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A B S T R A C T

This study uses data from the Health and Literacy Intervention (HALI) program evaluation, an in-service teacher
training program focused on early grade literacy instruction for class one teachers. We assess how changes in
classroom instructional processes impacted by the HALI teacher training were associated with improved early
literacy outcomes for children. We find that experimentally induced increases in exposure to print—measured
both through changes to time spent reading in class and through print displayed in the classroom—were as-
sociated with improvements in students’ reading fluency and reading comprehension. Implications for global
education efforts to improve learning outcomes are discussed.

1. Introduction

Literacy is more than simply the ability to read and write. Literacy
skills provide the gateway to effectively connecting to, interpreting and
discerning the world in which one lives. In efforts to improve the
education and literacy levels of their populations, countries across Sub-
Saharan Africa have made tremendous strides in increasing school ac-
cess to more children over the past fifteen years (UNESCO, 2015). Yet
literacy levels still remain low across the continent. At around 72%,
sub-Saharan Africa as a region has the lowest youth literacy rate in the
world (UNESCO, 2012). In Kenya specifically, dramatic growth in pri-
mary school enrollment—from 65.4% in 2000 to 84.9 in 2012—has
shown some success, with youth literacy rates increasing slightly from
82.4% in 2007 to 85.8% in 2015 (World Bank, 2017).

Research suggests that despite being in school, a large portion of
children fail to learn functional literacy skills in the first three years of
primary school (Gove and Cvelich, 2010; Uwezo, 2013). With global
education goals shifting from access to school to access to high quality
education and learning (United Nations, 2015), early literacy skills are
critical to ensuring learning and literacy outcomes. While evidence is
starting to accumulate as to what school-based strategies may work to
improve literacy in early grades in sub-Saharan Africa (McEwan, 2015;
Ganimian and Murnane, 2016) and in Kenya in particular (Piper and
Zuilkowski, 2015; Piper et al., 2014; Piper et al., 2016), most studies do
not unpack the mechanisms through which different strategies work (or
do not). Research on which strategies support early literacy learning

have been conducted almost exclusively in high-income countries (e.g.,
Snow et al., 1998; Snow et al., 1995). What specific instructional
strategies are malleable to intervention and promote early literacy
skills, particularly in linguistically diverse contexts in sub-Saharan
Africa? More research is needed on the key elements of successful
programs.

Using data from the Health and Literacy Intervention program
evaluation (HALI; Jukes et al., 2017), this study assesses which key
classroom instructional practices impacted by the program were asso-
ciated with improved student literacy outcomes over the course of one
school year. We assess instructional practices related to the medium of
instruction (i.e., using a written medium), the instructional focus (i.e.,
explicit instruction of letters and sounds, explicit instruction of pho-
nological blending and segmenting), and print exposure (i.e., time spent
reading in class and the display of print in the classroom).

1.1. Instructional practices that promote early literacy skills

A growing literature over the past three decades has enabled a deep
understanding of specific literacy instructional practices that promote
children’s literacy skills. This work has been conducted almost ex-
clusively in high-income countries. However, because of the similarities
across languages of learning the relationship between oral language and
print that represents that language, it may provide a framework from
which to begin to study similar processes in other contexts.

The provision of high-quality literacy instruction is
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multidimensional. In reviewing the literature on effective teaching
practices in early learning classrooms of children ages five to eight, Hall
(2013) discusses the importance of balancing the written form of lan-
guage with its meaning, uses, and purposes. In addition, providing
students opportunities to engage with text – both by reading and
writing – is critical to a host of early literacy skills such as phonological
awareness, word recognition, spelling patterns, vocabulary, punctua-
tion, grammar, and text structure (Topping and Ferguson, 2005; Wray
et al., 2001; Wilkinson and Townsend, 2000; Parr and Limbrick, 2010;
Mazzoli and Gambrell, 2003).

In settings with low-income and ethnically diverse students, effec-
tive teachers devote more time to reading activities (including in-
dependent reading and writing in response to reading) than the mod-
erately and least effective teachers in those same settings (Taylor et al.,
1999, 2000; Taylor and Pearson, 2002; Topping and Ferguson, 2005).
Time spent in reading activities is shown to be particularly beneficial
for poor readers (Mol and Bus, 2011). In addition, successful literacy
practices involve direct teaching of skills that can be applied in reading
and writing. Unlike learning to speak, which children learn through
exposure, reading and writing skills do not happen naturally (Lyon,
1998). And it has been found in meta-analyses and research reviews that
most children benefit from explicit instruction to acquire basic literacy
skills (Lyon, 1998; Stanovich, 2000) followed by systematic practice of
those skills (NICHHD, 2000; Snow et al., 1998). In other words, not
only teaching children word recognition through memorization, but
through teaching students explicit skills to recognize words (e.g.,
blending sounds and syllables; Taylor et al., 2000; Topping and
Ferguson, 2005).

