ans to explain the study and seek written informed consent. Children provided verbal informed
assent prior to assessment in the school. The study was approved by the Kenya Medical Research
Institute and National Ethics Review Committee (SSC number 1543), the London School of
Hygiene & Tropical Medicine Ethics Committee (5503), and the Harvard University Committee
on the Use of Human Subjects in Research (F17578-101).

Outcome and Measures

Children’s educational outcomes were assessed at baseline, and at 9 months (FU1) and
24 months (FU2) follow-up (Table 1). The main aim of the outcome measures was to assess

Table 1. Test description, test–retest reliability over three days and test usage in three survey time points.

Outcomes measured at each
time point

Domain
Test (score range or

scale)

Individual (I) or
group (G)
assessment

Test–retest
reliability

Reliability
sample size Baseline

Follow-up
1 (9 mos)

Follow-up
2 (24 mos)

Phonological
awareness

Beginning sound
identification (0–10)

G 0.89 33 � �

Oral vocabulary Swahili receptive
language (0–25)

G 0.85 35 � �

Letter reading Swahili letter sounds
(lpm)

I 0.83 30 � � �

English letter
knowledge (lpm)

I 0.62 30 � � �

Word reading Swahili word
identification (wpm)

I 0.84 30 � � �

English word
identification (wpm)

I 0.89 30 � � �

Passage reading Swahili passage reading
fluency (wpm)

I 0.92 30 � � �

English passage reading
fluency (wpm)

I 0.93 30 � � �

Swahili passage
comprehension (0–5)

I — 30 � � �

English passage
comprehension (0–5)

I — 30 � � �

Spelling Spelling (0–20) G 0.82 65 � � �
Sustained

attention
Pencil Tap (0–20) I 0.61 35 �

Code transmission (0–
20)

G 0.85 35 � �

Numeracy Number Identification
(0–20)

I 0.95 35 � �

Quantity Discrimination
(0–10)

I 0.71 35 � �

Arithmetic (0–60) I 0.85 35 �
Nonverbal

reasoning
Ravens (0–22 at

baseline; 0–12 at
follow-up)

I 0.60 35 � � �

Notes. lpmDletters per minute; wpmDwords per minute.
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children’s progress through phases of literacy acquisition. We also included assessments of
early numeracy skills, sustained attention, and nonverbal reasoning to assess whether the lit-
eracy intervention had spillover effects in other domains. Some tests were conducted orally
with individuals in both Swahili and English; other tests were in small groups and required
written responses. Group tests included those of receptive language and beginning sounds
phonemic awareness, which were assessed only in Swahili, and spelling, which was assessed
only in English.

Educational Assessments

Educational assessments are available from corresponding author on request.

Literacy Assessments
Literacy tests were adapted from previous work in Kenya (Jukes, Vagh, & Kim, 2006), and
the Early Grade Reading Assessment (EGRA; RTI International, 2009), both of which have
been widely used in the least developed countries in sub-Saharan Africa and elsewhere and
from the Phonological Awareness Literacy Screening (Invernizzi, Juel, Swank, & Meier,
2007). Tests were conducted at all three time points except for beginning sound awareness
and receptive language, which develop earlier than other literacy skills and were assessed in
Grade 1 (baseline and nine months) only (see Table 1).

Beginning Sound Awareness. A group test of Swahili phonological awareness. The assessor
names a target picture and three additional ones. Children mark the picture that has the
same beginning sound as the target one. Items incorporate age-appropriate vocabulary, con-
sisting of words with concrete meanings. Ten items in total.

Receptive Language. A group test of Swahili oral language skills. For each item, a word is
read out in Swahili and children are required to mark the corresponding picture from a
choice of four on their answer sheet. Twenty-five items in total.

Spelling. A group test in English only, which assesses phonemic awareness and letter knowl-
edge. Students spell five words with consonant-vowel-consonant syllable patterns (e.g., sad).
Credit is given for phonetically acceptable choices for beginning and ending consonant
sounds (e.g., “p” for “b”) and for the middle vowel. Reversals (e.g., “b” for “d”) are consid-
ered handwriting errors, not spelling errors. Students receive one correct mark for each pho-
neme that is ascribed the correct letter or an acceptable substitution and one bonus point for
each word spelled correctly. The maximum score is four per word or 20 in total.

Letter Reading Fluency. Children are given 60 seconds to read 100 letters presented in ran-
dom order. The English version of the test involves reading the names of the letters (ay, bee,
cee) presented in uppercase. The Swahili alphabet is presented in lowercase and consists of
23 letters and seven digraphs (e.g., dh, sh), and children give the letter sounds. The score on
both versions is rate of letters identified correctly per minute.
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Word Reading Fluency. Two individual tests in English and Swahili. Students are required
to read a list of 50 words typically found in beginning reading materials. The score is the
rate of words read correctly per minute.

Passage Reading Fluency. Students read a Grade-2 level narrative passage in both English
and Swahili. The score is the rate of words read correctly per 60 seconds.

Passage Reading Comprehension. After the passage-reading fluency assessment, students
are asked questions that correspond to the text they read. It includes four explicit compre-
hension and one inferential question. The score is the total correct out of five.

Numeracy Assessments
Numeracy assessments were based on previous work in Kenya (Jukes, Vagh, & Kim, 2006)
and the Early Grade Mathematics Assessment (Reubens, 2009). In Grade 1, the numeracy
assessments consisted of a combined score from the number identification and quantity dis-
crimination subtests.

Number Identification. Students are given a list of one-, two-, and three-digit numbers to
read out in one minute. Maximum score is 20.

Quantity Discrimination. Students are presented with a pair of one-, two-, and three-digit
numbers, which the administrator also reads out, and are asked which one is bigger. Maxi-
mum score is 10.

Written Numeracy. At the 24-month follow-up, numeracy was assessed with only an
untimed written test involving 38 questions of basic arithmetic.

Sustained Attention and Reasoning
Sustained attention was assessed using the Pencil Tapping test at baseline and Code Trans-
mission at FU1 and FU2.

Pencil Tapping. An individual test of sustained attention and executive control, adapted
from existing measures (Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008; Diamond &
Taylor, 1996). Students are required to tap a pencil on the desk once when the assessor taps
twice, twice when the assessor taps once and not at all when the assessor taps three times. A
delay of up to 30 seconds is introduced between stimulus and response. As a distractor, the
child is given a page of shapes to color while they wait for the taps. The maximum score is
20.

Code Transmission. A group test of sustained attention used elsewhere in Kenya
(Clarke et al., 2008) and adapted from the TEA-Ch (Tests of everyday attention for
children) battery (Manly, Robertson, Anderson, & Nimmo-Smith, 1999). A list of digits
is read out loud at the speed of one every two seconds and children are required to lis-
ten for a “code”—two consecutive occurrences of the number five—and then record the
number that preceded the code. Due to floor effects this test was not used at baseline.
The maximum score is 20.

IMPROVING LITERACY INSTRUCTION IN KENYA 9



Raven’s Progressive Matrices. Nonverbal reasoning was assessed by the Raven’s Progressive
Matrices task (Raven, Styles, & Raven, 1998).

Before the study began, all instruments were adapted to the Kenyan context over a
period of five months to ensure face validity and appropriate stimuli. The provisional
battery of tests was administered in five schools in the study area to assess test–retest
reliability over a period of one week, relationships among tests (concurrent validity),
and properties of individual test items.

Table 1 shows test–retest reliability data over three days for each of the assessments. Inter-
rater reliability was assessed for the spelling test because of its relatively complex scoring
procedures and was found to be high (0.99) among a sample of 20 assessors. A test of print
concepts (e.g., concept of word in text) was dropped from the test battery because of low
reliability.

Observations and Teacher Interviews

During the second school term of the evaluation, before the FU1 outcome measurements,
two unannounced visits to each school were carried out to conduct teacher interviews and
observations.

