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Background. Despite the fact that literacy instruction is a main focus of primary

education, many children struggle to meet nationally set standards.

Aims. We aimed to test which components of a comprehensive reading programme

(ABRACADABRA: https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%

2Fdoi.org%2F10.1186%2FISRCTN18254678&data=04%7C01%7Cjanet.vousden%

40ntu.ac.uk%7C880280e0b00749df855308d94068a0bb%7C8acbc2c5c8ed42c78169ba

438a0dbe2f%7C1%7C0%7C637611640381216902%7CUnknown%7CTWFpbGZsb3d

8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%

7C1000&sdata=%2B4U9sGfofkyCPEY7lWz8n3TPoMOAeJMXyFwdhW6EpUw%

3D&reserved=0) mediated the effect of the programme on nationally assessed literacy

outcomes.

Sample. Following blind allocation, 516 Year 1 pupils from40 schoolswere randomized

to the programme group, and 908 Year 1 pupils, to a control condition.

Methods. Pupils in the programme completed 20 weeks of instruction in grapheme/-

phoneme knowledge, decoding, and comprehension. Control children received regular

classroom instruction.

Results. Children in the programme groupwere significantly better at these taught skills

after the programme finished (effect sizes: grapheme/phoneme knowledge, b = .33, 95%

CI [0.09–0.57]; decoding, b = .26, 95%CI [0.09–0.43]; and comprehension, b = .26, 95%

CI [0.05–0.47]). Improvements in the programme group’s decoding and comprehension

skills fullymediated the improvements in national literacy assessments serving as a delayed

post-test 12 months after the programme. Programme group pupils were 2.3 (95% CI

[1.4–4.1]) times more likely to achieve/exceed the expected standard in reading, and 1.8

(95% CI [1.2–2.6]) times more likely to achieve/exceed the expected standard in writing

due to an increase in the trained skills.
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Conclusions. These results provide strong evidence that a programme that incorpo-

rates decoding and comprehension instruction for typically developing beginning readers

improves distal educational outcomes in reading and writing through increasing

proficiencies targeted by the reading programme.

Oneof themain objectives for primary or elementary school education is pupils being able

to read and write to a level that will enable them to access other areas of the curriculum

within secondary education and beyond. Globally, there is still much work to be done. In
the 2018 Organisation for Economic Co-operation and Development (OECD) Programme

for International Student Assessment (PISA) results, 34 countries showed no improve-

ment or a decline in reading standards over a three-year period compared with only 15

countries that showed an improvement; almost one in four children in theOECD counties

were unable to read proficiently for learning (Schleicher, 2019). In England, where the

present work is situated, of the subjects assessed after the first three years in primary

education (known as Key Stage 1; reading, writing, science, and mathematics), reading

andwriting have the smallest proportion of children performing at or above the expected
standard. Data from 2019 showed that 25% and 31% of children did not achieve the

expected standard in teacher-assessed reading and writing at Key Stage 1, respectively

(Department for Education, 2019). One way in which literacy outcomes could be

improved is through effective interventions at an early age. One such programme is the

Year 1 reading programme, which has been shown to be effective at improving Key Stage

1 outcomes for reading andwriting (Johnson et al., 2019). In the current paper, we assess

the reasons behind the effectiveness of this programme by investigating the skills, which

mediated the link between participation in the programme and Key Stage 1 outcomes. In
doing so, we establish the roles of decoding and comprehension to explain causal links

between instruction and outcomes.

Much of the focus in early literacy in England is on decoding skills (Rose, 2006);

children need these skills to be able to read words aloud and spell them. Less emphasis is

placed on text comprehension at this point, even though higher level skills and

knowledge such as structural knowledge and inferencing form part of Key Stage reading

assessments (Department for Education, 2018). This paper presents the results of theYear

1 reading programme, which teaches primary aged children (aged 5–6 years) reading
comprehension skills and decoding level skills. Our aim is to determine whether the

previously observed positive effects of the reading programmeonKey Stage 1 reading and

writing assessments can be reliably attributed to an increase in both decoding and

comprehension abilities, as targeted by the programme.

Research has shown phonics to be an effective method for most children to learn to

read (Castles, Rastle, & Nation, 2018; Ehri, 2020; Ehri, Nunes, Stahl, & Willows, 2001).

Phonics teaching focuses on the systematic relationships that exist between print and

sound (letter-sound knowledge, LSK) and the associated oral skills necessary to turn print
into sound (phonological awareness, PA). PA is strongly associated with reading, with

evidence suggesting a causal role in predicting later reading ability (Hulme, Bowyer-

Crane, Carroll, Duff, & Snowling, 2012; Melby-Lerv�ag, Lyster, & Hulme, 2012; Muter,

Hulme, Snowling, & Stevenson, 2004). Early knowledge of letter sounds and names is also

a strong predictor of later reading ability (Hulme & Snowling, 2013; Schatschneider,

Fletcher, Francis, Carlson, & Foorman, 2004). Phonics-based programmes have been

shown to be effective for teaching reading (Ehri, 2020; Ehri et al., 2001; Stuart, 1999;

Torgerson, Brooks, Gascoine, & Higgins, 2019) although the effects of training skills in
isolation can be small (Piasta & Wagner, 2010). PA and LSK seem inextricably linked

2 Janet I. Vousden et al.



(Castles & Coltheart, 2004), with Byrne and Fielding-Barnsley (1989, 1991) finding

evidence that both are needed for children to read, and Hatcher, Hulme, and Snowling

(2004) showing that PA training is most effective when combined with LSK training (see

also Savage et al., 2020; Yeung & Savage, 2020). In summary, for decoding at least, the
evidence suggests it is important to train both components within the same programme.

However, it is important both theoretically and from a pedagogical perspective, to

demonstrate that the effectiveness of a reading programme is due to gains in the

component skills and knowledge delivered within the programme rather than other

potential sources of influence. RCTs of interventions coupled with mediation models are

amongst the strongest evidence of causality currently available in the social sciences. For

example, Hulme et al. (2012) used a mediation model to demonstrate the roles played by

the components of a reading intervention for primary school children with weak oral
language skills (Bowyer-Crane et al., 2008). Hulme et al. (2012) showed that an increase in

a combined reading and spelling literacy outcome was mediated by gains in LSK and PA

skills taught to the intervention group. This is a useful approach for disentangling the

likely pathways through which instructional programmes achieve their outcomes,

especially when programmes contain multiple components. Additionally, this is

important because it demonstrates that the impact achieved by the programme is related

to the programme content, rather than due to other untested variables.