Exposure to print (in addition to time spent reading) is another
critical predictor of literacy skills. A meta-analytic review found that
from infancy through early adulthood, across outcome domains of
reading comprehension and technical reading and spelling, there were
moderate to strong correlations with print exposure (Mol and Bus,
2011). Exposure to print was an important predictor of literacy at all
ages, with an escalating affect for older ages. Specifically, in preschool
and kindergarten, print exposure explained 12% of the variance in oral
language skills, in primary school 13%, in middle school 19%, in high
school 30%, and in college and university 34% (Mol and Bus, 2011).

1.2. The HALI intervention

The HALI intervention focused on two aspects of improving Grade 1
children’s capacity to learn: health (through anti-malarial intervention)
and quality literacy education (through in-service teacher training).
Since there were no impacts of the health intervention on children’s
learning outcomes (Halliday et al., 2014), in this study we focus only on
the literacy intervention. The literacy intervention consisted of three
components: (1) in-service training, which comprised of a 3-day
workshop at the start of the school year that included developmental
theories on literacy acquisition in a subsequent language (i.e., not the
child’s first language) and guided opportunities to learn and use pro-
vided instructional materials, followed by a 1-day problem-solving and
instructional materials development workshop four months after the
commencement of the school year; (2) a manual containing 140 se-
quential, semi-scripted lesson plans for literacy sessions either for Kis-
wahili or English, and (3) weekly interactive text messages providing
brief instructional tips and motivation to implement lesson plans. The
intervention is described in greater detail elsewhere (Dubeck et al.,
2015).

The literacy intervention sought to increase children’s exposure to
print and improve teachers’ instructional practice by building on ef-
fective practices that were already in use locally. For example, Dubeck
et al. (2012) found that during Kiswahili instruction, some teachers
were explicitly teaching the relationship between sounds and syllables.
The HALI intervention sought to expand this practice in Kiswahili and
to encourage explicit blending of sounds in English and in general, to

help teachers use literacy skills in one language to aid literacy acqui-
sition in another. The program also aimed to increase children’s en-
gagement with print by encouraging teachers to use written modes of
instruction during common practices such as song and oral reading, and
providing teachers with opportunities to create materials during the
trainings to increase the amount of print in the classroom.

Main impacts of the program on teaching practices and children’s
early literacy skills are reported in Jukes et al. (2017). This study found
that the literacy intervention improved classroom practices with effect
sizes from 0.57 to 1.15 standard deviations, including greater time
spent using written modes instruction and focusing on letters and
sounds. In addition, the program improved three of four primary
measures of children’s early literacy skills at the end of both the first
and second years of the program with effect sizes ranging from 0.12 to
0.64. The program also reduced student dropout from school from 5.3
to 2.1%. This study builds upon the reports of the direct effects of the
HALI intervention.

1.3. The present study – a multiple mediation analysis

The present study builds on analyses of the direct impacts of the
HALI intervention on classroom instruction and children’s literacy
outcomes reported to assess the relations between specific literacy
practices and early literacy skills. Our analysis is also guided by an
earlier observational study in the region (Dubeck et al., 2012) and
considers both practices that were already in use locally before the
intervention (e.g., connecting sounds and syllables), and practices that
were deficient and encouraged through the intervention (e.g., interac-
tion with text, blending and segmenting letters to form words and
sounds). Using multi-level structural equation modeling (MSEM;
Preacher et al., 2010), we consider the pathways between experimen-
tally induced impacts on classroom literacy instruction and practice on
Kenyan children’s Kiswahili early literacy outcomes (Fig. 1).

This study contributes to the present body of knowledge in a
number of ways. First, while several impact evaluations to improve
students’ academic achievement and literacy outcomes have been
conducted over the last few years in sub-Sahara Africa in general (see
McEwan, 2015 for a meta-analysis) and in Kenya in particular (Piper
et al., 2014, 2016), this is the first to examine the mediating pathways
of experimentally induced classroom instructional practice and learning
outcomes in this context. Second, to our knowledge this is one of the
first studies to assess which specific instructional practices are asso-
ciated with children’s literacy outcomes in Kenya. We guide our ana-
lysis with literature on successful literacy instructional practices that
have been identified in other contexts to assess their applicability to
teaching in the lingua franca of the region (i.e., English and Kiswahili)
in Kenyan schools. The findings allow for more targeted approaches for
training teachers to provide high quality literacy instruction.

