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Introduction 

The aim of this effectiveness trial is to assess whether ‘The Nuffield Early Language 

Intervention’ (NELI) leads to improvements in the spoken language ability of children in the 

reception year of primary school who have spoken language skills that are poorer than those 

of their peers. The intervention was initially developed by researchers from the University of 

Oxford (led by Charles Hulme and Maggie Snowling) together with team members from the 

University of Sheffield (Silke Fricke) and the University of York (Claudine Bowyer-Crane). 

Intervention development was funded by the Nuffield Foundation.1  NELI exists both as a 30-

week structured programme for children in nursery and reception and a shorter 20-week 

version that is delivered only in reception year. More details on differences in regard to the 

training and the sessions between the 20 and the 30 week programme are available in an 

earlier EEF evaluation report of NELI.2 This study assesses the effectiveness of the 20-week 

version delivered in Reception.  

NELI is a targeted intervention designed for children with weak oral language skills. To 

select the children eligible for the intervention, all reception year pupils in all participating 

classrooms undertook language assessments prior to randomisation. Every child in 

participating reception year classrooms was screened by school staff using the Automated 

Test of Language AbilitieS (ATLAS) app that was developed by the Delivery team. This test 

assesses four core language skills: expressive vocabulary, receptive vocabulary, sentence 

repetition, and listening comprehension. School staff conducted the test and scored 

responses online, using the ATLAS app. Based on a composite score (combined z-scores 

from the four subtests from the ATLAS), the five lowest achieving children in each reception 

class were offered NELI. If a parent declined the offer, the child with the next lowest score 

was offered the programme. 

To summarise the intervention, the package offered to treatment classes in the reception 

year consisted of: (i) A two-day training course for teaching assistants (TAs), of which the 

first half day was also attended by teachers; (ii) a pack of resources, including detailed 

lesson plans; (iii) ongoing support via online webinars; (iv) and a half-day face-to-face 

workshop. We provide further details on this package below. 

The intervention is being delivered using resources that are available to purchase from 

Oxford University Press (OUP).3 These resources include handbooks with detailed lesson 

plans, picture cards, resources that can be photocopied to use in sessions, and a puppet to 

support session delivery. The programme will be delivered over 20 weeks by teaching 

assistants in small groups. The five lowest achieving children will participate in three 30-

minute group sessions and two individual 15-minute sessions a week, during the spring and 

summer terms in 2019. The sessions will focus on listening, narrative and vocabulary skills. 

Children will be excused from their class’ main activities to take part in the intervention. 

Intervention schools will deliver the 20-week programme, while control schools will follow 

“business as usual”. 

The programme costs for the trial include training for TAs and teachers, which is provided by 

Elklan, as well as a resource pack containing the OUP materials. The commercial cost of a 

                                                      
1 The Nuffield Foundation homepage. https://www.nuffieldfoundation.org/nuffield-early-language-
intervention 
2 Sibieta, L., Kotecha, M., & Skipp, A. (2016). Nuffield Early Language Intervention: Evaluation Report 
and Executive Summary. London: Education Endowment Foundation. 
3 Nuffield Early Language Intervention (NELI), Oxford University Press. 

https://global.oup.com/education/content/primary/series/nuffield-intervention/?region=international . 

https://global.oup.com/education/content/primary/series/nuffield-intervention/?region=international
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resource pack for one classroom and training for one TA is £1,040. Schools allocated to the 

intervention group provided a contribution of under £300 towards the cost of classroom 

resources for NELI. As a school could train multiple TAs but only purchase one pack of 

materials, the cost to them remained the same. Schools with two forms of entry were offered 

a second pack of materials (i.e. twice the cost), which was taken up by two schools. Schools 

with three forms of entry were required to purchase a second pack of materials. 

The training/support sessions that make up the intervention are being delivered throughout 

the course of the 2018/19 school year. Elklan Tutors provided two days’ training to TAs in 

experimental classrooms in the autumn term of 2018/19. Teachers were also required to 

attend for the first half day. TAs also attended additional training after 10 weeks of 

programme delivery. Furthermore, the programme allows trained TAs to receive support 

through participation in webinars during weeks 3, 6, 12/13 and 21 of the implementation and 

in a face-to-face workshop in week 10 of implementation. Support is offered to TAs in 

intervention schools through emails (up to 2 per week per TA) and Facebook group activity 

over the intervention period.  