While much research has been conducted on phonics in early reading, there are fewer
reading comprehension interventions for early readers (Castles et al., 2018). Reading

comprehension is a highly complex process that requires a certain level of decoding

ability to be in place first, and this is not always demonstrable in early readers. The

literature shows that comprehension is a complex cognitive process, best facilitated

through a multitude of approaches (Language and Reading Research Consortium , Logan

(LARRC), 2019; National Institute of Child Health & Human Development, 2000) both at

single-word and at textual levels. At the single-word level, vocabulary is strongly linked to

comprehension, with vocabulary instruction often yielding positive effects on reading
comprehension (e.g., Elleman, Lindo, Morphy, & Compton, 2009). At a textual level, a

range of diverse skills such as comprehensionmonitoring (e.g., Justice et al., 2017;Oakhill

& Cain, 2012), collaborative learning (e.g., Clarke, Snowling, Truelove, & Hulme, 2010),

and story structure (e.g., Cain, Oakhill, & Bryant, 2004; Oakhill & Cain, 2012) all help to

improve reading comprehension. Outcomes are more likely to be positive if these

techniques are combined rather than taught in isolation (National Institute of ChildHealth

&HumanDevelopment, 2000). Therefore, one option is is to teach early readers a range of

comprehension techniques in combination with decoding skills within the same
intervention. This was the case for the Year 1 reading programme, which taught the

two skills in parallel. However, it is not yet known whether the reason why it was

successful was due to improvements in decoding and comprehension skills specifically.

Comprehension often incorporates higher-order skills concerned with structural

aspects of text (e.g., identifying key parts of a text for summarizing).Writing also draws on

structural aspects of texts due to its compositional nature (Berninger et al., 2002; Kim &

Schatschneider, 2017). It is thus not surprising then that some skills associated with

reading comprehension such as comprehension monitoring (Limpo, Alves, & Fidalgo,
2014), summarizing (Mason, Snyder, Sukhram, & Kedem, 2006), vocabulary (Savage,

Kozakewich, Genesee, Erdos, &Haigh, 2017), and story structure (Arrimada, Torrance, &

Fidalgo, 2019; Pinto, Tarchi, & Bigozzi, 2016; Spencer & Petersen, 2018) also benefit

writing. Increasing reading comprehension ability through instruction in these skills

therefore should also confer benefits on writing ability.

Instruction and outcomes: A mediation analysis 3



Teaching comprehension and decoding skills together are important for early readers,

as bothhave been shown tobepredictive of reading ability froma young age. For example,

Whitehurst and Lonigan (1998) suggested two interdependent sets of skills are involved in

conventional literacy ability: both ‘inside-out’ skills, which broadly encompass the
requisite skills for decoding, including PA and LSK skills; and ‘outside-in’ skills, which

relate to understanding the context ofwritten text, including narrative understanding and

conceptual skills. Although the inside-out skills were stronger predictors of early reading,

outside-in skills such as vocabulary clearly contributed both directly and indirectly to

reading in the first and second grade as well (Whitehurst & Lonigan, 1998).

In line with the influential simple view of reading (Gough & Tunmer, 1986), recent

evidence suggests that reading comprehension is dependent on both decoding and oral

language skills (Lerv�ag, Hulme, & Melby-Lerv�ag, 2018; Lonigan, Burgess, & Schatschnei-
der, 2018). Consistent with this, improving reading comprehension in young readers can

be achieved through improving oral language (e.g., Oakhill, Cain, & Bryant, 2003). For

example, multicomponent oral language interventions have been successful at boosting

reading comprehension in children aged 7–9 years (Language and Reading Research

Consortium (LARRC) et al., 2019; Williams, Brooke, Lauer, Hall, & Pollini, 2009; Williams

et al., 2014). However, despite theoretical reasons to introduce comprehension activities

from the start of reading instruction, few high-quality RCT interventions have focused on

beginning readers (i.e., younger than age 7; see Rogde, Hagen, Melby-Lerv�ag, & Lerv�ag,
2019, for a recent meta-analytic review). Where researchers have done so they have not

involved the training of large numbers of regular Year 1 (roughly equivalent to grade 1)

classroom teachers, and are often limited to interventionwork for childrenwith poor oral

language or literacy skills (Bowyer-Crane et al., 2008; Clarke et al., 2010; Edmonds et al.,

2009; Scammacca, Roberts, Vaughn, & Stuebing, 2015).

The Year 1 reading programme drew on reading activities from ABRACADABRA (A

BalancedReadingApproach forCanadiansDesigned toAchieve Best Results for All, ABRA;

Abrami et al., 2010), which has been trialled internationally with consistently positive
results (Abrami, Lysenko, & Borokhovski, 2020; McNally et al., 2016; Bailey, Arciuli, &

Stancliffe, 2017; Savage, Abrami, Abrami, Hipps, & Deault, 2009; Savage et al., 2010).

These include both small-scale trials on beginning readers with a trained student research

assistant (RA) teacher (Savage, Abrami, et al., 2009), and larger trials with trained teachers

instead of student RAs (Savage et al., 2013). While studies such as these are promising

demonstrations of improvements in both phonic and comprehension skills within the

same intervention, it is not clear whether or how these skills might contribute to distal

educational literacy outcomes, nor whether they scale upwith trained wider school staff,
such as teaching assistants. The present study thus represents progression from

demonstrations of internal validity of programmes to external validity via scaled-up

studies with trained school staff, educationally important outcomes, and robust intention

to treat designs. In the present study, we combine an RCT of the Year 1 reading

programme with a mediation analysis, to assess which parts of the programme affect

performance in Key Stage 1 national literacy assessments in reading and writing. This

approach provides strong support for causal explanations of trained skills and a possible

model for future scale-up.

The current study

The aim of the current study was to understand which of the taught skills and knowledge

in the Year 1 reading programme (McNally et al., 2016; Johnson et al., 2019) mediated the
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effects on pupils’ teacher-assessed Key Stage 1 literacy outcomes a year after the

programme finished. Children in the programme group were found to have better

outcomes for reading and writing, but it is not clear to what extent this result is

attributable to improvements in skills and knowledge taught within the programme:
grapheme–phoneme knowledge, decoding, comprehension, or a combination of all

three. We present a new analysis of the data from the original study of McNally et al.

(2016), using structuralmediationmodels to examine the indirect and direct effects of the

reading programme and its component parts on Key Stage 1 outcomes.

Method

Design

This study is a pre-test–post-test RCT design that took place over one academic year and

proceeded according to an intention-to-treat protocol that was agreed before the study

began (registered on the ISRCTN website, https://doi.org/10.1186/ISRCTN18254678).