2. Methods

2.1. Sampling procedures and participants

Data come from the first school year of the HALI literacy inter-
vention impact evaluation, which occurred between January 2010 and
March 2012 together with a program of screening and treatment for
malaria. The evaluation involved a cluster randomized trial (Brooker
et al., 2010), in which 101 public primary schools were randomly as-
signed to one of four arms receiving either: (i) the malaria intervention
alone; (ii) the literacy intervention alone; (iii) both interventions
combined; or (iv) neither intervention. There was no impact of the
malaria intervention on any literacy outcome (Halliday et al., 2014).
Thus, in this study, as with previous studies (Jukes et al., 2017), we
collapse both treatment arms that received the literacy intervention (ii
and iii) as treatment schools (N=51 schools), and both arms that did
not receive the literacy intervention (i and iv) as the control arm
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(N=50 schools). At the time of the study, schools in Kenya were di-
vided into Teacher Advisory Center (TAC) tutor zones, 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.

At the national level, the study was approved by the Division of
Malaria Control, Ministry of Public Health and Sanitation and the
Ministry of Education. At provincial and 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 and Msambweni. Consent was also sought from school head-
teachers and Teacher Advisory Council (TAC) tutors. Prior to school
randomization, enumeration of children was conducted and school
meetings were held with parents and guardians to explain the study and
seek written informed consent. Children provided verbal informed as-
sent 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).

2.1.1. School and teacher sample
The study was conducted in rural government primary schools in

Kwale and Msambweni districts, approximately 50 km south from
Mombasa on the Kenyan coast. Schools that were more than 70 km
from the project office and those with another literacy intervention
under analysis were excluded, leaving 101 schools, 21 and 80 schools in
Kwale and Msambweni districts respectively. All Grade 1 teachers were
invited to participate in the study. At baseline, each school had one
Grade 1 teacher (i.e., 1 classroom). By follow up, eight schools had split
their Grade 1 class to two streams, resulting in 117 classrooms between
treatment and control. In these instances, every effort was made to train
the new grade 1 teacher in the treatment condition. All treatment
school classrooms were analyzed in the treatment arm, even if the new
teacher was not trained. Classroom observations were not conducted
for three of those classrooms (in one school) due to teacher refusals.
Thus, the present analysis included 114 classrooms in 100 schools. In
our analysis, we include a dummy variable for classrooms in schools
that had more than one first grade class.

2.1.2. Child sample
Children were randomly selected from the class roster. Parents of

participating schools consented to enroll their child in the study at the
community meetings that occurred before the study began. If a child
was chosen whose parents did not give consent, the parents were visited

in their home to obtain consent. It the parent still did not consent, the
child was withdrawn from the study and another child was selected in
his/her place. This only occurred a few times; nearly all parents con-
sented to enroll their child in the study. All participating Grade 1
children were assessed at baseline and 9-months later at the end of the
academic year. The final sample for the present analysis consisted of
2206 Grade 1 children who had outcome measurements at the 9-month
follow-up. Within classrooms, there were 19.5 students, on average
(SD=6.1).

2.2. Measures

2.2.1. Classroom mediators
During the second school term of the evaluation, before the follow-

up outcome measurements, two unannounced visits to each school were
carried out to conduct teacher interviews and observations. In inter-
vention and control schools, an assessor observed English and Kiswahili
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. Classroom scores were averaged
across the two, or three, lessons observed. The classroom environment
was rated on two dimensions: four types of instructional practices and
print display in the classroom.

2.2.1.1. Direct observations. Teachers were observed by trained
assessors. Classroom observers achieved adequate reliability levels on
all classroom dimensions included (see Appendix A Table A1). Assessors
rated teachers on an adapted version of the Classroom Language Arts
Systematic Sampling and Instructional Coding (CLASSIC) classroom
observation tool (Scanlon et al., 2003). Every 90 s a ‘snapshot’ of the
classroom was taken to provide detailed information about student and
teacher behavior in 5 categories. Teachers’ scores were computed as the
proportion of class time when the instructional focus was on a
particular behavior. Teachers’ scores were averaged across both lessons.

The following description summarizes these categories with em-
phasis on behaviors highlighted in our results: (1) 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); (2) the language
part to which the teacher is referring or to which the pupils are at-
tending. These were categorized as story or rhyme, sentence, word,
word part, letter or sound, and in this analysis, we focus on letters or
sounds; (3) the teacher’s specific instructional focus (e.g., the meaning
of the word or phonological segmentation). We focus on time spent
phoneme segmenting and blending (i.e., breaking words down into

Fig. 1. Conceptual Model Testing the Relations of
Experimentally Induced Classroom Changes with
Child Early Literacy Outcomes.
Notes. All tested paths shown. Solid lines indicate
causal paths; dashed lines indicate non-causal paths.
Child age, gender, and baseline score (Level 1) in-
cluded in all paths to child outcomes. All mediators
are correlated. All exogenous variables (i.e., treat-
ment status, child covariates) are correlated.
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individual sounds); (4) the student response or activity. The key student
response category of interest was the proportion of time students spent
reading in class, either out loud, in groups, or individually.