Classroom Observations. Adapted from the Classroom Language Arts Systematic Sam-
pling and Instructional Coding (CLASSIC) classroom observation tool (Scanlon, Gelz-
heiser, Fanuele, Sweeney, & Newcomer, 2003). In all schools, an assessor observed
English and Swahili lessons on two separate visits. In intervention schools only, the
same assessor also observed a third lesson on each visit in which the HALI intervention
materials were taught. Every 90 seconds a “snapshot” of the classroom was taken to
provide detailed information about student and teacher behavior in five categories. The
following description summarizes these categories with emphasis on behaviors
highlighted in our results: (a) The material to which the teacher is referring or to
which the pupils are attending. It could be a visible object such as written text or
something spoken like a rhyme. The key classification used in our analyses was whether
the material was written (e.g., on a book or chalkboard) or oral (e.g., a spoken rhyme).
(b) The language part to which the teacher is referring or to which the pupils are
attending. These were categorized as story or rhyme, sentence, word, word part, letter,
or sound. (c) The teacher’s specific instructional focus (e.g., the meaning of the word or
taking the word apart). (d) The teacher activity (e.g., gaining student attention, reading
to children). (e) The student response or activity. The key student response categories
of interest were student reading and student writing.

Table 2 shows the classification of classroom behaviors in greater detail together with
inter-rater reliability statistics. High inter-rater reliability was achieved for materials, lan-
guage part, and student response. It was challenging to achieve high reliability with instruc-
tional focus and teacher activity categories, which were more subjective. These categories
were removed from subsequent analysis.

Teacher Interviews. The teacher interview was a mixture of closed- and open-ended ques-
tions conducted at the end of the lesson being observed. It was based partly on a
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questionnaire developed in previous work in Kenya (Jukes et al., 2006) and asked about the
observed lesson as well as the teachers’ background and experience.

Classroom Inventory. This observation schedule recorded the state of the classroom and the
materials present, with a particular focus on those suggested in the teacher training.

Household and School Questionnaires. These were conducted to obtain background infor-
mation about students’ households and about school quality (Filmer & Prichett, 2001).

Data Analysis

The trial protocol was registered with the U. S. National Institute of Health Clinical
Trials Registry (ClinicalTrials.gov; Identifier: NCT00878007). Primary and secondary
outcomes were prespecified in a statistical analysis plan and approved by an indepen-
dent data monitoring committee (DMC) separately for 9-month (FU1) and 24-month
(FU2) analyses. Primary outcomes were those used as key indicators of whether the
intervention was effective. Secondary outcomes were other indicators that were judged
to be less important indicators or those anticipated to be less likely to be affected by
the intervention. There were three prespecified primary outcomes at both FU1 and
FU2: spelling score (0–20), Swahili letter sounds (letters per minute [lpm]) and English
letter knowledge (lpm), with Swahili word identification (words per minute [wpm])
prespecified as a fourth primary outcome at FU2.

Analyses were conducted at the child level on an intention-to-treat basis. All out-
comes were numerical test scores (e.g., spelling score) or continuous measures of scores
per minute (e.g., letters read per minute). Linear mixed effects models were used to
account for the hierarchical structure of the data. Specifically, independent zero-mean
normally distributed random effects were included for: (a) TAC tutor zone (nj), (b)
school (ujk), and (c) child (hjkl), with an additional residual random error (ejklm). Interven-
tion effects for FU1 and FU2 were estimated from the same model by including fixed
effects for follow-up visit, literacy intervention arm, and their interaction. Prespecified pri-
mary analyses for each outcome included adjustment for the baseline measure of that out-
come, age and sex, and adjustment for study design features by including the indicator
terms for malaria intervention arm and for the school-cluster exam performance score
(i.e., a proxy for the stratification factor).

Table 2. Inter-rater reliability for observation of behaviors in 10 classes by 10 raters.

Category Subcategory Example Inter-rater reliability (Fleiss’s kappa)

Materials Mode Written, oral 0.78
Type Book, choral 0.76

Language part Language part Word, sentence 0.79
Instructional focus Focus Meaning, taking the word apart 0.45

Type Prediction, rhyme 0.59
Teacher activity Behavior Give instructions, read aloud 0.59

Teacher position Front of class 1.00
Teacher feedback Positive response with explanation 0.69

Student response Behavior Reading, oral response, writing 0.88
By whom Individual girl, small group 0.84
To whom Teacher, classmate 1.00

IMPROVING LITERACY INSTRUCTION IN KENYA 11



The primary form of the model can be expressed as follows:

Primary Modelð Þ Yjklm

Da1Ca2 FU2jklm Cb1Tj Cb2TjFU2jklm C gBaselineYjkl0 C gMalaria intIjk
C gAgeAjkl C gMaleMjkl C nj C ujk C hjkl C ejklm
nj »N 0; s2

y

� �
; ujk »N 0; s2

u

� �
; hjkl »N

�
0; s2

h

�
; ejklm »N 0; s2

e

� �

for jD 1; . . . :; 26 TAC tutor zones, kD 1; . . . :; Sj schools in the jth TAC tutor zone, lD 1; . . .
:; njk child in the kth school in the jth TAC tutor zone and for mD 1; 2 follow-up visits cor-
responding to FU1 (9 months) and FU2 (24 months), respectively. The indicator terms
FU2jklm , Tj, and Ijk indicate whether an outcome is at FU2, whether the jth school cluster
was allocated to literacy intervention and whether the jkth school was allocated to the
malaria intervention, respectively. Other fixed terms are as follows: Yjkl0 is the baseline mea-
sure of the outcome (or of an appropriate proxy measure), Ajkl is baseline age, andMjkl is an
indicator of whether the child is male.

In order to compare effects on different outcomes, all results were standardized by
dividing by the control arm SD at each of the follow-up time points (Glass, 1976). We
refer to these estimates as standardized effects sizes and the former nonstandardized
estimates as the adjusted mean difference. A second set of prespecified models included
additional adjustment for SES (five categories: poorest—least poor), language spoken at
home (three categories: Mijikenda language group, Swahili, and other) and preschool
attendance, which were included as fixed effects in the primary model equation (see
above). Restricted maximum likelihood estimation was used, and all analyses were per-
formed in Stata 13.0 (StataCorp, 2013).

Outcome data for each child may be missing at one or both of the follow-up time
points. This could arise because a child did not provide assent to participate at that
time point or was not present at school when we conducted the outcome assessments
or because the child had formerly withdrawn from the study. Such nonresponse could
lead to bias of the estimated intervention effect if, for example, different types of chil-
dren were lost to follow-up in the intervention arm compared to the control arm. To
determine the effects of nonresponse, we performed sensitivity analyses that explicitly
accounted for predictors of missing outcomes in order to try to correct for bias in the
estimated intervention effect. The specific steps are as follows. We first determined
whether treatment arm or any baseline child or home-environment characteristics were
predictive of nonresponse at FU1 and separately at FU2 using logistic regression. We
then refitted the primary impact analysis model shown above for each outcome and
adjusted for all characteristics indicated to be independent predictors of nonresponse
(with p < 0.1) at either FU1 or FU2. Results from such likelihood-based analyses pro-
vide unbiased estimates of the adjusted intervention effects (Fitzmaurice, Laird, &
Ware, 2011), assuming that we had identified all covariates that were predictive of non-
response (i.e., assuming that the nonresponse data were missing at random [MAR],
conditional on the identified covariates). We used results from these models as a sensi-
tivity analysis to evaluate whether our primary estimates of the intervention effect were
sensitive to further adjustment.

12 M. C. H. JUKES ET AL.



Subgroup analyses were performed for all literacy outcomes by using the model indi-
cated in the equation above, with an interaction between each follow-up indicator and
the indicator (or indicators, if more than two levels) for the subgroup. Prespecified sub-
groups according to variables measured at study baseline included gender, preschool
attendance, having books at home, reading aloud at school, getting help with school-
work at home, missing breakfast, anemia, stunting, having repeated a grade, and base-
line literacy levels.

School dropout was analyzed using a logistic regression model analogous to the primary
model above: Random effects were included at the school and TAC tutor zone levels with
age, sex, baseline SES, school-cluster exam performance score, and an indicator for malaria
intervention as covariates.

Results

Study Profile

In total, 3,753 children were randomly selected for the consent process before visiting
schools in January 2010. At initial school meetings, parents of 2,838 (75.6%) children
were present and gave consent. Of these we selected a maximum of 30 children in each
school to take part in the baseline survey, totaling 2,539. On average (SD), 25.3 (1.7)
and 24.6 (3.3) children were selected in control and intervention schools, respectively.
Due to challenges in conducting surveys in one of the intervention schools, only nine
children in that school were finally enrolled. Of the 2,539 study children, 2,516 (99.1%)
took part in baseline assessments, 2,238 (88.1%) in the first follow-up at 9 months and
2,030 (80.0%) in the second follow-up at 24 months. Participation in each follow-up
was comparable for both intervention and control arms. By the end of data collection,
69 (2.7%) children had exited the study because they were deceased or had withdrawn.
The trial profile is detailed in Figure 2.