Randomization of pupils was a two-stage process. First, schools were matched on

school administrative data (size of the relevant year group, average point score from

teacher assessments of children aged 7 in school,1 and the percentage of pupils eligible for
free schoolmeals) as this increases the power of the RCT (Spybrook et al., 2011). Matched

schoolswere randomly allocated to either the treatment or the control group. Pupils in the

control group of schools continuedwith their regular classroom teaching. Second, pupils

in the treated group of schools were randomly allocated to one of three groups: (1)

control, (2) Web-based programme, and (3) non-Web-based programme, although the

Web and non-Web-based programmes were collapsed for this study. For the purpose of

this study, the control children in treated schools were excluded from the analysis

because the original evaluation showed spillover effects (McNally et al., 2016). However,
therewere no spillover effects at delayed post-test in the original study, and thus, there are

no threats to internal validity in the current design. Our two comparison groups for this

study were pupils in control schools and children in either programme group.

Participants

Schools

All eligible non-selective primary schools in the Midlands region in the United Kingdom

were invited to participate in the study. Fifty schools were recruited under these

conditions.

Five schools assigned to the treatment group dropped out. As we were interested in
themechanisms in the programme responsible for the outcomes,we excluded any school

that dropped out and did not complete the programme.2 Both the dropped-out schools

and their randomization pair were excluded from the analysis (N = 10). This left 40

schools for analysis. School characteristics in terms of staffing and pupil intake are

described in the Supporting Information. There were no differences between the forty

schools retained for analysis and the 10 schools excluded from analysis in this respect.

1 This was based on the average point score at the end of the first Key Stage (1) at age 7.
2 Three schools dropped out immediately after randomization, one dropped out less than 5 weeks into the programme, and one
school dropped out less than halfway through the programme.
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Pupils

All children in the relevant year group from signed-up schools were selected for

participation, regardless of ability, unless the pupil’s guardian withdrew them from the

study. Of the 1,721 children in the 40 schools, 282were in the control group in the treated
schools and were removed from analysis (see earlier), leaving 1,439 children (N = 520 in

theprogrammegroupandN = 919 inthecontrolgroup)across the40schools.Theaverage

age of participating pupilswas 5 years and 6 months (N = 733 female andN = 706male).

Attrition. Pupils were assessed at three time points: Time 1 (T1, pre-test, at the

beginning of Year 1 in the autumn term); Time 2 (T2, post-test; within one month of the

programme end, at the end of Year 1 in the summer term); and Time 3 (T3, delayed post-
test; one year after the programme had concluded, at the end of Year 2 in the summer

term). Of the sample of 1,439 children tested at T1, 1380 were also tested at T2 (T1-T2

attrition of 4.1%), and 1,364were tested at T3 aswell, and hadKey Stage 1 data available at

T3 (T2-T3 attrition of 1.2%). Themain reason for attrition between T1 and T2wasmoving

school. SomeKey Stage 1 datawere unavailable from theNational Pupil Database (NPD) at

T3, accounting for the T2-T3 attrition.

Procedure

The Year 1 reading programme

Content. The programme was developed to supplement the national curriculum in

literacy in England (UK) for children in their second year of formal schooling (Year 1). It

consisted of a comprehensive range of short activities to support decoding (both

sublexical grapheme–phoneme knowledge and word reading), fluency, and comprehen-
sion, practised alongside real stories (e.g., Aesops Fables), and is summarized in the

Supporting Information.

Delivery. The programme was delivered four times a week over a 20-week period from

November to May of Year 1. Each session lasted 15 min and was conducted in small

groups of four pupils, totalling 20 h of programme time. Sessions did not replace the core

literacy provision of the school and instead were conducted during lessons in which
pupils would normally be doing something related to literacy, for example, topic work

(where pupils learn through reading and writing about topics linked to the curriculum,

such as history through heroes and heroines) or guided reading. This balanced the total

amount of literacy instruction received by treatment and control groups. Sessions were

led by a trained teaching assistant (TA). Details of TA characteristics can be found in the

Supporting Information.

Two versions of the programme were delivered: A Web-based version was delivered

on laptops using ABRA software (Abrami et al., 2010), and a non-Web-based version was
delivered with paper materials. The versions were closely matched, and the same lesson

plans were used.3 The original evaluation showed that both delivery methods were

3 Vocabulary was slightly different.Web-based groups read two example sentences for a new vocabulary word and then did a two-
way forced-choice test on a further two example sentences, one right and one wrong. The non-Web-based vocabulary activity
asked children to suggest words relating to the new vocabulary word (creating a semantic network).
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associated with a positive effect for Key Stage 1 reading and writing, with no significant

difference between them (McNally et al., 2016; Johnson et al., 2019). We therefore

collapsed across delivery method for this study, to evaluate the effect of the pedagogy of

the programme itself, rather than the delivery medium, against a control group.

Training. Teaching assistants (TAs) already in post at participating schools attended

one and a half day’s training with the programme delivery team, where they were trained

how to deliver the programme. Once the programme had started, TAs received ‘just-in-

time’ support from the delivery team via email or phone as andwhen they requested help

throughout the duration of the programme. Training was evaluated by an independent

evaluation team, and the TAs received two on-site visits from the delivery team to assess
treatment integrity. Further details about training and treatment integritymeasures can be

found in the Supporting Information.

Measures

Reliability data are presented in Table 1.

Early Years Foundation Stage Profile (Time 1)

General ability at baselinewasmeasured by the Early Years Foundation Stage Profile Good

Level of Development (FSP_GLD). The profile is teacher-assessed at the end of the first

year of formal schooling (at age 5) andmeasures attainment against expected levels in five

areas: communication and language, physical development, personal social and

emotional development, literacy, and mathematical development (Standards & Testing

Agency, 2013). The FSP_GLD variable reported by schools is dichotomous, indicating

whether pupils have 0 (not achieved the expected level) or 1 (achieved or exceeded the
expected level) in all five key areas of development (see the Supporting Information for

further information).

Disadvantage (Time 1)

Pupil disadvantagewasmeasured according towhether participating pupils were eligible

for free school meals (FSM) in school on a census day in the school year, and this measure

was used as a covariate. FSM data were obtained from the NPD.

Grapheme- and phoneme-level knowledge (Time 1 and Time 2)

Phoneme-level knowledge was measured by the phoneme segmentation subtask of the

Pre-Reading Inventory of Phonological Awareness (PIPA; Dodd, Crosbie, McIntosh,

Teizel, & Ozanne, 2000). Children were instructed to use plastic counters to indicate the

number of phonemes in 12 spoken words. Robust procedures and data for content,

concurrent, criterion-related, and construct validity are reported in the PIPA manual.
Letter-sound knowledge was measured using the Letter-Sound Test (LeST, Larsen,

Kohnen,Nickels, &McArthur, 2015) at Time 1 andTime2.Graphemeswere presented 13

to a sheet, and children were asked to provide the sound for each grapheme. There were

25 single letters and 26 digraphs in total. There was no stopping rule. Good criterion

validity is reported for LeST (Larsen et al., 2015).