2.2.1.2. Classroom print environment. Observers also rated the
classroom using a classroom inventory checklist developed for this
study to assess the richness of the display of print in the classroom
environment in both English and Kiswahili. Assessors completed a
checklist of how many of 39 different types of print displays, including
a pocket chart and string for displaying print that were provided for
intervention classrooms, were visible in the classroom (e.g., poems or
rhymes displayed English alphabet; Kiswahili alphabet; days of the
week; months of the year; labelled body parts; labelled shapes; maths
numbers written with words). On average, at the classroom level, there
was a mean of 18.5 (SD=10.0) displays of print.

2.2.2. Kiswahili early literacy outcomes
Children’s educational outcomes were assessed at baseline, and at 9

months after baseline. Literacy tests were adapted from the Early Grade
Reading Assessment (EGRA; RTI International, 2009) which has been
widely used in sub-Saharan Africa and elsewhere and from the Pho-
nological Awareness Literacy Screening (Invernizzi et al., 2007). All
tests were conducted at both time-points. We assessed four local lan-
guage literacy outcomes that were impacted by the intervention (Jukes
et al., 2017): Kiswahili letter sounds, Kiswahili word identification,
Kiswahili reading comprehension, and Kiswahili reading fluency.
Table 1 presents descriptives at the nine-month follow-up.

2.2.2.1. Kiswahili letter reading fluency. Children were given 60 s to read
100 letters presented in random order. The Kiswahili alphabet is
presented in lower case and consists of 23 letters and seven digraphs
(e.g., dh, sh) and children give the associated letter sound. The score
was computed as the rate of letters identified correctly per minute. The
task was discontinued if children could not identify a single letter in the
first row of ten letters.

2.2.2.2. Kiswahili word reading fluency. Students were presented with a
table of 50 words typically found in beginning reading materials. The
score is the rate of words read correctly per minute. The task was
discontinued if children could not read a single word in the first row.

2.2.2.3. Kiswahili passage reading fluency. Students read a grade 2 level
narrative passage in Kiswahili. The score was computed as the rate of
words read correctly per 60 s. The task was discontinued if children

could not read a single word in the first row.

2.2.2.4. Kiswahili passage reading comprehension. After the passage
reading fluency assessment, students were asked questions that
corresponded to the text they read. It included four explicit
comprehension and one inferential question. The score was computed
as the total correct out of five.

2.2.2.5. Covariates. Four covariates were included in the models: child
age, gender, and baseline spelling score; and a dummy variable for
classrooms that were in schools with two classrooms.

2.3. Analytic plan

Guided by our theory of change, we analyzed indirect relationships
between treatment status, classroom literacy instructional practice, and
children’s Kiswahili literacy outcomes. We used a multiple mediator,
multilevel structural equation modeling (MSEM) framework as outlined
by Preacher et al. (2010), using a 2-2-1 model where the predictor and
mediators are at level 2 (classroom) and the outcomes are at level 1
(child) (Fig. 1). Given small intra-class correlations (ICCs) at the school-
cluster level (see Table 3), we do not model a third level of nesting.
Similarly, given that only 8 schools each had 2 classrooms, we do not
model this level of nesting. In all models, mediators were correlated
with each other, and all exogenous predictor variables (i.e., treatment
statuts, child covariates) were correlated with each other.

In the analysis in the present study, we examined five potential
classroom mediators. Causal impacts of the intervention on the class-
room mediators were reported in Table 7 in Jukes et al. (2017). Four
represented the proportion of classroom time spent on activities that
have been established to be important to teaching early literacy skills:
focus on letters and sounds, using a written mode of instruction, a focus
on blending/segmenting word parts, and student reading. The fifth was
a measure of the amount of print displays in the classroom. Covariates
were included on all modeled pathways. We followed the approach
recommended by Preacher et al. (2010) and include all five mediators
in the analysis for each outcome. All analyses were conducted in MPlus
version 6.12. For all models, adequate model fit was considered using
the following criteria: a root mean square error of approximation
(RMSEA) of< 0.06 (Hu and Bentler, 1995), a confirmatory fit index
(CFI) of> 0.90 (Bentler, 1990), and the χ2/dfratio, with values be-
tween 1 and 3 reflecting acceptable fit (Arbuckle, 2013).

Table 1
Descriptive statistics of key study variables.