The primary focus of the trial is the overall effect of this intervention package on the: (i) oral 

language outcomes and on (ii) early word reading of the pupils who are in randomly 

assigned intervention groups compared to pupils in control settings. This statistical analysis 

plan sets out how we will assess whether NELI leads to improvements in pupil oral and early 

reading outcomes compared to ‘business as usual’. 

For more information regarding the study and its background and design, please refer to the 

study protocol.4  

Design overview 

The trial was planned and executed as a stratified, two-arm, cluster-randomised controlled 

trial (cRCT), across 193 schools and total of 240 reception classrooms recruited from 

thirteen geographical regions: Bristol, Cornwall, Durham, Essex, Hertfordshire, London, 

Manchester, North Tyneside, Northamptonshire, Surrey, Warwickshire and surrounds, 

Wolverhampton and the North West of England. The areas were selected based on 

available contacts as well as to ensure an equal spread of urban and rural regions. All 

children in reception classes were eligible for inclusion in the trial (see below). 

Schools were accepted on the trial once they have completed the required paperwork and 

prerequisite tasks (after provision of data such as pupil’s UPNs, names, date of birth and 

after signing of a Memorandum of Understanding (MoU)). All schools who fulfilled the 

inclusion/exclusion criteria and who volunteered for the trial were eligible for randomisation.  

Schools meeting the following criteria were eligible for inclusion in the study: 

1. Have not previously delivered NELI. 

2. Above average free school meals (FSM) eligibility for the school.5 

                                                      
4https://educationendowmentfoundation.org.uk/public/files/Projects/Evaluation_Protocols/NELI_trial_p
rotocol_FINAL.pdf 
5  Having a school-level percentage of pupils that are FSM-eligible which was higher than the primary 

school national average in the 2018/2019 academic year (>=28% FSM). We will use the 

FSMELIGIBLE_SPRxx indicator variable aggregated at the school level. 
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3. Willing to be randomly assigned to intervention or ‘business as usual’ at the level of 

the school. 

4. Willing to engage with the intervention and implement it with the pupils identified by 

screening. 

5. Willing to provide child background information to the evaluation team. 

6. Willing to facilitate baseline and post-intervention data collection. 

Schools were assigned to either treatment (NELI) or control (business as usual). All schools 

signing up had a 50:50 chance of being assigned to the treatment group within each 

geographical cluster (see Randomisation section below). All TAs (ostensibly working) in 

reception classrooms in treatment schools were eligible for and are receiving the 

intervention.  

There is only one treatment condition in this trial: throughout the 2018/19 academic year 

schools will receive training and support to implement NELI. For control schools, it will be 

business as usual during the school year 2018/19. As an incentive, control schools will also 

receive financial compensation of £1,000. They will receive a payment of £500 post-

randomisation and £500 upon completion of outcome testing and final surveys.   

SCREENING DATA: Every child in participating reception classes was first assessed by the 
school staff using ATLAS app. The language composite score ATLAS is a test developed by 
the Delivery team and, as such, it is not an independent outcome measure. The ATLAS app 
is in the ‘beta version’ from the University of Oxford. ATLAS assesses four core language 
skills: expressive vocabulary, receptive vocabulary, sentence repetition, and listening 
comprehension. Responses are scored using the app. Based on a composite score (a 
composite of the z-scores from the four subtests with simple averaging) from ATLAS, the 
five children in each participating reception classroom with the lowest composite language 
scores were selected for further baseline testing.  

In the vast majority of cases complete data were available on ATLAS tests.6 In those cases 
where there were missing subtest scores, the summed z-score for the available tests were 
used to form the basis of the ranking. Differences in each component will be presented by 
treatment and control groups to allow the readers to make their own judgements about the 
relative importance of each component.  