Instruction and outcomes: A mediation analysis 7
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Decoding (Time 1 and Time 2)

Single-word reading was measured using the Diagnostic Test of Word Reading (DTWRP;

Forum for Research in Literacy & Langauge, 2012). Children were asked to read aloud

words presented on a sheet. Children read from three subtests, which included 30 words
each; regular words, exception words, and pseudowords. Reading from each subtest was

stopped after five consecutive errors. Robust procedures for concurrent validity are

reported in the DTWRP manual.

Vocabulary (Time 1 and Time 2)

The British Picture Vocabulary Test (BPVS 3; Dunn & Dunn, 2009) is a test of receptive

vocabulary and was administered individually to pupils. Pupils were asked to indicate
which of four pictures best matched a spoken word. A robust validation process is

reported in the BPVS manual.

Comprehension (Time 1 and Time 2)

Comprehensionwasmeasured using the comprehension subcomponents of the Progress

in Reading Assessment (PiRA; McCarty & Ruttle, 2010). PiRA measures decoding and

comprehension skills with three subcomponents – decoding (including phonics), literal
comprehension, and reading for meaning (inference and prediction). There are three

different PiRA test papers for each year group (one per term), designed to be

approximately matched to the national curriculum. Pupils took the Autumn Term Test

at Time 1 and the Summer Term Test at Time 2. Pupils were assessed in groups of 3–4
under the supervision of an RA. RAs instructed each group throughout the test, but pupils

completed the test booklets on their own. In the present study, we use only the results of

the literal and inferential components of the PiRA. Criteria for reporting validity are

presented in the PiRA manual.

English national assessments in reading and writing (Key Stage 1 literacy assessments, Time 3)

At the end of Key Stage 1 (the third year of formal schooling when the child turns 7),

teachers submit a judgement on the reading and writing attainment of each child in their

class. Thesewere our outcome variables in this study andwere collected one year after the

programme. In the current study, the data were dichotomized such that children were

either 0 (working towards) or 1 (working at or working at greater depth), the expected
standard. This was done in order to reflect the greater educational relevance of predicting

which children and why did not achieve/achieved a minimum standard versus qualifying

this standard into multiple levels.

The Key Stage 1 teacher assessments are administered according to a standardized

framework of ‘pupil can’ statements (Standards & Testing Agency, 2016; see the

Supporting Information for further information).

Allmeasures (except the endof key stage and FSMmeasures)were collected by trained

RAs that were blind to the nature of the study and the school and pupil allocations.
Measures were administered according to the standardized assessment instructions. Key

Stage 1 reading andwriting assessment data, aswell as FSP_GLD and FSM status data, were

obtained from the NPD. Additional measures from the original study that were unrelated

to the present research aims are not presented here.

Instruction and outcomes: A mediation analysis 9



Analysis plan

SEMs with mediation were built in Mplus version 8.3 (Muthen & Muthen, 2017),

allowing for simultaneous testing of direct and (multiple) indirect effects. SEM is a

technique frequently used for mediation analysis (Arias et al., 2016; Arlinghaus,
Lombardi, Willetts, Folkard, & Christiani, 2012), preferred for its superior power to

multistep regression methods (Iacobucci, Saldanha, & Deng, 2007). As the Key Stage

1 literacy assessments we used as outcomes were dichotomous variables, we used

logistic regression analysis with MLR (maximum-likelihood estimation with robust

standard errors) and exponentiated coefficients to yield odds ratios. Consistent with

Authors and Authors (refs), to allow for the non-independence of observations

arising from the clustering of children within schools, we used the robust Huber–
White cluster-corrected standard errors in all models. Missing data were handled by
full-information maximum-likelihood estimation.

Latent variables in the SEM reflected themain components of the skills and knowledge

taught in the programme: decoding and comprehension. Decoding was represented by

two latent variables to reflect sublexical skills and knowledge on the one hand

(grapheme/phoneme knowledge), and word-level decoding (decoding) on the other.

Comprehension was represented by one latent variable (comprehension). These latent

constructs reflect the ‘simple view of reading’, which postulates that reading is the

product of decoding and comprehension (Gough & Tunmer, 1986). As continuous
variables based on experimenter-administered tests, they are distinct from the teacher-

assessed literacy levels designated at the end of Key Stage 1.

Twomediationmodels were built using SEM, to understand how the component skills

and knowledge taught in the reading programme affected two more distal educational

assessments of literacy (Key Stage 1 reading and Key Stage 1 writing).

Results

Data preparation

Of the 1,439 children who were tested at T1, 15 had at least one missing data point for a

binary covariate (FSP_GLD and FSM) andwere not included in analyses.4 This resulted in a

final sample of 1,424 children for analyses (516 in the programme group and 908 in the

control group). Themean age for both the programme group and control group at T1was

5 years 6 months. The programme group was 47.2% male, and the control group was
49.8% male. Across the data set, 5.6% of data were missing (see the Supporting

Information for missing data analysis).

Table 1 shows descriptive statistics, N, and published reliabilities for all measures

collected, plus frequencies for NPD data, split by group (programme and controls).

Reliabilities were consistently high (0.83–0.97). Table 2 shows the correlations between

all observed variables used in our models. All correlations were significant, except some

with phoneme segmentation (likely due to ceiling effects in this variable). There was no

notable difference in the pattern of correlations between the programme group and the
control group.

4 Analyses on the sample of 1,439 children using imputed values for missing binary covariate data (imputed using fully conditional
specification) resulted in the same pattern of results.