Full sample Treatment Control

M (SD) or%

Classroom mediators (6-months)
Percent of class time observed on letters/sounds 3.2 (4.9) 5.7 (5.5) 0.0 (0.0)
Percent of class time observed using written mode 59.4 (16.0) 67.6 (11.4) 0.5 (0.2)
Percent of class time observed on blending/segmenting 19.5 (16.9) 26.7 (16.6) 0.1 (0.1)
Percent of class time observed with students reading 34.0 (14.1) 39.0 (11.9) 0.3 (0.1)
Print displayed on wall 18.52 (10.03) 21.41 (8.41) 15.69 (10.66)

Primary outcomes (9-months)
Kiswahili letter sounds (lpm) 7.55 (11.48) 10.39 (13.11) 4.78 (8.79)
Kiswahili word identification (wpm) 6.04 (9.37) 7.14 (10.43) 4.98 (8.06)
Kiswahili reading comprehension (0–5) 0.34 (0.87) 0.40 (0.93) 0.29 (0.80)
Kiswahili reading fluency (wpm) 3.68 (8.28) 4.42 (9.98) 2.96 (7.22)

Select child characteristics
Child is male 50.9% 52.2% 49.7%
Child age at baseline 7.83 (1.68) 7.74 (1.67) 7.92 (1.69)
Sample size 2238 1107 1131

Notes. lpm= letters per minute; wpm=words per minute.
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3. Results

3.1. Descriptive Statistics

Descriptive statistics for the full sample, and by treatment and
control arm, are presented in Table 1. Overall, averaged across the
lessons observed in this study, teachers spent time on teaching letters
and sounds (3.2% of class time on average), and on blending/seg-
menting (19.5% of class time on average). Students spent about one-
third of class time reading (34.0% on average), and more than half of
class time using a written mode of instruction (e.g., blackboard or
textbook; 59.4% on average). These five practices were moderately
correlated, with correlations among the four practices ranging from
0.24 to 0.59 (see Table 2).

For child outcomes, we estimated the proportion of variance attri-
butable to classrooms and children (nested in classrooms) by fitting a
linear mixed model for each outcome with no covariates and only a
random intercept for TAC, a random intercept for classroom and a re-
sidual error for students (see Table 3). For three of the four outcomes
(word identification, reading comprehension, and reading fluency),
nearly all (84–90%) of variance in children’s literacy was accounted for
by differences across children, with only approximately one percent of
the variance explained by differences in TACs. Given small intra-class
correlations (ICCs) at the TAC level (see Table 3), we do not model a
third level of nesting in any subsequent analyses, such as the multiple
mediator analyses. For the letter identification outcome, the majority of
variance (65%) was explained by differences across children, 13% by
differences across classrooms, and the remaining 12% by differences
across TAC zones.

3.2. Mediation analysis

We next conducted a multiple mediation analysis to examine whe-
ther observed classroom practices and classroom displays of text
mediated the relation between treatment status and children’s early
literacy outcomes. Results of the SEM model confirmed findings from
Jukes et al. (2017), which used generalized linear modeling: positive
and statistically significant direct relations were found between treat-
ment status and all five classroom processes in each of the models. To
avoid redundancy, we present the results of direct effects of treatment

on classroom processes in the text for the first outcome only. The results
for the remaining four outcomes are all presented in Table 4.

3.2.1. Kiswahili letter sounds
The SEM model testing the relations between treatment status,

classroom processes, and Kiswahili letter sounds was found to have
excellent model fit: χ2(18)= 50.83; RMSEA=0.029; CFI= 0.91;
SRMR Within=0.017; SRMR Between= .066. Standardized coeffi-
cients of the direct paths of this model, as well as the direct and indirect
effects, are presented in the first column of Table 4.

Receipt of treatment status positively impacted: increased class time
on letters and sounds (β=0.49, S.E.= 0.06, p < .001); increased class
time using a written model of instruction (β=0.50, S.E.= 0.07,
p < .001); increased time on blending/segmenting (β=0.39,
S.E.= 0.08, p < .001); increased time spent with students reading
(β=0.36, S.E.= 0.08, p < .001); and a display of more print/text in
the classroom (β=0.30, S.E.= 0.09, p < .001). Treatment status was
still a positive predictor of letter sound knowledge scores in this model
(β=0.19, S.E.= 0.09, p < .05).

In addition to the direct effects, the main interest of this study was
to assess indirect effects among the study variables. There were no
significant relations between classroom processes and Kiswahili letter
sounds, or significant indirect effects between treatment status and
Kiswahili letter sounds.

3.2.2. Kiswahili word identification
The SEM model testing the relations between treatment status,

classroom processes, and Kiswahili word identification was found to
have excellent model fit: χ2(18)= 45.75; RMSEA=0.026; CFI= 0.98;
SRMR Within= 0.017; SRMR Between=.071. Standardized coeffi-
cients of the direct paths of this model, as well as the direct and indirect
effects, are presented in the second column of Table 4. As in the model
described above, treatment status positively impacted all mediating
classroom processes. In addition, treatment status was a marginally
statistically significant predictor of word identification scores in this
model (β=0.15, S.E.= 0.09, p < .10). There were no significant in-
direct effects between treatment status and Kiswahili word identifica-
tion.