 

BASELINE AND OUTCOME DATA: Children in reception are tested twice, at pretest (before 

randomisation) and posttest (immediately after the programme ended). Data consists of the 

following individually administered tests: the Clinical Evaluation of Language Fundamentals 

(CELF) recalling sentences subtest;7 CELF expressive vocabulary subtest; Renfrew Action 

Picture Test (RAPT) information and grammar subtest;8 the York Assessment of Reading for 

Comprehension (YARC) early word reading test;9 and a language composite score from the 

4 ATLAS language subtests. Test selection was made in collaboration with Oxford and 

                                                      
6 Only 5 schools failed to use the expressive vocabulary subtest correctly. 
7 Wiig, E., Secord, W., & Semel, E. (2006). Clinical Evaluation of Language Fundamentals–
Preschool–2, UK Standardisation (CELF-P2 UK). London: Pearson.  
8 Renfrew, C. E. (2016). The Renfrew Language Scales: Action Picture Test. Bichester, Oxfordshire: 
Speechmark. 
9 Snowling, M. J., Stothard, S. E., Clarke, P., Bowyer-Crane, C., Harrington, A., Truelove, E. & Hulme, 
C. (2009). YARC York Assessment of Reading for Comprehension Passage Reading. Oxford: GL 
Publishers. 
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language experts, where only those tests found to possess adequate level of reliability and 

sensitivity were selected for initial review.101112 All testing was administered individually (one-

to-one) in school, and the tests were given in fixed order.  Testing time varied, and on 

average took testers between 15 to 30 minutes to complete in-depth testing.   

PRIMARY OUTCOME: Previous research has established that language skills, including 

expressive and receptive vocabulary, grammar and oral skills, develop as a unitary 

construct.13 The use of a single language measure to capture its complex nature is 

impractical. Therefore, the primary outcome will be a language latent variable. The latent 

variable is not measured directly, but is estimated in the model from several measured 

variables each of which is predicted to ‘tap into’ the primary outcome. This is preferred over 

observed variable as the use of latent variable with structural equation modelling (SEM, see 

Kline, 2005) will adjust for measurement error. The latent variable will be created from the 

following individually administered language tests:  

1) The CELF Preschool 2UK: Expressive Vocabulary - a test where children are asked 

to name pictures. 

2) The CELF Preschool 2UK: Recalling sentences - a test where children are asked to 

repeat a sentence. 

3) RAPT information – a test that asks children to describe the information shown in set 

of pictures (for example, nouns and verbs). 

4) RAPT grammar - a test that checks the grammar used by children (such as use of 

tenses). 

The four measures will be used to define a single latent language variable. Raw measures of 

the test items combine to identify the underlying latent variable.  

SECONDARY OUTCOMES: The secondary outcome will be child’s early reading skills. A 

previously validated measure, the YARC Early Word Reading test, will be used to measure 

child’s early reading skills. Table 1 below gives an overview of primary and secondary 

baseline and outcome measures. 

All measures are standardised, age appropriate and were selected by the evaluation and 

delivery team in collaboration with language experts. 

Table 6 in Error! Reference source not found. provides a summary of all the tests and 

subscales used in the evaluation.  

 

 

Table 1: Summary of primary and secondary outcome measures 

                                                      
10 CELF-Preschool 2UK: Test-retest reliability ranged from 0.77 to 0.96 (for ages 3 to 3,11) and 0.74-
0.95 (for ages 4 to 4,11). Cronbach's alphas ranged 0.77 to 0.95. Inter reliability ranged 0.95 to 0.97 
11 RAPT reliability: Random testing revealed little difference in responses if the re-test was given 
within a month from the original. A 3% of each set's score was affected by scoring discrepancy. 
12 YARC: It is one of the most sensible tests. Inter-reliability for early word recognition is .98 
13 MacDonald, M. C. (2013). How language production shapes language form and comprehension. 
Frontiers in Psychology, 4, 1–16. doi:10.3389/fpsyg.2013.00226 
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Trial type and number of arms Two-arm, stratified and cluster-randomised 

Unit of randomisation School 

Stratification variables  
(if applicable) 

Geographic area, number of classes 

Primary 

outcome 

variable 
Improved oral language  
 

measure 

(instrument, scale) 

Language latent variable created from four 
individually administered language tests: 

1. CELF recalling sentences subtest 
2. CELF expressive vocabulary subtest 
3. Renfrew Action Picture Test (information) 
4. Renfrew Action Picture Test (grammar)  

 

Secondary 

outcome(s) 

variable(s) Improved early reading 

measure(s) 

(instrument, scale) 
1. YARC early word reading 

 

 

Randomisation 

Allocation to treatment and control schools was conducted in Stata by Dr. Sutherland on the 

2nd November 2018 and included 193 schools which had baseline data and a Memorandum 

of Understanding (MoU) signed by the headteacher/SLT. Randomisation took place after the 

baseline testing was completed or scheduled to take place, but the delivery team was not 

informed of allocation until after baseline testing had been formally completed. Schools were 

notified of their allocation on the 19th November. Intervention group schools subsequently 

received confirmation of the children taking part in the intervention.   