Baseline Participant Characteristics

Table 3 shows that children had broadly similar characteristics in each of the literacy inter-
vention study arms. School-level factors were similar across study arms in terms of exam
scores and despite the differences in variability of school sizes by study arm, the median
school size was similar. However, a higher proportion of schools in the control arm had
school feeding programs when surveyed in January 2010. The school experiences of the chil-
dren were highly comparable across study arms. Overall, most children (95.5%) had
attended preschool, a third (32.1%) had previously failed Grade 1, and most (86.9%) read
aloud in class. Overall home characteristics included Digo as the most common language
used at home, which was more common in intervention than control (51.7% vs. 40.9%) and
a third (34.3%) of children’s parents never read to them. There were some other imbalances
in terms of socioeconomic status (lower in the control arm) and schooling of household
head (lower in the control arm). Table 4 shows that baseline measures of the educational
outcomes were broadly comparable between arms. Overall, as expected at the start of Grade
1, most scores were low except for English letter knowledge, with an overall mean of 16.4
lpm and Swahili receptive language with a mean of 18.1 lpm.

IMPROVING LITERACY INSTRUCTION IN KENYA 13



Teacher Compliance With Literacy Intervention

A total of 62 Grade-1 teachers were initially trained in the 51 schools in February 2010, more
than one per school because some schools had multiple streams. However, we collected and
analyzed data from only one stream of children per school in order to minimize costs.
Teachers who transferred into intervention schools during the first term were given a one-
day intensive training in their school. At the start of the second year (February 2011), 59
teachers were trained, 38 of whom taught Grade 1 the previous year and moved to Grade 2
with their class, so received refresher training; and 21 of whom were new to the project and
so were provided with the initial and refresher training. Teacher attendance rates at the three
training workshops were 95.2%, 98.4% and 96.3%, respectively.

The response rate of teachers to the weekly text messages containing a question averaged
87% over 37 weeks in Year 1 and 84% in Year 2. Two text messages did not contain a ques-
tion and had a lower response rate of less than 50%.

An additional assessment of intervention fidelity came from weekly summary sheets com-
pleted by teachers with descriptions of and reflections on lessons taught. They were collected
during unannounced health screening visits to reduce social desirability bias. Completion of
sheets was time-consuming for teachers so we limited their collection to the first year (26

Figure 2. Trial profile: Flowchart of random allocation and study design. The percentages refer to the per-
centage of children who were invited to participate in the study who provided informed consent and
enrolled in the trial. Data for the schools are: Number of schools; Mean (SD) number of children [min,
max].

14 M. C. H. JUKES ET AL.



weeks) of the intervention. During this time the mean number of HALI lessons taught by the
62 teachers was 54.6 lessons, on average two per week. These lessons were in addition to the
regular language lessons the teacher may have taught.

As a measure of compliance with the intervention we recorded the presence of two
instructional aids that teachers were requested to use in the classroom: a “washing line” for

Table 3. Baseline school, child, and household characteristics of 2,539 Kenyan Grade-1 children enrolled in
the trial in the 51 intervention and 50 control schools.

Intervention Control
Characteristic; n (%)a 51 schools 50 schools

School characteristicsb

Exam score Mean (SD) 221.9 (29.0) 227.3 (27.6)
School size Median (IQR) [min, max] 511 (343, 686)

[85, 4,891]
600 (371, 900)

[199, 1,439]
School programs Feeding 20 (39.2) 29 (58.0)

Deworming 50 (98.0) 49 (98.0)
Malaria control 6 (12.0) 15 (30.0)

School facilities Water and sanitation 11 (22.4) 14 (28.0)
Gender-separated toilets 49 (96.1) 49 (98.0)
Hand-washing facilities 17 (33.3) 9 (18.0)

Child characteristicsb 1,258 children 1,281 children
Age Mean (SD) 7.7 (1.7) 7.9 (1.7)

5–6 305 (24.2) 287 (22.4)
7–8 573 (45.6) 525 (41.0)
9–10 322 (25.6) 397 (31.0)
11–15 58 (4.6) 72 (5.6)

Sex Male 656 (52.2) 637 (49.7)
Nutritional status Underweight 235 (24.3) 261 (27.7)

Stunted 270 (23.0) 314 (27.0)
Thin 225 (19.2) 238 (20.5)

School experience Attended school before Grade 1 945 (95.5) 936 (95.8)
Failed a grade 297 (30.5) 295 (30.9)
Reads aloud in class 869 (85.9) 861 (87.1)

Household characteristicsb

Parental education No schooling 363 (29.1) 435 (34.4)
Primary schooling 692 (55.5) 667 (52.7)
Secondary schooling 145 (11.6) 133 (10.5)
Higher education 47 (3.8) 30 (2.4)

Socioeconomic status Poorest 240 (19.2) 338 (26.5)
Poor 249 (19.8) 268 (21.0)
Median 266 (21.2) 222 (17.4)
Less poor 250 (19.9) 235 (18.4)
Least poor 250 (19.9) 213 (16.7)

Household size 1–5 365 (29.5) 370 (29.0)
6–9 730 (59.0) 735 (57.6)
10–31 142 (11.5) 170 (13.3)

Language spoken at home Digo 651 (51.7) 524 (40.9)
Duruma 170 (13.5) 380 (29.7)
Other Mijikenda 28 (2.2) 28 (2.2)
Swahili 197 (15.7) 171 (13.4)
Other (non-Mijikenda) 212 (16.9) 177 (13.8)

No. times parent read to child last week 0 280 (33.0) 281 (35.7)
1–3 400 (47.1) 338 (43.0)
4–6 79 (9.3) 97 (12.3)
7 and above 90 (10.6) 71 (9.0)

aPercentage of nonmissing children in each study arm presented for categorized data. For continuous data mean (SD) [min,
max] is presented.

bAll characteristics have less than 2% missing data with the exception of the following indicators: stunted, thin, and
underweight.
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letters and words and a pocket chart for letters. These were selected because these aids were
foundational to many of the lesson plans and their use implies minimal compliance.

We observed the washing line for letters in 46 of 50 intervention-school classrooms and
in 18 out of 49 control-school classrooms. The pocket chart was present in 46 of 50 interven-
tion classrooms and 4 of 49 control classrooms. Observation data were missing from one
intervention and one control school.

Contamination

In order to interpret evaluations of education interventions, it is important to document
contamination carefully (Keogh-Brown et al., 2007). To this aim, we recorded the level of
contact between teachers in neighboring schools. Each teacher was asked to list up to four
teachers in other schools with whom they had had contact in the previous month. The most
common kind of contact was between one intervention school and another. Twenty-seven
of the 51 intervention schools had teachers who said they had spoken with teachers from
other intervention schools compared with just ten whose teachers had spoken with teachers
from control schools. Control-school teachers were less likely than intervention-school
teachers to have contact with other schools (25 control schools compared with 37 interven-
tion schools), but where they did, they were also more likely to contact intervention-school
teachers than control-school teachers (teachers in 15 control schools contacted intervention-
school teachers compared with 10 control schools who contacted other control schools).
Around two thirds of the conversations between teachers from different schools were about

Table 4. Baseline educational outcomes of 2,539 Kenyan Grade-1 children enrolled in the trial in the 51
intervention and 50 control schools.