3.2.3. Kiswahili reading comprehension
The SEM model testing the relations between treatment status,

classroom processes, and Kiswahili reading comprehension was found
to have excellent model fit: χ2(18)= 49.66; RMSEA=0.028;
CFI= 0.94; SRMR Within=0.017; SRMR Between=0.071.
Standardized coefficients of the direct paths of this model, as well as the
direct and indirect effects, are presented in the third column of Table 4.
As in the model described above, treatment status positively impacted
all mediating classroom processes. Significant and direct relations were
also found between some classroom processes and children’s spelling
scores. Specifically, display of print/text in the classroom was positively
and significantly related to reading comprehension outcomes with a
similar magnitude (β=0.38, S.E.= 0.09, p < .001). In addition, the

Table 2
Bivariate correlations for mediating and dependent variables.

1 2 3 4 5 6 7 8

1 Proportion of class time observed on letters/sounds 1.00
2 Proportion of class time observed using written mode 0.44 1.00
3 Proportion of class time observed on blending/segmenting 0.59 0.55 1.00
4 Proportion of class time observed on with students reading 0.25 0.43 0.24 1.00
5 Print displayed on wall 0.17 0.12 0.01 0.13 1.00
6 Kiswahili letter sounds (lpm) 0.19 0.13 0.09 0.17 0.19 1.00
7 Kiswahili word identification (wpm) 0.10 0.09 0.05 0.11 0.16 0.51 1.00
8 Kiswahili reading comprehension (0–5) 0.05 0.06 0.02 0.11 0.15 0.40 0.79 1.00
9 Kiswahili reading fluency (wpm) 0.06 0.07 0.02 0.12 0.15 0.46 0.90 0.89

Note. Italicized numbers indicated correlation is not statistically significant at p < .05.

Table 3
Intraclass correlations of dependent variables.

Proportion of variance

Child Classroom TAC

Kiswahili Letter Sounds 0.651 0.229 0.120
Kiswahili Word Identification 0.837 0.156 0.007
Kiswahili Reading Comprehension 0.901 0.086 0.013
Kiswahili Reading Fluency 0.872 0.120 0.008

Notes. TAC=Teacher Advisory Centers.
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proportion of time students were reading was positively statistically
significantly related to spelling outcomes (β=0.25, S.E.= 0.08,
p < .01). In this model, treatment status was no longer a significant
direct predictor of reading comprehension.

We next assessed the indirect relations among the study variables.
Given inconsistent mediation findings (i.e., some negative and some
positive indirect effects; see MacKinnon et al., 2007), we follow the
recommendations of Alwin and Hauser (1975) to use the absolute va-
lues of the direct and indirect effects prior to calculating the proportion
mediated. The proportion of class time students read was found to be a
statistically significant mediator, β=0.091, S.E.=0.039, p < .05,
which is 27.5% of the total effects (β=0.331) and 38.7% of the total
indirect effects (β=0.235). In addition, display of print/text in the
classroom was found to be a statistically significant mediator of the
relation between treatment status and children’s Kiswahili reading
comprehension, β=0.114, S.E.=0.045, p < .05. This is 34.4% of the
total effects, and 48.5% of the total indirect effects. Together these two
classroom mediators make up 87.1% of the total indirect effects and
well over half (61.9%) of the total effects of the intervention on Kis-
wahili reading comprehension.

3.2.4. Kiswahili reading fluency
The SEM model testing the relations between treatment status,

classroom processes, and Kiswahili reading fluency was found to have
excellent model fit: χ2(18)=48.09; RMSEA=0.027; CFI=0.96; SRMR
Within= .017; SRMR Between= .072. Standardized coefficients of the
direct paths of this model, as well as the direct and indirect effects, are
presented in the fourth column of Table 4. As in the model described
above, treatment status positively impacted all mediating classroom
processes. In addition, significant and direct relations were also found
between some classroom processes and children’s spelling scores. Spe-
cifically, display of print/text in the classroom was positively and sig-
nificantly related to spelling outcomes with a similar magnitude
(β=0.25, S.E.= 0.09, p < .01). In addition, the proportion of time
student read was positively statistically significantly related to reading

fluency (β=0.17, S.E.= 0.07, p < .05). In this model, treatment status
was no longer a significant direct predictor of reading comprehension.

In addition to the direct effects described above, we assessed indirect
effects among the study variables. The proportion of class time devoted
to students’ reading was found to be a statistically significant mediator,
β=0.060, S.E.=0.031, p < .05, which is 21.0% of the total effects
(β=0.286) and 33.0% of the total indirect effects (β=0.182). In ad-
dition, display of print/text in the classroom was found to be a statisti-
cally significant mediator of the relation between treatment status and
children’s Kiswahili reading comprehension, β=0.076, S.E.=0.037,
p < .05. This is 26.6% of the total effects, and 41.8% of the total indirect
effects. Together these two classroom mediators make up 47.6% of the
total effects of the intervention on Kiswahili reading fluency.