10 Janet I. Vousden et al.



T
a
b
le

2
.
C
o
rr
e
la
ti
o
n
s
b
e
tw

e
e
n
o
b
se
rv
e
d
va
ri
ab
le
s

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

1
.
P
h
o
n
e
m
e
se
gm

e
n
ta
ti
o
n
T
1

�
.5
6

.4
9

.4
6

.3
3

.3
1

.4
0

.3
3

.3
6

.4
4

.5
3

.5
6

.4
7

.3
0

.4
4

.3
5

�.
1
5

.4
0

.4
7

.4
3

2
.
L
e
tt
e
r-
so
u
n
d
k
n
o
w
le
d
ge

T
1

.5
3

�
.7
1

.7
3

.6
4

.3
9

.5
5

.5
6

.2
6

.6
6

.6
6

.7
0

.7
2

.4
1

.6
1

.5
1

�.
2
2

.4
7

.5
3

.4
9

3
.
N
o
n
-w

o
rd

re
ad
in
g
T
1

.4
1

.6
6

�
.8
7

.8
0

.4
1

.5
5

.5
8

.1
7

.4
2

.6
0

.6
2

.6
7

.4
4

.5
3

.4
3

�.
1
6

.4
3

.4
4

.4
4

4
.
R
e
gu
la
r
w
o
rd

re
ad
in
g
T
1

.4
1

.6
9

.8
5

�
.8
9

.4
1

.6
0

.6
2

.1
1

.4
4

.6
1

.6
5

.7
3

.4
5

.5
7

.4
7

�.
1
5

.4
7

.4
4

.4
5

5
.
E
x
ce
p
ti
o
n
w
o
rd

re
ad
in
g
T
1

.3
1

.6
3

.8
0

.8
8

�
.3
1

.5
5

.6
2

.0
5

.3
5

.5
0

.5
4

.6
8

.3
7

.5
0

.4
2

�.
1
0

.4
1

.3
3

.3
5

6
.
V
o
ca
b
u
la
ry

T
1

.2
9

.3
7

.3
0

.3
2

.2
8

�
.4
1

.3
3

.1
3

.2
1

.2
8

.3
4

.3
5

.7
9

.4
2

.3
0

�.
1
5

.3
8

.4
1

.4
0

7
.
P
IR
A
:
lit
e
ra
l
T
1

.3
8

.5
7

.5
2

.5
8

.5
7

.3
0

�
.7
3

.0
3

.3
5

.4
2

.4
9

.5
3

.4
9

.5
2

.3
9

�.
1
9

.3
8

.3
8

.4
1

8
.
P
IR
A
:
m
e
an
in
g
T
1

.3
5

.5
7

.5
3

.6
1

.5
8

.3
3

.7
6

�
.0
2

.3
5

.4
4

.5
0

.5
6

.4
0

.5
0

.4
5

�.
1
9

.3
2

.3
2

.3
4

9
.
P
h
o
n
e
m
e
se
gm

e
n
ta
ti
o
n
T
2

.2
7

.2
2

.1
1

.1
3

.0
7

.2
4

.0
1

.0
0

�
.3
9

.2
9

.2
7

.1
6

.1
1

.2
4

.1
8

�.
0
7

.0
6

.2
4

.1
7

1
0
.L
e
tt
e
r-
so
u
n
d
k
n
o
w
le
d
ge

T
2

.4
5

.6
8

.4
7

.4
9

.4
3

.3
5

.4
3

.4
3

.3
6

�
.6
5

.7
0

.6
3

.2
6

.5
9

.4
7

�.
1
8

.3
2

.5
4

.4
9

1
1
.N

o
n
-w

o
rd

re
ad
in
g
T
2

.4
8

.6
8

.6
6

.6
9

.6
3

.2
8

.5
2

.5
3

.2
3

.6
6

�
.8
6

.7
5

.3
0

.6
8

.5
3

�.
1
4

.3
8

.5
8

.5
5

1
2
.R

e
gu
la
r
w
o
rd

re
ad
in
g
T
2

.5
3

.7
2

.6
4

.6
7

.6
0

.3
6

.5
5

.5
7

.2
6

.7
3

.8
7

�
.8
3

.3
9

.7
3

.6
0

�.
1
6

.4
6

.6
8

.6
5

1
3
.E
x
ce
p
ti
o
n
w
o
rd

re
ad
in
g
T
2

.4
6

.7
4

.6
9

.7
6

.7
4

.3
6

.6
2

.6
4

.1
3

.6
7

.8
2

.8
6

�
.4
0

.7
4

.6
1

�.
1
7

.4
4

.6
0

.6
1

1
4
.V

o
ca
b
u
la
ry

T
2

.3
0

.3
8

.3
4

.3
6

.3
2

.7
4

.3
8

.4
0

.1
9

.3
6

.3
5

.4
2

.4
1

�
.4
3

0
.3
2

�0
.1
7

0
.3
6

0
.4
0

.3
7

1
5
.P
IR
A
:
lit
e
ra
l
T
2

.4
8

.6
5

.5
7

.6
1

.5
7

.4
3

.5
7

.5
9

.1
6

.6
2

.6
8

.7
6

.7
6

.4
9

�
.7
3

�.
1
4

.4
6

.5
9

.6
1

1
6
.P
IR
A
:
m
e
an
in
g
T
2

.4
1

.5
6

.4
7

.5
6

.5
1

.3
5

.4
5

.4
8

.0
7

.5
3

.6
0

.6
9

.7
0

.4
1

.7
8

�
�.
0
5

.3
9

.4
5

.4
9

1
7
.F
SM

�.
1
2

�.
1
6

�.
1
1

�.
1
3

�.
1
2

�.
2
0

�.
1
4

�.
1
5

�.
0
7

�.
1
9

�.
1
4

�.
1
7

�.
1
8

�.
1
7

�.
2
1

�.
1
7

�
�.
1
1

�.
1
8

�.
1
4

1
8
.F
SP
_
G
L
D

.4
7

.5
0

.4
1

.4
3

.3
7

.4
2

.4
4

.4
4

.1
5

.4
7

.4
8

.5
4

.5
1

.4
1

.5
5

.4
6

�.
1
3

�
.4
0

.4
5

1
9
.K

S1
R
e
ad
in
g

.4
6

.5
7

.4
1

.4
3

.3
8

.3
3

.4
2

.4
3

.2
0

.5
9

.5
9

.6
9

.6
2

.3
5

.6
2

.5
4

�.
1
5

.4
8

�
.7
1

2
0
.K

S1
W

ri
ti
n
g

.3
8

.5
2

.4
4

.4
6

.4
1

.3
0

.4
6

.4
8

.1
9

.5
2

.5
7

.6
2

.6
0

.3
2

.5
9

.4
7

�.
1
3

.5
3

.7
0

�

N
ot
e.

C
o
rr
e
la
ti
o
n
s
b
e
tw

e
e
n
co
n
ti
n
u
o
u
s
va
ri
ab
le
s
ar
e
b
iv
ar
ia
te

(P
e
ar
so
n
’s
r)
.
A
ll
va
lu
e
s
ar
e
si
gn
ifi
ca
n
t
(p

<
.0
5
)
u
n
le
ss

in
it
al
ic
s.
C
o
rr
e
la
ti
o
n
s
b
e
tw

e
e
n
a
b
in
ar
y
an
d
co
n
ti
n
u
o
u
s
va
ri
ab
le
ar
e
p
o
in
t-
b
is
e
ri
al
,
an
d

co
rr
e
la
ti
o
n
s
b
e
tw

e
e
n
tw

o
b
in
ar
y
va
ri
ab
le
s
ar
e
p
h
i.
C
h
ild
re
n
in
th
e
p
ro
gr
am

m
e
gr
o
u
p
ar
e
sh
o
w
n
ab
o
ve

th
e
d
ia
go
n
al
,
an
d
co
n
tr
o
l
gr
o
u
p
ch
ild
re
n
ar
e
sh
o
w
n
b
e
lo
w
th
e
d
ia
go
n
al
.