Mean (SD)/median (25th percentile, 75th percentile)

Outcome (score range or scale) Intervention ND1,258 Control ND1,281

Primary outcomes
Spelling (0–20) 8.4 (4.6) /8.0 (5.0, 12.0) 7.8 (4.3) /7.0 (5.0, 11.0)
English letter knowledge (lpm) 16.2 (15.0) /13.0 (2.0, 28.0) 16.6 (15.1) /13.5 (3.0, 28.0)
Swahili letter sounds (lpm) 7.5 (11.6) /0.0 (0.0, 11.5) 5.2 (9.0) /0.0 (0.0, 8.0)
Swahili word identification (wpm) 1.9 (4.4) /0.0 (0.0, 1.0) 1.5 (4.0) /0.0 (0.0, 1.0)
Secondary outcomes
Literacy
English word identification (wpm) 1.5 (3.6) /0.0 (0.0, 1.0) 1.0 (3.0) /0.0 (0.0, 0.0)
English passage reading
Fluency (wpm) 0.6 (3.7) /0.0 (0.0, 0.0) 0.4 (2.8) /0.0 (0.0, 0.0)
Comprehension (0–5) 0.0 (0.3) /0.0 (0.0, 0.0) 0.0 (0.3) /0.0 (0.0, 0.0)

Swahili passage reading
Fluency (wpm) 0.6 (3.0) /0.0 (0.0, 0.0) 0.5 (2.7) /0.0 (0.0, 0.0)
Comprehension (0–5) 0.1 (0.3) /0.0 (0.0, 0.0) 0.0 (0.3) /0.0 (0.0, 0.0)

Beginning sounds (0–10) 5.4 (2.4) /5.0 (4.0, 7.0) 5.2 (2.4) /5.0 (3.0, 7.0)
Receptive language (0–25) 18.3 (3.9) /19.0 (16.0, 21.0) 17.8 (4.2) /19.0 (16.0, 21.0)
Nonliteracy
Nonverbal reasoning (0–22)D 7.2 (2.4) /7.0 (6.0, 8.0) 7.7 (2.7) /7.0 (6.0, 9.0)
Numeracy (0–30) ^ 5.8 (4.6) /4.0 (3.0, 9.0) 5.3 (4.3) /4.0 (2.0, 8.0)
Sustained attention (0–20)� 12.1 (6.5) /14.0 (7.0, 18.0) 11.9 (6.7) /14.0 (7.0, 18.0)

Notes. SD: standard deviation; lpm: letters per minute; wpm: words per minute; DRaven’s matrices test scored 0–22 at baseline
and 9 months, scored 0–12 at 24 months; ^sum of number identification (0–20) and quantity discrimination (0–10) at base-
line and 9 months; written numeracy at 24 months; �pencil tap at baseline; single-digit code transmission at 9 and
24 months. Missing data at most 2.7% for each variable in both arms, except for pencil tap with 4.0% and 2.5% missing in
control and intervention arms, respectively.
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teaching methods, with a slightly higher percentage of conversations between two interven-
tion-school teachers being about teaching methods (78%) compared to conversations involv-
ing control schools (65%). When asked to list local education projects, teachers in only six of
the 50 control schools mentioned HALI and none said they had participated in the program.
On balance, contamination in this study is likely to be relatively limited. Only 10 control
schools reported discussing teaching methods with a teacher from an intervention school
and only six mentioned the HALI project by name.

Effect of Literacy Intervention on Literacy Outcomes

Primary Outcomes
Impact analyses are presented in Table 5. At the 9-month follow-up, children in the literacy
intervention arm had significantly higher mean-adjusted scores for the spelling task than
children from control schools (Adjusted mean difference [Adj. MD]: 1.52, 95% CI: 0.98,
2.07, p < 0.001), with a moderate effect size (0.36, 95% CI: 0.23, 0.48). This gain was not sus-
tained at 24-month follow-up (Adj. MD: 0.49, 95% CI: ¡0.06, 1.04, p D 0.079) with a small
effect size (0.14, 95% CI: ¡0.02, 0.30).

At the 9-month follow-up, children in the literacy intervention arm scored significantly
higher on assessment of Swahili letter sounds, with a greater than five-point mean difference
between the intervention and control arm (Adj. MD: 5.59, 95% CI: 2.61, 8.57, p < 0.001). A
similar, slightly smaller benefit was observed at 24 months (Adj. MD: 4.95, 95% CI: 1.95,
7.95, p D 0.001). Corresponding adjusted effect sizes were large at 0.64 (95% CI: 0.30, 0.97)
and 0.38 (95% CI: 0.15, 0.61). However, at both 9- and 24-month follow-ups, no statistical
difference in mean score was observed for English letter knowledge.

The impact on Swahili word identification was reasonable after 9 months (prespecified as
a secondary outcome at this time point; Adj. MD: 1.88 wpm, 95% CI: ¡0.01, 3.76, p D
0.051) and of a larger magnitude at 24 months (prespecified as a primary outcome at this
time point; Adj. MD: 2.44, 95% CI: 0.53, 4.35, p D 0.012). By contrast, the corresponding
magnitude of adjusted effect sizes reduced over time being 0.23 (95% CI: ¡0.00, 0.47) at
9 months and 0.13 at 24 months (95% CI: 0.03, 0.24).

The magnitude of clustering was comparable in all four primary outcome models, there-
fore we focus on one outcome—spelling. We chose the spelling outcome because it covers
literacy skills from basic to advanced and does not have ceiling or floor effects. With this out-
come, most clustering was due to the two repeated measures on the child (ICC D 0.445), fol-
lowed by clustering by school (ICC D 0.104), with negligible clustering by TAC tutor zone
(ICC D 0.008), which was the unit of randomization.

Secondary Outcomes
For English word reading, a similar pattern was observed as for Swahili word reading with
no evidence of an effect after 9 months and a benefit at 24 months (Adj. MD: 2.44 wpm,
95% CI: 0.53, 4.35, p D 0.039). For passage reading, the intervention led to a small improve-
ment in oral reading fluency in both Swahili and English, which was statistically significant
after 24 months (Adj. MD: 1.70 wpm, 95% CI: 0.08, 3.31, p D 0.022, for English, and, Adj.
MD: 0.14 wpm, 95% CI: 0.03, 0.25, p D 0.011 for Swahili). In both cases, effect sizes were
smaller at 24 months, as a result of larger control SD at the later time point, which was used
to standardize the adjusted mean difference. There was a suggestion of some improvement

IMPROVING LITERACY INSTRUCTION IN KENYA 17



Ta
bl
e
5.

Im
pa
ct
of

H
AL
Il
ite
ra
cy

in
te
rv
en
tio

n
on

lit
er
ac
y
an
d
no
nl
ite
ra
cy

ou
tc
om

es
fo
r
2,
49
1
an
d
2,
47
0
G
ra
de
-1

H
AL
Ic
hi
ld
re
n
at

9-
m
on
th

an
d
24
-m

on
th

fo
llo
w
-u
p,

re
sp
ec
tiv
el
y.

In
te
rv
en
tio

n
Co
nt
ro
l

IC
C»

Fo
llo
w
-u
p
tim

e
po
in
t

n
M
ea
n
(S
D
)

n
M
ea
n
(S
D
)

Ad
ju
st
ed

m
ea
n

di
ffe
re
nc
ex

(9
5%

CI
)

St
an
da
rd
iz
ed

ad
ju
st
ed

m
ea
n
di
ffe
re
nc
ex
x(
95
%
CI
)

p
va
lu
e_

TA
C
tu
to
r

zo
ne

Sc
ho
ol

Ch
ild

Pr
im

ar
y
ou

tc
om

es
Sp
el
lin
g
(s
co
re
:0
–2
0)

9
m
on
th
s

1,
08
9

11
.9
7
(4
.7
7)

1,
10
4

10
.1
9
(4
.2
9)

1.
52

(0
.9
8,
2.
07
)

0.
36

(0
.2
3,
0.
48
)

<
0.
00
1

0.
00
8

0.
10
4

0.
44
5

24
m
on
th
s

1,
00
6

11
.8
9
(3
.1
5)

98
4

11
.1
4
(3
.4
6)

0.
49

(¡
0.
06
,1
.0
4)

0.
14

(¡
0.
02
,0
.3
0)

0.
07
9

En
gl
is
h
le
tt
er

kn
ow

le
dg

e
(lp

m
)

9
m
on
th
s

1,
09
6

22
.6
1
(1
6.
58
)

1,
11
2

22
.6
0
(1
6.
64
)

0.
47

(¡
1.
92
,2
.8
6)

0.
03

(¡
0.
12
,0
.1
7)

0.
69
8

0.
01
2

0.
09
3

0.
40
6

24
m
on
th
s

1,
00
5

33
.2
8
(1
8.
99
)

98
7

33
.5
8
(1
9.
21
)

0.
11

(¡
2.
31
,2
.5
3)

0.
01

(¡
0.
12
,0
.1
3)

0.
92
9

Sw
ah
ili
le
tt
er

so
un

ds
(lp

m
)