4. Discussion

This study assessed the components of teachers’ instructional prac-
tices that were associated with improvements in class one children’s
early literacy skills in coastal Kenya using data from the HALI program
evaluation. As noted above, the HALI intervention was designed to
improve children’s early literacy skills through increasing children’s
exposure to literacy instructional quality by providing teachers with
specific tools and lessons to incorporate in to their pedagogical practice.
A recent review of in-service teacher training evaluations in LMICs that
shows trainings are more effective if they focus on specific pedagogical
techniques (Popova et al., 2016). As global efforts to provide high
quality education and learning for all children continue, understanding
which pedagogical skills should be targeted when resources are limited
is a critical area where research can inform practice. We provide evi-
dence that the HALI intervention was indeed effective in improving
learning because of specific, observable changes made in the classroom.
Specifically, experimentally induced changes in children’s exposure to
print (both through increased time spent reading and the classroom
print environment) measured mid-way through the school year were
associated with improvements in children’s early literacy skills at the

Table 4
SEM Standardized Coefficients and Direct and Indirect Effects.

Letter ID Word ID Comprehension Fluency

Coeff (S.E.) Coeff (S.E.) Coeff (S.E.) Coeff (S.E.)

Path coefficients
Within-level (L2)
Intervention→Written mode 0.498 (0.065) *** 0.499 (0.064) *** 0.499 (0.064) *** 0.499 (0.064) ***
Intervention→ Blending/segmenting 0.386 (0.084) *** 0.389 (0.083) *** 0.389 (0.083) *** 0.389 (0.083) ***
Intervention→ Letters/sounds 0.488 (0.062) *** 0.488 (0.062) *** 0.488 (0.062) *** 0.361 (0.096) ***
Intervention→ Student reading time 0.363 (0.084) *** 0.362 (0.095) *** 0.362 (0.095) *** 0.361 (0.096) ***
Intervention→ Print displayed 0.304 (0.086) *** 0.304 (0.086) *** 0.304 (0.086) *** 0.304 (0.086) ***

Between-level
Written mode→Outcome −0.040 (0.079) −0.009 0.077 −0.030 0.094 −0.044 0.081
Blending/segmenting→Outcome −0.149 (0.105) −0.016 0.069 −0.011 0.123 −0.016 0.088
Letters/sounds→Outcome 0.137 (0.082) + 0.053 (0.089) −0.022 0.107 −0.038 0.088
Student reading time→Outcome 0.085 (0.085) 0.042 (0.068) 0.251 (0.081) ** 0.165 (0.068) *
Print displayed→Outcome 0.049 (0.070) 0.111 (0.080) 0.376 (0.093) *** 0.251 (0.089) **
Intervention→Outcome 0.188 (0.088) * 0.145 (0.089) + −0.096 (0.133) 0.104 (0.105)

Direct and Indirect Effects
Total 0.224 (0.077) ** 0.209 (0.080) ** 0.079 (0.128) 0.194 (0.091) *
Total indirect 0.035 (0.056) 0.064 (0.057) 0.176 (0.074) * 0.089 (0.063)

Specific indirect
Intervention→Written mode→Outcome −0.020 (0.040) −0.004 (0.038) −0.015 (0.047) −0.022 (0.040)
Intervention→ Blending/segmenting→Outcome −0.058 (0.042) −0.006 (0.027) −0.004 (0.047) −0.006 (0.035)
Intervention→ Letters/sounds→Outcome 0.067 (0.043) 0.026 (0.044) −0.011 (0.052) −0.018 (0.043)
Intervention→ Student reading time→Outcome 0.031 (0.031) 0.015 (0.026) 0.091 (0.039) * 0.060 (0.031) *
Intervention→ Print displayed→Outcome 0.015 (0.021) 0.034 (0.027) 0.114 (0.045) * 0.076 (0.037) *

Direct
Intervention→Outcome 0.188 (0.088) * 0.145 (0.088) + −0.096 (0.133) 0.104 (0.105)