Instruction and outcomes: A mediation analysis 11



Confirmatory factor analysis

Confirmatory factor analysis was used to confirm the structure of our latent variables

(grapheme/phoneme knowledge, decoding, and comprehension) at T1 and T2, using

standardized raw scores for each of the indicator variables. Grapheme/phoneme
knowledge was indicated by phoneme segmentation (PIPA) and letter-sound knowledge

(LeST); decoding was indicated by total correct for the three DTWRP tasks (non-word,

regular word, and exception word reading); and comprehension was indicated by total

correct for literal questions in the PiRA, total correct for meaning questions in the PiRA,

and BPVS vocabulary. Both models showed an excellent fit to the data; T1: CFI = .98,

RMSEA = .067 (90% CI: 0.056–0.078), SRMR = .027 (Figure 1); and T2: CFI = .98,

RMSEA = .070 (90% CI: 0.059–0.080), SRMR = .024 (Figure 2).

Mediation models

Weconducted themediation analyses following the approach outlined inHayes (2018) by

testing the full model with mediation, rather than to establish more traditional criteria for

mediation, because of recent consensus that the establishment of a total effect should not

be a prerequisite for testing indirect effects (McKinnon, 2008; Zhao, Lynch,&Chen, 2010;

for a full discussion, see Hayes, 2018) and that tests of indirect effects can have more

power than tests of total effects (Kenny & Judd, 2014). This model included links from

Grapheme/phoneme 
knowledge

Decoding

Comprehension

Phoneme
segmentation LeST

Nonword
reading

Regular
word

reading

Exception
word

reading

Vocabulary Literal 
comp

Meaning 
comp

.97

.93.58

.91

.73

.90.85.47

.78 .89

.74

Figure 1. Confirmatory factor analyses for latent variables at Time 1. Standardized factor loadings are

given next to each link from latent variable to indicator variable. Covariances are indicated by curved

arrows with r values next to them.
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programme to the mediators (G/P knowledge T2, decoding T2, and comprehension T2)

and then from themediators to the outcome (Key Stage 1 reading orwriting). In addition, a

direct link was included from programme to outcome. Baseline scores for FSP_GLD and

FSM were covaried at Time 1, as well as controlled for through direct links with the
mediators and outcome (to control for initial differences in ability and socioeconomic

status). Also, error variances for latent variables at Time 2were covaried, to allow for high

correlations between ancillary task demands for the tests of different constructs (e.g.,

ability to follow instructions). Finally, the autoregressors (G/P knowledge, decoding, and

comprehension at T1)were regressed onto their equivalents at T2. Unfortunately, none of

the ‘traditional’ model fit indicators (such as the chi-square) can be applied to these

specific models here, which include logistic regression analysis with full-information

maximum-likelihood estimation (FIML). However, the excellent fit of the CFAs, together
with the strong pattern of correlations reported in Table 2, leads us to be confident in our

mediation models.

Calculation of indirect effects

Mplus (version 8.3; Muthen & Muthen, 2017) multiplies together the non-standardized

regression coefficients from predictor to mediator, and mediator to outcome, to get the

Grapheme/phoneme 
knowledge

Decoding

Comprehension

Phoneme 
segmentation

LeST

Nonword
reading

Regular
word

reading

Exception
word

reading

Vocabulary Literal 
comp

Meaning 
comp

.96

1.00.37

.89

.86

.85.93.48

.74 .90

.66

Figure 2. Confirmatory factor analyses for latent variables at Time 2. Standardized factor loadings are

given next to each link from latent variable to indicator variable. Covariances are indicated by curved

arrows with r values next to them.
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indirect effect. Table 3 reports odds ratios and their confidence intervals, as well as

significance levels for each of the three indirect effects. Mplus also reports whether

indirect effects are significantly different from each other, as well as giving the total effect

of the programme on the outcome (all indirect effects, plus the direct effect, added
together).

The Reading model

The full model showed that completion of the Year 1 reading programme was

significantly associated with differences in grapheme/phoneme knowledge (b = .33,

95% CI [0.09–0.57]), decoding (b = .26, 95% CI [0.09–0.43]), and comprehension

(b = .26, 95% CI [0.05–0.47]) at T2. These bs can be interpreted as effect sizes as
they represent the difference in standard deviations in the outcome variable between

the control and programme groups. The differences in decoding and comprehension,

in turn, significantly predicted reading outcome at T3. Differences in G/P knowledge

were not associated with reading outcome (Figure 3). Indirect effects from

programme to reading via decoding, and from programme to reading via compre-

hension were significant and significantly greater than the indirect effect via G/P

knowledge (Table 3).

Time 1 Time 3Time 2

Grapheme/
phoneme

knowledge

KS1 Reading

Programme

FSP_GD

FSM

Decoding

Grapheme/
phoneme

knowledge

Decoding

Comprehension

Comprehension

6.83

.63

.63

.33.14

.26

.25

.23

1.35 ns

.60

10.68

.48

.26

.36

.35

.55

-.20

.77

.46

-.22

-.12

.79

-.04 ns

0.57 ns

0.84 ns

.79

.56

.26

-.15

-.08

-.06

1.32 ns

.67

.69

.49

Figure 3. KS1 Reading mediation model. Solid lines denote linear regression analyses; standardized

regression weights (betas) are given next to solid lines from continuous predictors (grapheme/phoneme

knowledge, decoding, and comprehension), and unstandardized regressionweights (effect sizes) are given

next to solid lines from binary predictors (FSP_GD, FSM, Programme). Dashed lines denote logistic

regression analyses; odds ratios are given next to each dashed line. All links are significant at p < .05,

unless denoted with ns (not significant). Residuals (1 – multiple squared correlation (r2)) are given above

the short arrows feeding into the endogenous variables. Curved lines indicate covariances. See CFAs

(Figures 1 and 2) for factor loadings of the indicator variables for each latent variable (indicated by an

oval). FSM = free school meal status, FSP_GLD = Early Years Foundation Stage Profile Good Level of

Development.
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The writing model

Replicating the reading model, completion of the Year 1 reading programme was

significantly associatedwith differences in grapheme/phoneme knowledge (b = .34, 95%

CI [0.10–0.58]), decoding (b = .27, 95% CI [0.10–0.43]) and comprehension (b = .27,
95% CI [0.06–0.47]) at T2. The differences in decoding and comprehension, in turn,

significantly predicted writing outcome at T3. Differences in G/P knowledge were not

associated with writing outcome (Figure 4). Indirect effects from programme to writing

via decoding and from programme to writing via comprehension were significant and

significantly greater than the indirect effect via G/P knowledge (Table 3).