9
m
on
th
s

1,
09
5

10
.4
0
(1
3.
12
)

1,
11
2

4.
83

(8
.8
4)

5.
59

(2
.6
1,
8.
57
)

0.
64

(0
.3
0,
0.
97
)

<
0.
00
1

0.
04
3

0.
20
1

0.
32
6

24
m
on
th
s

99
8

11
.4
6
(1
5.
92
)

96
6

6.
64

(1
3.
17
)

4.
95

(1
.9
5,
7.
95
)

0.
38

(0
.1
5,
0.
61
)

0.
00
1

Sw
ah
ili
w
or
d
id
en
tifi

ca
tio

n
(w
pm

)#
9
m
on
th
s

1,
09
5

7.
14

(1
0.
45
)

1,
11
3

5.
00

(8
.0
7)

1.
88

(¡
0.
01
,3
.7
6)

0.
23

(¡
0.
00
,0
.4
7)

0.
05
1

0.
01
1

0.
06
7

0.
37
2

24
m
on
th
s

99
6

20
.7
4
(1
8.
43
)

96
8

18
.0
4
(1
8.
41
)

2.
44

(0
.5
3,
4.
35
)

0.
13

(0
.0
3,
0.
24
)

0.
01
2

Se
co
nd

ar
y
ou

tc
om

es
Li
te
ra
cy

ou
tc
om

es
En
gl
is
h
w
or
d
id
en
tifi

ca
tio

n
(w
pm

)
9
m
on
th
s

1,
09
4

5.
48

(8
.0
4)

1,
11
3

3.
51

(6
.4
5)

1.
26

(¡
0.
33
,2
.8
6)

0.
20

(¡
0.
05
,0
.4
4)

0.
12
1

0.
01
7

0.
08

0.
37
6

24
m
on
th
s

1,
00
7

14
.1
3
(1
5.
11
)

98
5

11
.7
0
(1
4.
14
)

1.
70

(0
.0
8,
3.
31
)

0.
12

(0
.0
1,
0.
23
)

0.
03
9

En
gl
is
h
pa
ss
ag
e
re
ad
in
g
fl
ue
nc
y
(w
pm

)
9
m
on
th
s

1,
09
6

4.
57

(1
0.
99
)

1,
11
3

2.
64

(8
.0
4)

1.
95

(¡
0.
40
,4
.2
9)

0.
24

(¡
0.
05
,0
.5
4)

0.
10
4

0.
01
3

0.
08

0.
37
2

24
m
on
th
s

1,
01
0

17
.0
1
(2
0.
91
)

98
7

14
.2
3
(1
9.
91
)

2.
78

(0
.4
0,
5.
15
)

0.
14

(0
.0
2,
0.
26
)

0.
02
2

En
gl
is
h
pa
ss
ag
e
re
ad
in
g
co
m
pr
eh
en
si
on

(s
co
re
:0
–5
)

9
m
on
th
s

1,
09
6

0.
31

(0
.8
2)

1,
11
3

0.
20

(0
.6
9)

0.
11

(0
.0
1,
0.
21
)

0.
16

(0
.0
2,
0.
30
)

0.
02
5

0.
00
3

0.
06
2

0.
31
3

24
m
on
th
s

1,
01
0

0.
36

(0
.8
2)

99
2

0.
28

(0
.7
4)

0.
09

(¡
0.
01
,0
.1
9)

0.
12

(¡
0.
01
,0
.2
5)

0.
07
9

Sw
ah
ili
pa
ss
ag
e
re
ad
in
g
fl
ue
nc
y
(w
pm

)
9
m
on
th
s

1,
09
6

4.
43

(9
.2
0)

1,
11
2

2.
97

(7
.2
2)

1.
58

(¡
0.
24
,3
.4
1)

0.
22

(¡
0.
03
,0
.4
7)

0.
08
9

0.
01
1

0.
06
5

0.
37

24
m
on
th
s

99
0

16
.8
2
(1
7.
57
)

96
7

14
.5
0
(1
6.
99
)

2.
42

(0
.5
6,
4.
27
)

0.
14

(0
.0
3,
0.
25
)

0.
01
1

18 M. C. H. JUKES ET AL.



Ta
bl
e
5.

(C
on
tin
ue
d
)

In
te
rv
en
tio

n
Co
nt
ro
l

IC
C»

Fo
llo
w
-u
p
tim

e
po
in
t

n
M
ea
n
(S
D
)

n
M
ea
n
(S
D
)

Ad
ju
st
ed

m
ea
n

di
ffe
re
nc
ex

(9
5%

CI
)

St
an
da
rd
iz
ed

ad
ju
st
ed

m
ea
n
di
ffe
re
nc
ex
x(
95
%
CI
)

p
va
lu
e_

TA
C
tu
to
r

zo
ne

Sc
ho
ol

Ch
ild

Sw
ah
ili
pa
ss
ag
e
re
ad
in
g
co
m
pr
eh
en
si
on

(s
co
re
:0
–5
)

9
m
on
th
s

1,
09
7

0.
40

(0
.9
4)

1,
11
2

0.
29

(0
.8
0)

0.
12

(¡
0.
01
,0
.2
6)

0.
15

(¡
0.
02
,0
.3
3)

0.
07
9

0.
01
3

0.
06
2

0.
40
1

24
m
on
th
s

99
2

0.
82

(1
.1
2)

96
8

0.
70

(1
.0
7)

0.
14

(¡
0.
01
,0
.2
8)

0.
13

(0
.0
0,
0.
26
)

0.
05
9

Be
gi
nn

in
g
so
un

ds
(s
co
re
:0
–1
0)

9
m
on
th
s

1,
09
8

6.
66

(2
.3
8)

1,
11
3

6.
32

(2
.4
4)

0.
34

(¡
0.
08
,0
.7
6)

0.
14

(¡
0.
03
,0
.3
1)

0.
11
6

0.
01
9

0.
12
2

N
/A
z

24
m
on
th
sy

N
/A

—
N
/A

—
—

—
—

—
—

—
Re
ce
pt
iv
e
la
ng

ua
ge

(s
co
re
:0
–2
5)

9
m
on
th
s

1,
09
3

20
.3
5
(2
.9
1)

1,
10
7

19
.7
5
(3
.1
6)

0.
62

(0
.0
7,
1.
17
)

0.
19

(0
.0
2,
0.
37
)

0.
02
8

0.
02
8

0.
14
5

N
/A
z

24
m
on
th
sy

N
/A

—
N
/A

—
—

—
—

—
—

—
N
on

lit
er
ac
y
ou

tc
om

es
N
on

ve
rb
al
re
as
on

in
g—

Ra
ve
n’
s
m
at
ric
es

te
st

9
m
on
th
s
(s
co
re
:0
–2
2)

1,
09
7

7.
80

(2
.4
1)

1,
11
6

7.
76

(2
.4
3)

0.
13

(¡
0.
1,
0.
35
)

0.
05

(¡
0.
04
,0
.1
5)

0.
27
3

<
0.
00
1

0.
03
6

0.
09
9

24
m
on
th
s
(s
co
re
:0
–1
2)

1,
00
8

4.
13

(1
.5
7)

99
4

4.
11

(1
.6
1)

0.
09

(¡
0.
15
,0
.3
2)

0.
05

(¡
0.
09
,0
.2
)

0.
47
3

N
um

er
ac
y
(s
co
re
:0
–2
0)̂

9
m
on
th
s

1,
09
6

9.
14

(6
.0
4)

1,
11
3

8.
59

(5
.7
8)

0.
43

(¡
0.
03
,0
.8
9)

0.
07

(¡
0.
01
,0
.1
5)

0.
06
9

<
0.
00
1

0.
03
6

0.
22
6

24
m
on
th
s

1,
00
8

5.
54

(2
.8
3)

99
0

5.
79

(3
.1
6)

¡0
.4
6
(¡

0.
93
,0
.0
1)

¡0
.1
5
(¡

0.
30
,0
.0
0)

0.
05
8

Su
st
ai
ne
d
at
te
nt
io
n
(s
co
re
:0
–2
0)

�

9
m
on
th
s

1,
08
1

8.
53

(3
.4
7)

1,
09
3

8.
41

(3
.9
4)

0.
13

(¡
0.
35
,0
.6
2)

0.
03

(¡
0.
09
,0
.1
6)