Notes: +p < .10, * p < .05, **p < .01.
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end of the year.
A question that arises is why experimentally induced changes to the

other hypothesized classroom mediators − time spent in class on pho-
neme blending/segment, teaching letters and sounds, and using a written
mode of instruction − were not predictive of children’s early learning
outcomes. These are considered important teaching practices to promote
early learning skills (Hall, 2013). But these may be important only to the
extent that they are implemented with high quality (e.g., LaParo et al.,
2009). It is possible that while the intervention increased the quantity of
time teachers spent on these practices, it did not improve the quality of
instruction. Thus, while teachers focused more on these key areas as a
result of the intervention, they might not have done so in a way that
promoted learning. The two significantly predictive mediators of time
spent reading and exposure to print are more student-directed and less
dependent on high quality instruction. Notably, these are two aspects of
instructional practice that were found to be lacking in classrooms in the
region before the intervention (Dubeck et al., 2012). If this is the case, it
suggests that teachers need more ongoing support, in addition to three
days of training, semi-scripted lessons and weekly text message support,
in order to improve the quality, and not just the quantity, of their in-
structional practice. Research in the United States points to the promising
role of in-class monitoring and coaching in promoting improvements to
teaching quality (Allen et al., 2011). And indeed, a few recent studies
indicate that this approach holds promise in sub-Saharan Africa as well.
Integrating coaching to teacher in-service support in Kenya showed
teacher coaching improved children’s literacy outcomes, and was more
effective when coaches had fewer schools to cover. The USAID Early
Grade Reading Assessment (EGRA) Plus: Liberia program showed large
impacts of student achievement of coach-to-school ratios of 4:1 and saw
large impacts on student achievement (Piper and Korda, 2011). Another
recent study in pre-primary education in Ghana found that in-service
teacher training paired with coaching and monitoring by district edu-
cation staff had moderately sized impacts on observed teacher-child in-
teraction quality, as well as small impact on children’s learning outcomes
(Wolf et al., 2017). Finding ways to provide such supports for teachers
within existing systems – for example, through the local government
education sector – may be one way to improve teaching quality.

This study provides applicable tools for future educational research
on teacher training. First, while observations of instructional practice
and teacher-child interactions is an intensive process, the checklist
measure of the classroom print environment is a simple tool to both
adapt and to use reliably to capture meaningful classroom differences.
What is needed is simply familiarity with the types of classroom ma-
terials that are used in a particular context for literacy instruction.
Second, using multiple mediation methods, as employed in this study,
allows for the assessment of multiple changes to the classroom en-
vironment to be examined simultaneously as they relate to children’s
learning outcomes. Future education intervention research should

hypothesize and collect data on classroom mediators to understand key
mechanisms of change. This type of research is necessary for replic-
ability and scalability of successful programs.

This study has limitations that must be considered when inter-
preting the results. The first is the skewed distributions of the media-
tor’s variables. Specifically, the proportion of class time spent on letters
and sounds was very small − around three percent. While there were
treatment impacts on this dimension of the classroom environment, the
variation in this mediating variable was extremely limited. The other
four mediators were observed with more variability across classrooms,
and none of these four were statistically skewed. Second, we are limited
in our ability to draw causal inferences between the classroom media-
tors and children’s outcomes. While the intervention was randomized,
and thus causal claims can be made regarding changes in the classroom
environment, our conclusions about the relations between changes in
classrooms and children’s early literacy outcomes are purely de-
scriptive.

5. Conclusions

While education spending levels and enrollment rates in schools
have increased across the developing world, a variety of research stu-
dies and datasets show that learning levels remain low. A recent surge
in rigorous education research has shed light on possible interventions
and policies that could be employed to improve teaching and learning.
This study demonstrates how an evidence-based approach to instruction
can make a significant impact on the literacy development of Kenyan
children in the early grades of primary school by unpacking key
changes to teachers’ practice. This focus on unpacking of mechanisms of
action is critical for applying the lessons of this evaluation in other
contexts (White, 2009), and it is important that future research in other
settings assess pathways of influence in addition to main impacts to
continue to build the evidence base of both “what works” and “how”.

While this study was conducted in coastal districts in Kenya, the
findings may be applicable to other contexts facing similar challenges in
literacy instruction where teachers currently place little emphasis on
students interacting with written text. While global efforts to train and
support teachers and improve high quality education and literacy skills
have increased, scarce resources must be targeted to the key education
levers that promote learning. This study points to the importance of
children’s exposure to print as one of those key levers, and suggests that
training teachers to support children’s interaction with text (both actively
and passively by displaying text in the classroom) is of central im-
portance in areas where children have little interaction with text. Future
teacher training programs, that focus on teacher classroom behaviors,
should consider adding a component on exposure to print. Additional
research should be conducted to guide the allocation of resources to
support high quality teaching practice and learning for all children.

Appendix A

Table A1
Inter-rater reliability for classroom observation of behaviors

Fleiss Kappa Reliability levela

Proportion of class time observed on letters/
sounds

0.45 Fair

Proportion of class time observed using written
mode

0.78 Moderate

Proportion of class time observed blending/
segmenting

0.45 Fair

Proportion of class time observed with students
reading

0.88 Substantial

Note. Inter-rater reliability for observation of behaviors in 10 classes by 10 raters.
a See Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical data. Biometrics, 33, 159–174.
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