Discussion

Johnson et al. (2019) demonstrated that the Year 1 reading programme had a positive

effect on Key Stage 1 literacy tests in England (UK) in a well-executed, large-scale, blind

RCT. The next step was to show whether this was the result of a boost in one or more of

the skills that the programme was specifically designed to train, rather than an untested

‘third’ variable, or a Hawthorne effect. Specifically, our aimwas to determinewhether the

effects of the reading programme on Key Stage 1 assessments could be attributed to an
increase in grapheme/phoneme knowledge, decoding, and comprehension abilities, as

targeted by theprogramme. The results of themediation analyses showed that thiswas the

case for decoding and comprehension, but not for grapheme/phoneme knowledge.

There were significant indirect effects from the programme to both Key Stage 1 reading

and writing via both decoding and comprehension latent constructs. A child in the

programmegroupwasmore likely to achieve or exceed their expected level at Key Stage 1

reading compared with a control group child by 1.6 times due to an increase in their

decoding ability, and by 1.4 times due to an increase in their comprehension abilities.
Similarly for writing, children in the programme group were more likely to achieve or

exceed their expected level at Key Stage 1writing comparedwith the control groupby1.3

times due to an increase in their decoding ability, and by 1.3 times due to an increase in

their comprehension abilities. However, the indirect effect from programme to Key Stage

1 reading and writing via grapheme/phoneme knowledge was not significant. Neverthe-

less, the programmedid have a significant effect on grapheme/phonemeknowledge at the

end of the programme such that children in the programme group increased their

grapheme/phoneme knowledge by 0.33 standard deviations more than those in the
control group. The total indirect effect (via grapheme/phoneme knowledge, decoding,

and comprehension) from programme to Key Stage 1 reading and writing showed that

children in the programme group were 2.31 and 1.78 times, respectively, more likely to

achieve or exceed their expected level at Key Stage 1 than the control group children.

Such a strong effect is of real educational significance and provides strong support for the

integrity of the programme.

It may appear surprising at first glance that Key Stage 1 reading and writing outcomes

were not enhanced by the basic skills of grapheme/phoneme knowledge. However, Key
Stage 1 reading andwriting outcomes focusmore on text-level skills thanword-level skills

such as decoding and spelling. While it is clear that grapheme/phoneme-level knowledge

such as PA and LSK is very likely causally related to word-level skills such as decoding and

spelling (Hulme et al., 2012), any effects of grapheme/phoneme knowledge on higher

level skills such as comprehension andwriting aremore likely to be indirect, through their

effect on word-level skills. The models presented here cannot speak to this possibility

16 Janet I. Vousden et al.



because there was no testing point between T2 and T3. Additionally, we acknowledge

that there is more to grapheme/phoneme knowledge than captured by the grapheme/-
phoneme latent variable (measured primarily by letter-sound knowledge). It is possible a

more sensitive measure of phonological awareness might have led to a more compre-

hensive latent variable, which in turn may have explained more variance in the outcomes

than the current latent variable.

A main feature of the Year 1 reading programme was the inclusion of both decoding

and comprehension activities in the sameprogramme,with the aimof understanding how

the programme improves distal educational outcomes. Although early reading instruction

necessarily focuses on decoding, national educational outcome tests focus on higher-
order skills such as reading comprehension and writing, even in the early years. It is

therefore imperative that we understand how programmes aimed at early readers

contribute to thesemore distal educational outcomes. Improving reading comprehension

in early readers has typically been approached by oral language intervention, but despite

the strong link between oral language and reading comprehension (Hjetland, Brinch-

mann, Scherer, & Melby-Lerv�ag, 2017; Lerv�ag et al., 2018), impact via this route can be

hard to demonstrate (Rogde et al., 2019; but see, e.g., Fricke, Bowyer-Crane, Haley,

Hulme, & Snowling, 2013; Language and Reading Research Consortium (LARRC) et al.,
2019). Reading comprehension interventions, on the other hand, typically target older

Time 1 Time 3Time 2

KS1 Writing

Programme

FSP_GD

FSM Comprehension

Comprehension

2.97

.63

.63

.14 -.08
.25
-.06

.23

1.37 ns

.60

5.21

.49

.40

.36

.35

.46

-.20

.77

.55

-.22

-.12

.79

-0.04 ns

0.96 ns

1.00 ns

.79

.56

.27

-.15

.34

.27 2.44

.69

.67

.49

Grapheme/
phoneme

knowledge

Grapheme/
phoneme

knowledge

Decoding

Decoding

Figure 4. KS1 writing mediation model. Solid lines denote linear regression analyses; standardized

regression weights (betas) are given next to solid lines from continuous predictors (Grapheme/phoneme

knowledge, decoding, and comprehension), and unstandardized regressionweights (effect sizes) are given

next to solid lines from binary predictors (FSP_GD, FSM, Programme). Dashed lines denote logistic

regression analyses; odds ratios are given next to each line. All links are significant at p < .05, unless

denoted with ns (not significant). Residuals (1 – multiple squared correlation (r2)) are given above the

short arrows feeding into the endogenous variables. Curved lines indicate covariances. See CFAs

(Figures 1 and 2) for factor loadings of the indicator variables for each latent variable (indicated by an

oval). FSM = free school meal status, FSP_GLD = Early Years Foundation Stage Profile Good Level of

Development.
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readers (Clarke et al., 2010; Davis, 2010; Edmonds et al., 2009; Scammacca et al., 2015)

because younger readers do not have sufficient decoding skills to access reading

comprehension activities, supporting a developmental model of ‘phonics first’ and

‘comprehension later’, as suggested by Suggate (2010). In contrast, the Year 1 reading
programme demonstrates that comprehension instruction can be delivered effectively in

the early years by integrating it into a programme with decoding instruction. This is

consistent with previous work using same ABRA software (e.g., Savage, Abrami, et al.,

2009), where decoding and comprehension activities are linked to the same texts,

meaning that children learn to decode the material that they are also learning to

comprehend. However, previous work has not tested whether these skills acted as

mediators to a more distal educational outcome (e.g., a national test). The Year 1 reading

programme builds on this work (Savage, Abrami, et al., 2009) by demonstrating that distal
educational outcomes are positively affected by the programme through both decoding

and comprehension components, suggesting that instruction from both components is

effective in raising attainment. The size of the indirect effects of the programme through

decoding and comprehension on Key Stage 1 reading was similar (OR of 1.6 and 1.4

respectively) and not significantly different (Wald’s chi-square = .37, p = .55), suggesting

both are equally important. This was also the case for writing (OR of 1.3 and 1.3

respectively, Wald chi-sq = .06, p = .80).