0.
58
8

0.
00
3

0.
03
2

0.
14
1

24
m
on
th
s

94
2

13
.4
3
(4
.9
5)

89
3

13
.3
7
(4
.9
9)

0.
06

(¡
0.
45
,0
.5
7)

0.
01

(¡
0.
09
,0
.1
1)

0.
81
9

N
ot
es
.C
I:
co
nfi
de
nc
e
in
te
rv
al
;S
D
:s
ta
nd

ar
d
de
vi
at
io
n;
lp
m
:l
et
te
rs
pe
rm

in
ut
e;
w
pm

:w
or
ds

pe
rm

in
ut
e;
N
/A
:n
ot

ap
pl
ic
ab
le

xm
od
el
-e
st
im
at
ed

m
ea
n
di
ffe
re
nc
e
us
in
g
m
ix
ed
-e
ffe
ct
s
re
gr
es
si
on

m
od
el
w
ith

in
di
ca
to
rt
er
m
s
fo
rf
ol
lo
w
-u
p
tim

e
(2
4
m
on
th
s
vs
.9

m
on
th
s)
,s
tu
dy

ar
m
(in
te
rv
en
tio

n
vs
.c
on
tr
ol
),
an
d
th
ei
ri
nt
er
ac
-

tio
n,
ad
ju
st
ed

fo
rb

as
el
in
e
m
ea
su
re
of
ou
tc
om

e
(o
rp

ro
xy

w
he
re
no
ta
va
ila
bl
e,
an
d
as

no
te
d)
,a
ge

an
d
se
x,
an
d
fo
rd

es
ig
n
fe
at
ur
es

(m
al
ar
ia
in
te
rv
en
tio

n
ar
m
,s
ch
oo
lm

ea
n
ex
am

sc
or
e,
w
ith

ra
n-

do
m
ef
fe
ct
s
fo
rT
AC

tu
to
rz
on
e,
fo
rs
ch
oo
la
nd

fo
rc
hi
ld
to

ac
co
un
tf
or

th
e
re
pe
at
ed

m
ea
su
re
s
on

ea
ch

ch
ild
).

xx
Ef
fe
ct
si
ze
,t
ha
ti
s,
th
e
st
an
da
rd
iz
ed

m
ea
n
di
ffe
re
nc
e,
is
th
e
m
od
el
-e
st
im
at
ed

m
ea
n
di
ffe
re
nc
e
fr
om

th
e
ad
ja
ce
nt

co
lu
m
n
di
vi
de
d
by

th
e
SD

in
th
e
co
nt
ro
lg
ro
up

at
th
e
fo
llo
w
-u
p
tim

e
po
in
t;

_p
va
lu
e
fo
ri
nt
er
ve
nt
io
n
ef
fe
ct
at
ea
ch

fo
llo
w
-u
p
tim

e
po
in
t;

»I
CC

:i
nt
ra
-c
lu
st
er

co
rr
el
at
io
n
co
ef
fi
ci
en
te
st
im
at
ed

fr
om

th
e
m
od
el
;

#p
re
sp
ec
ifi
ed

as
a
pr
im
ar
y
ou
tc
om

e
on
ly
at
th
e
24
-m

on
th

fo
llo
w
-u
p
tim

e
po
in
t;

yn
ot

m
ea
su
re
d
at
24

m
on
th
s;

zn
o
ra
nd

om
ef
fe
ct
fo
rc
hi
ld
as

ou
tc
om

e
m
ea
su
re
d
on
ly
at
9
m
on
th
s;

D
sc
or
ed

0–
22

at
9
m
on
th
s
an
d
sc
or
ed

0–
12

at
24

m
on
th
s;

n̂u
m
er
ac
y
sc
or
e
as

su
m

of
nu

m
be
ri
de
nt
ifi
ca
tio

n
(0
–1
0)
an
d
qu

an
tit
y
di
sc
rim

in
at
io
n
(0
–2
0)
at
ba
se
lin
e
an
d
9
m
on
th
s
an
d
as

w
rit
te
n
nu

m
er
ac
y
at
24

m
on
th
s;

� p
en
ci
lt
ap

at
ba
se
lin
e,
si
ng

le
-d
ig
it
co
de

tr
an
sm

is
si
on

at
9
m
on
th
s
an
d
24

m
on
th
s.

IMPROVING LITERACY INSTRUCTION IN KENYA 19



in passage reading comprehension (scored 0 to 5) at each time point and in both languages,
although only significant in English after 9 months (Adj. MD: 0.11, 95% CI: 0.01, 0.21, p D
0.025).

For the two remaining literacy outcomes of beginning sounds and receptive language,
both measured only at baseline and 9 months, there was evidence of a benefit of the inter-
vention on receptive language only (Adj. MD: 0.62, 95% CI: 0.07, 1.17, p D 0.028). There
was no evidence of benefit of the intervention on any of the nonliteracy outcomes of nonver-
bal reasoning, numeracy, and sustained attention at either follow-up time point. In fact, the
direction of effect on numeracy score at 24 months was negative (Adj. MD: ¡0.46, 95% CI:
¡0.93, 0.01, p D 0.058).

In summary, of the primary endpoints specified we found a significant impact of the
intervention on spelling, Swahili letter sounds, and Swahili word reading (a primary end-
point at 24 months only). There was no effect on English letter knowledge.

Baseline Predictors of Nonresponse by Follow-up Time Point

There was no significant relationship between study arm and nonresponse to the educational
survey at either follow-up time point. At 9 months, 50.2% of nonresponders and 49.5% of
responders were in the intervention arm (p D 0.58). At 24 months, 46.8% of nonresponders
and 50.2% of responders were in the intervention arm (pD 0.29). Baseline predictors of non-
response were slightly different at each follow-up. Children unavailable at 9-month follow-
up were more likely to be children whose parents had no schooling (36.4% vs. 31.2%, p D
0.04), with smaller household size (36.2% vs. 28.3% with 1–5 household members, p D
0.007) and with lower baseline receptive language ability (mean (SD) of 17.6 (4.2) vs. 18.1
(4.1), p D 0.053). Children unavailable at 24-month follow-up were slightly older at baseline
(mean (SD) age of 7.9 (1.8) vs. 7.8 (1.7) years, p D 0.072), from a higher SES household
(with 20.6% vs. 17.7% in the highest SES quintile and 20.8% vs. 23.4% in the lowest SES
quintile, p D 0.05), and of a household less commonly of the predominant Digo language
(41.8% vs. 47.4%, p D 0.004) (see Tables S1 and S2 in the online supplemental material). In
summary, the following six baseline predictors were predictive of nonresponse at either FU1
or FU2: parental education, household size, baseline literacy ability, age, SES, and home lan-
guage. In sensitivity analyses that accounted for nonresponse, we adjusted for all six predic-
tors in the joint model for FU1 and FU2 (see results below).

Sensitivity Analyses

As prespecified in the analysis plan, we perform two sets of sensitivity analyses to understand
how our results would change if some of our assumptions were not valid. First we adjusted
the primary model for additional prespecified baseline variables (SES, language spoken at
home, and preschool attendance) that we anticipated to be predictive of outcomes. Overall,
attenuation of effects was observed, but few marked differences in magnitude or significance
of effects and no marked differences for the primary outcomes were observed (see Table S3
in the online supplemental material). In our second set of sensitivity analyses we assessed
whether our results altered when we accounted for six baseline predictors of nonresponse.
To do this, we added the five additional baseline predictors of nonresponse to the primary
model (age was already included in the primary model) to account for the 11.9%
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nonresponse at 9 months and the 20% nonresponse at 24 months (Tables S1 and S2). This
adjustment did not markedly alter results nor affect our conclusions on the primary out-
comes (Table S3). For example, for spelling scores, Adj. MD of 1.52 (95% CI: 0.98, 2.07, p <
0.001), 1.47 (95% CI: 0.95, 1.99, p < 0.001) and 1.39 (95% CI: 0.90, 1.88, p < 0.001) were
estimated at 9 months for the primary model, for the fully adjusted model (with additional
adjustment for SES, language spoken at home, and preschool attendance) and for the nonre-
sponse model (with additional adjustment for parental education, household size, baseline
literacy ability, SES, and home language), respectively. For secondary outcomes, marked
changes were observed in reported significance due to adjustment for nonresponse for
English words at 24 months (Adj. MD: 1.39, 95% CI: ¡0.04, 2.82, p D 0.057) and for English
comprehension at 24 months (Adj. MD: 0.09, 95% CI: ¡0.01, 0.25, p D 0.053).

Subgroup Analyses

There was no strong evidence of heterogeneity of intervention effect on literacy outcomes for
the prespecified subgroups except for gender. As a result, the only subgroup analyses we
report are by gender. We include all literacy outcomes, even those with no evidence of a
main effect (Table 6). For the two primary outcomes with evidence of a main effect at
9 months (spelling and Swahili letter sounds), there was a gender subgroup effect for spelling
only (p D 0.003) with a larger beneficial effect of the literacy intervention in girls (Adj. MD:
1.93, 95% CI: 1.32, 2.54, p < 0.001) than in boys (Adj. MD: 1.12, 95% CI: 0.52, 1.72, p <

0.001). There were no gender subgroup effects for any of the other primary outcomes at
9 months or at 24 months, although the estimated effect was consistently larger in females
than in males for all four outcomes at 24 months. No subgroup effects were observed for sec-
ondary literacy outcomes at 9 months. At 24 months, greater beneficial effects were observed
for girls in English word identification (p < 0.001), English passage-reading fluency (p D
0.023) and Swahili passage-reading fluency (p D 0.032).

Impact on Teaching and Class Behaviors: Classroom Observations

Table 7 shows the percentage of time each type of classroom observation was recorded over
the two observed classes. The table also shows model-based effect sizes reported in terms of
standardized coefficients (standard deviations). These estimates were modeled controlling
for teacher characteristics—teacher language, years of experience teaching, and education
level—and were modeled at the school level.

As Table 7 shows, the intervention led to much more teaching with written text (effect
sizeD1.15) at the expense of oral presentation (effect sizeD¡0.77) or illustrations and visual
materials that contain no visual text (effect size D ¡0.62). There was a concomitant increase
in reading among students (effect size D 0.69) and a reduction in oral response (effect
size D ¡0.75). Students also spent less time writing (effect size D ¡0.54), which largely
meant less time copying whole words from the board, and more time manipulating objects
(effect size D 0.67), presumably as a result of the letter and word cards developed as part of
the project. In terms of the language part that was the focus of instruction, more time was
spend focusing on letters (effect size D 1.08) and sounds (effect size D 0.57) at the expense
of sentences (effect size D ¡0.62).
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School Dropout

We followed up with headteachers to find out what had happened to children not present in
the school during the assessments. We derived a measure of dropout from their responses
with a conservative definition that excluded children who were chronic absentees, were sick,
had moved to another school, or were absent because of nonpayment of fees. In the literacy
intervention arm, 27 students (2.1%) dropped out in their first two years of school compared
with 68 students (5.3%) in the control arm. The results of logistic regression analysis indicate
that the intervention had a significant impact on school dropout (Odds Ratio [OR] D 0.43,
95% CI: 0.25, 0.74, p D .002). Thus, the fitted odds that an intervention arm member would
drop out were less than one half the odds that a control arm member would do the same
during the study period.

Cost of the Literacy Intervention

We estimated the cost of the literacy intervention for a typical Kenya district with 62 teach-
ers and reaching 3,844 children (including children who received the intervention but were
not included in the evaluation), based on empirical costs collected in the study. (For addi-
tional information on costs, see Dubeck et al., 2015.) The total cost of the modeled district-
level program was US$32,940 (Table 8) or US$531 per teacher and US$8.57 per child. Direct
financial costs comprised 76% of the total cost.

Table 9 presents the cost breakdown by intervention component and resource type. We
can see that three main intervention component contributors to cost were (a) the initial

Table 7. Impact of the literacy intervention on observed classroom behavior.

Materials of instruction
Literacy intervention

(nD51)
Control
(nD50) Difference

Standardized
adjusted effect size

Written 67.5% 53.0% 14.5% 1.15���

Oral 47.8% 52.7% ¡5.0% ¡0.77���

Illustration 6.8% 13.5% ¡6.8% ¡0.62��

Management 5.3% 5.3% 0.0% 0.06
Student behavior
Read 39.1% 28.7% 10.4% 0.75���

Write 22.4% 28.9% ¡6.5% ¡0.54��

Listen 27.8% 29.0% ¡1.2% ¡0.04
Manipulate 13.3% 8.7% 4.5% 0.67���

Oral 20.5% 27.6% ¡7.1% ¡0.75���

Physical response 9.8% 11.5% ¡1.6% ¡0.21
Management 14.5% 15.6% ¡1.1% ¡0.13
Initiate 8.1% 8.5% ¡0.4% ¡0.08
Not engaged 8.7% 9.3% ¡0.6% ¡0.08

Language part
Sounds 1.1% 0.2% 0.9% 0.57��

Letters 4.3% 1.3% 3.0% 1.08���

Word part 4.9% 3.9% 1.1% 0.23
Word 40.7% 40.5% 0.2% 0.09
Sentence 17.4% 28.4% ¡11.0% ¡0.62��

Story, song, poem,
passage

9.4% 5.0% 4.4% 0.33y

Sample sizeD103

yp < .10. �p< .05. ��p < .01. ���p < .001.
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training (32.4%), (b) the teacher materials (28.6%), and (c) the SMS support (20.4%). Con-
sumables were the greatest driver of costs (53.7%).

Acceptability of the Literacy Intervention From the Teachers’ Perspective

During the follow-up trainings, facilitators led a combination of small focus group discus-
sions of 6 to 12 people and individual interviews. We found that classroom materials were
well received and teachers found the weekly text messages to be a good source of new teach-
ing ideas. Teacher perceptions are reported in more detail elsewhere (Dubeck et al., 2015).

Discussion

The main goal of the literacy intervention was to develop teachers’ capacity to improve their
students’ reading achievement. The intervention had a moderate short-term impact on spell-
ing at 9 months. The impact on Swahili letter sounds was large at 9 months and moderate
after 24 months. The lack of effect on English letter knowledge may be because English let-
ters, unlike Swahili letters, were already emphasized in schools. There was a moderate
improvement in Swahili word reading after 24 months. By the end of the second year there
was also a significant impact on English word reading and oral reading fluency in both Swa-
hili and English. The effect sizes for the positive impact on these outcomes range from 0 to
0.64. The larger effect sizes compare favorably to a recent review (McEwan, 2014) of teacher
training interventions in developing countries, the majority of which failed to have a signifi-
cant impact on student outcomes, with only 2 of 77 interventions demonstrating an effect
size greater than 0.5. However, more recent studies in Kenya (Piper et al., 2014) and else-
where (Crouch, 2015, Crouch & DeStefano, 2015; Room to Read, 2016) have consistently

Table 8. Summary of total, direct and indirect cost (US$2010).

Total cost Direct costa Indirect costb

District-level program 32,940 25,049 7,907
Per teacher 531 404 128
Per child 8.57 6.52 2.06
% 76 24

aDirect costs includes all financial expenditure.
bIndirect costs include the opportunity cost of teacher and ministry officials during training and program support.

Table 9. Program costs by resource type and intervention component (US$2010).

Intervention component

Resource
type Manual

Teaching
materials

SMS
support

Initial
training

Follow-up
training

District
admin Total %

Consumables 1,454 8,911 5,596 1,735 — — 17,695 53.7
Personnel 35 195 1,005 3,785 1,954 1,078 8,052 24.4
Transport — 330 — 942 942 — 2,215 6.7
Facility 16 — 107 4,206 349 300 4,979 15.1
TOTAL 1,504 9,437 6,707 10,668 3,246 1,378 32,940
% 4.6 28.6 20.4 32.4 9.9 4.2
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found effect sizes at or above the 0.5 level. These studies have also recorded a greater impact
on oral reading fluency than the 2–3 wpm improvement found in the current study.

The intervention had a larger impact on girls than boys for several literacy outcomes.
Other evaluations have found similar advantages for girls (Brombacher, Stern, Nordstrum,
Cummiskey, & Mulcahy-Dunn, 2015; Piper & Korda, 2011), and the finding is consistent
with evidence of better literacy outcomes for girls across low- and middle-income countries
(Chiu & McBride-Chang, 2006; Grant & Behrman, 2010).