It is difficult to compare the size of effects found here with previous work because the
outcomes in this study are dichotomous and are therefore measured by odds ratios.

However, it is notable that children in the programme groupwere about twice as likely to

meet or exceed the expected level of performance in their Key Stage 1 outcomes than the

control group. This sizeable effect came from a combination of the uplift in specific skills

trained by the programme. Although one can never rule out additional contributions from

unforeseen third variables, the results do provide strong evidence in favour of the

programme, and against Hawthorne effects.

Demonstrating effects on distal outcomes can be challenging, especially when the
distal outcomes contain different contents to the material in the instructed programme

(Melby-Lerv�ag, Hagen, & Lerv�ag, 2020). The distal measures in this study (Key Stage 1

reading andwriting) were based on teacher assessments of pupils’ abilities in reading and

writing collected up to a year after theprogrammehadfinished. It is unlikely therefore that

there would have been much overlap between the content of the Year 1 reading

programme and thework onwhich teacher assessmentswere based. This is especially the

case for the writing outcome since writing was not part of the programme, yet significant

positive effects were still observed. Additionally, these assessments were made by Year 2
teachers, who for the most part are different teachers to the Year 1 teachers. Thus, both

the teacher and the context differ when the assessments are made. The activities within

the Year 1 reading programme focused on evidence-based skills and strategies that were

practised repeatedly in the context of different texts. This encourages the development of

skills and strategies independent of content and favours an explanation based on the

application of learned skills and strategies rather than a content-based mechanism. This

explanation is consistent with evidence that writing benefits from similar skills as reading

comprehension, sincewritingwas not taught in the programme, but some skills that have
been linked to both reading comprehension and writing were, for example, comprehen-

sion monitoring (Limpo et al., 2014), summarizing (Mason et al., 2006), vocabulary

(Savage et al., 2017), and story structure (Arrimada et al., 2019; Pinto et al., 2016; Spencer

& Petersen, 2018).
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Limitations

The aim of the current study was to understand the impact of the Year 1 reading

programme on educational outcomes, which necessitated the use of national educational

outcomes over traditional standardized tests. Thus, the outcomes in both models were
teacher assessments rather than standardized tests. Although it is known that effect sizes

based on non-standardized tests are often larger than those based on standardized tests

(Davis, 2010; Edmonds et al., 2009; Scammacca et al., 2015), the Key Stage 1 outcomes

reported here are based on a highly structured procedure practiced nationally to assess all

pupils. Furthermore, the content of the teacher assessments was skills based and assessed

up to a year after the programme had finished. Thus, although the outcomes were not

standardized tests, neither were they experimenter-generated tests linked to the content

of the programme. Lastly, the teacher assessments were not conducted by the teaching
assistants who delivered the programme, they were conducted by a different year group

teacher when the children were in the next year up. These are some reasons to be

confident that the outcomes are not biased and of significant impact. Amore robust test of

the significance of the impact would be to see whether the programme still has impact at

the next Key Stage in education, when these children sit examinations.

The results of the study do not distinguish between the types of activities that aremore

or less effective for either decoding or comprehension – both componentswere delivered

via a range of activities. However, this study was the first step in testing whether both
components contribute to distal educational outcomes. Future research could take a finer

grained approach to determine whether all activities are equally useful in this respect.

Implications for practice

The findings of the current study provide strong evidence that reading comprehension

can be successfully delivered to beginning readers who are still learning to decode text.

Compared with the taught activities for grapheme/phoneme knowledge, the taught
activities for decoding and comprehension focused more heavily on the application of

knowledge and practice of learned procedural skills rather than the acquisition of

knowledge per se (Supporting Information). It is worth noting that the knowledge-based

learning from the grapheme/phoneme component of the Year 1 reading programme is

additionally taught elsewhere in school throughphonics instruction.However, the results

indicated that improvements to Key Stage 1 reading and writing were mediated though

decoding and comprehension, not grapheme/phoneme knowledge. This suggests that

there is a clear role for opportunities for children to apply their knowledge and practice-
learned procedural skills and acquire the phonic knowledge already taught in school and

in the programme.

The findings also demonstrated that reading comprehension had a measurable and

significant impact on beginning readers, whether or not they have weaknesses in

decoding, oral language, or both, since the programme was delivered to children of all

abilities, rather than childrenwith language or literacy weaknesses, as is often the case for

comprehension research (Bowyer-Crane et al., 2008; Clarke et al., 2010; Edmonds et al.,

2009; Scammacca et al., 2015). The implication for practice is that beginning readers can
benefit in a meaningful way within an educational context when reading comprehension

should be introduced in parallel, and well integrated, with decoding instruction.
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Conclusion

The findings of the current study are consistent with a body of research showing that

comprehensive reading programmes can be effective in promoting growth in more than

one component of reading (Abrami, Savage, Wade, Hipps, & Lopez, 2008; Bailey et al.,
2017; Savage, Abrami, et al., 2009; Savage et al., 2010). Our findings add to this body of

research by showing that improved performance on distal educational outcomes can be

achieved through improvements in the trained components for those children who

participated in the Year 1 reading programme. These effects were demonstrated with

children of all abilities. Effects on distalmeasures can be hard to demonstrate in large-scale

RCTs, yet the effects demonstrated here are sizeable and are of practical significance in

helping children reach the expected level of literacy by the end of Key Stage 1.

Furthermore, the significant effects demonstrated here were obtained from a quality-
scaled school-based blind RCT with a robust assessment model (Huber–White error

model) with latent variables, and are therefore replicable.

The current study joins a modest but growing number of studies that have used

mediation analyses to understand which components of programmes and interventions

are responsible for positive outcomes (Clarke et al., 2010; Hulme et al., 2012; Language

and Reading Research Consortium (LARRC) et al., 2019; Melby-Lerv�ag et al., 2020). This

approach allows intervention and programme research to focus on the components that

are responsible for positive effects, and to discontinue components that are ineffective.
Given that children at the start of the study already had some ability in decoding and

comprehension, the findings cannot claim to be truly causal in this respect. However, the

findings presented here alongside the main effects of the well-executed RCT reported in

Johnson et al. (2019) are at least consistent with a causal interpretation that Key Stage 1

reading andwriting outcomes are (in significant part) caused by the improvements in both

comprehension and decoding ability targeted by the Year 1 reading programme.
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