The study found large effects on instructional focus and on the behavior of teachers and
students in class. Teachers were more likely to use written material and to focus on letters
and sounds rather than whole words or sentences. Students spent more time reading text.
The effect sizes for these improvements were large, ranging from 0.57 to 1.15. This result is
important because detailed classroom observations of this kind are rare and data are particu-
larly lacking from experimental studies. The findings demonstrate that significant change in
teacher behavior is possible with relatively little in-person support. The findings are also
important for understanding the mechanism underlying the intervention. This is critical for
assessing the external validity of our findings—for applying the lessons of this evaluation in
other contexts (White, 2009). We argue that our approach should be applied where teachers
currently place little emphasis on students interacting with written text and on breaking
down words into component parts (Dubeck et al., 2012) and that changing these aspects of
teacher behavior are critical for success.

The intervention also reduced school dropout from 5.3% to 2.1%. Related research carried
out in the region (Zuilkowski, Jukes, & Dubeck, 2016) found that school quality was a pri-
mary driver of decisions to drop out of school. It seems likely that more children (and their
families) in the intervention arm decided to continue with their schooling because they were
making greater progress and saw greater potential to prosper in the future. This finding sug-
gests that the problem of school dropout in Kenya could be tackled in part by improving
education quality.

The results of the study broadly support several aspects of our approach to designing an
effective literacy intervention. Our first consideration was to design the intervention around
teaching strategies with a rigorous evidence base showing effectiveness in other contexts.
Our preparatory analysis (Dubeck et al., 2012) showed that several evidence-based strategies
were underutilized by teachers on the Kenya coast. There was insufficient explicit use of text
in teaching and little focus on breaking words into components to support reading or spell-
ing. Our classroom observations indicated that it was these aspects of pedagogy that were
improved the most by the intervention. Interestingly, although the focus on oral language
decreased as a result of the intervention, students’ oral language skills, as measured by the
Swahili vocabulary test, were significantly improved by the new teaching methods
nevertheless.

The second consideration was to implement new instructional methods that built from
teachers’ prior experiences and made connections between current and proposed methods
explicit in all materials. By contrast, attempts to introduce entirely new pedagogical methods
do not gain acceptance by teachers and often fail to change behavior (O’Sullivan, 2004;
Schweisfurth, 2011; Vavrus, 2009). The provision of materials was also critical to successful
adoption of the new approaches. By and large, teachers did not emphasize the use of text in
their instruction before the intervention because they were working with textbooks that also
failed to emphasize the use of text.
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A third consideration involved designing an intervention that could be replicated, scaled
up, and adopted by the government. This was achieved through sustainable methods such as
sourcing the intervention materials locally and including instruction on how to use those
materials to improve beginning reading skills. A crucial component of a scalable intervention
is cost, and this intervention’s cost per child of US$8.57 appears relatively inexpensive com-
pared with a range of other educational interventions (Evans & Ghosh, 2008). This compares
with a cost of $4.42 per pupil ($2.21 per subject) for teaching of English and Swahili in the
Primary Math and Reading (PRIMR) initiative in Kenya (Piper et al., 2014). The lower cost
in the PRIMR intervention likely resulted from its operation at a larger scale than HALI in
terms of number of classes, subjects, and schools and because PRIMR did not account for
indirect costs, which represented about a quarter of costs in the HALI project. A key strategy
to ensure effectiveness at low cost was the use of text messages to support teachers. On the
whole, this strategy was successful. The response rate to text messages was high (an average
of 87%) and teachers told us that they valued the support provided by these messages. They
were successful in creating a sense of community, making teachers feel valued and listened
to, and being an important mechanism for feedback and improvement of the intervention.
This was possible because teachers were given the opportunity to respond to text messages,
and responses were selected for communication to the rest of the group. This contrasts with
many other programs that offer only one-way text communication.

It is perhaps remarkable that such a low-cost intervention should have had a significant
impact on learning. Other research points to the importance of in-person coaching (Piper &
Zuilkowski, 2015), and similar interventions (Piper et al., 2014) typically involve providing
pupil books. The HALI intervention was able to improve student literacy by supplementing
the existing government approach and by using text-message support and locally made
materials rather than in-person coaching and printed books.

Teachers’ perception of the intervention is also important for its scalability. In general,
perceptions were positive. The high response rate to the weekly text message and feedback
through self-report methods such as summary sheets and focus group discussions provided
good insight into successful aspects of the intervention as well as aspects to improve on for
the future. A key concern was the increased time taken to prepare and conduct the interven-
tion lessons compared with the standard curriculum, but it was broadly recognized that the
lessons were popular with the students in terms of increasing engagement and improving
their literacy acquisition.

Teachers’ concerns about the time involved in implementing the provided lessons per-
haps helped explain another result of the study, that there was a borderline effect of reduced
scores on tests of numeracy due to the intervention. It seems plausible that teachers spent
more time teaching literacy at the expense of numeracy because of the intervention. The
HALI intervention was designed as an academic study to evaluate the effectiveness of an evi-
dence-based approach to literacy instruction in Kenya. To develop the intervention into a
program to be implemented by the government would require more integration with and
consideration of other subjects in the government curriculum.

Subsequent to the evaluation of the HALI project the Kenya government evaluated
the PRIMR initiative—a pilot of a comprehensive approach to early-grade instruction
in literacy and mathematics. The pilot adopted the approach of supporting teachers
with text messages and also used instructional principles similar to the HALI project.
On the basis of this successful pilot, the government has introduced a national literacy
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program called Tusome (“let’s read”) to approximately 21,600 public primary schools
and 1,000 low-cost private schools in nonformal settlements with the aim to improve
English and Swahili reading outcomes for 5.4 million Kenyan children in Class 1 and 2
by 2018.

Limitations

One potential limitation of this study is that the evaluation was conducted by the same team
of people that designed the intervention. In order to promote objectivity of the evaluation
we submitted the trial protocol for publication before the study began and submitted statisti-
cal analysis plans with prespecified primary outcomes before data were inspected, and these
plans were scrutinized by an independent data-monitoring committee. As with all new proj-
ects, it is likely that the intervention was managed and implemented with greater expertise
and enthusiasm by the project team than could be expected in subsequent iterations and
scaling up of the intervention.

The study included four primary outcomes and ten secondary outcomes increasing
the likelihood of Type I error, particularly for effects of borderline significance. The
effects of the intervention on spelling at 9 months and Swahili word reading at both
9 and 24 months were highly significant (p <D.001) and less vulnerable to this
concern.

The child response rate was 88.1% and 80.0% at the 9- and 24-month follow-up, respec-
tively (Figure 2). Although this compares favorably with other studies in developing coun-
tries, it leaves open the possibility of bias introduced by differential nonresponse.
Fortunately, there was no differential nonresponse by study arm, and sensitivity analyses
that adjusted for baseline predictors of nonresponse suggest that nonresponse only mini-
mally affected intervention effect estimates.

Contamination is a concern in school-based experiments. We tried to limit contami-
nation by including neighboring schools from the same TAC tutor zone in the same
intervention arm. We also assessed contamination through teacher interviews. Although
a few control school teachers discussed teaching methods with HALI school teachers,
the rate was less than 15% of teachers, and our estimation is that the effect on results
was minimal. If the effect had been substantial, it would have resulted in reduced esti-
mates of treatment effects.

Our method of observing classrooms through unannounced visits provides a lim-
ited account of teachers’ behavior. Our conclusions about which teacher behaviors
were affected by the intervention are still valid, but the effect sizes may not be repre-
sentative of everyday life in the school. If observation made the teachers more consci-
entious, then the results we found may have overstated genuine effect sizes. On the
other hand, if the unannounced visits took place when teachers were unprepared or
the visits made them anxious or antagonistic, our findings could have understated
genuine effect sizes.

In conclusion, this study demonstrates that evidence-based approaches to instruction
can make a significant impact on the literacy development of Kenyan children in the
early grades of primary school and reduced dropout from school. In particular, shifting
instructional focus from oral language to text and from words and sentences to letters
and sounds seems to be important for improving early literacy development. These
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approaches are already being implemented in Kenya. Their cost-effectiveness could per-
haps be improved further by using text messages to support teachers in implementing
new instructional approaches and through the use of locally made materials. Together,
these approaches could form the basis of sustainable and affordable approaches to
addressing the literacy crisis in sub-Saharan Africa.
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