In preparation for randomisation, we examined the distribution of schools by region and 

number of classes in school, concluding that stratification by region and number of classes 

would be appropriate. Randomisation was therefore stratified by (i) geographical location 

and (ii) the number of classes being put forward for intervention by the school. The latter was 

to ensure that schools with higher numbers of pupils were not allocated to treatment or 

control unevenly. 

Strata were constructed from regions (geography-based strata, with the thirteen regions 

described above), and from number of classes within a school (one entry school vs. two or 

multiple-entry schools). Having uneven numbers of schools with one and/or multiple number 

of classes would mean there is a higher probability that treatment or control groups would be 

unequal in terms of size. To deal with unequal treatment fractions we used the command 

randtreat and the option misfits(global)in Stata. 14 

Schools were randomly allocated to one of the two arms of the trial within each stratum. 

Table 2 below shows actual allocations by region and prior attainment. In total 96 schools 

                                                      
14 Carril, A. (2017). Dealing with misfits in random treatment assignment. Stata Journal, 17(3), 652-
667. 
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and 121 classes were allocated to the control condition, while 97 schools with total of 119 

classes were allocated to the intervention condition.  

Table 2: NELI randomisation results 

Region 

Allocation 

Control NELI school 

N  

schools  

N 

classes 

N 

schools 

N 

classes  

1 Bristol 7 8 8 11 

2 Cornwall 10 11 10 11 

3 Durham  9 12 8 10 

4 Essex 11 13 11 12 

5 Herts 5 8 5 7 

6 London 5 6 6 8 

7 Manchester 4 5 3 4 

8 North Tyneside 4 5 5 6 

9 North West* 5 5 5 6 

10 Northamptonshire 10 13 9 11 

11 Surrey 15 19 15 18 

12 Warwickshire and Surrounds 5 8 5 6 

13 Wolverhampton 6 8 7 9 

 Total 96 121 97 119 

Table note: * North West is Blackpool; Thornton-Cleveleys; Poulton-le-Fylde; Lytham – St. Anne’s 

 

Sample size calculations overview 

The initial power calculations were based on the information provided in the Invitation to 

Tender and the subsequent set-up meeting with the delivery team and the Education 

Endowment Foundation (EEF).  We assumed that there were on average between four and 

eight pupils per school and that with 200 schools, we will be collecting data on an estimated 

1,600 pupils for this evaluation. Our initial power calculations, based on the EEF’s evaluator 

guidance but updated with information from previous trials, assumed 50% of level 1 variance 

was explained by pretest scores. The assumed level 2 (schools) explained variance was 

zero.   We also assumed an alpha of 5% and an intended 80% power to detect effects. We 

used two-level clustered designs and based our calculations on two values for the intra-

cluster correlation ICC (15% as per EEF ITT, and 11% to show the impact of reducing ICC). 

Power and minimum detectable effect size (MDES) calculations were performed using 

PowerUp!.15 Using the parameters set in the study protocol and with equal allocation to 

                                                      
15 Dong, N., & Maynard, R. (2013). PowerUp!: A tool for calculating minimum detectable effect sizes 
and minimum required sample sizes for experimental and quasi-experimental design studies. Journal 
of Research on Educational Effectiveness, 6(1), 24-67. 
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treatment and control the MDES was evaluated at d equal to 0.193 for ICC of 15% and 

0.178 for ICC of 11%.   

 

POWER CALCULATIONS ON ACTUAL SAMPLE 

After randomisation, there were 193 schools and an average of six pupils per school in the 

intervention group. Additionally, the school-level ICCs for the ATLAS app test were 

estimated at 11.7%. With the achieved sample and ICC of 11.7% the estimated MDES is d 

0.177. As such, the MDES reported in the SAP is similar or smaller in size than the MDES in 

the study protocol (MDES of d 0.193).16  

Table 3. Power calculation per protocol and on actual sample 

 
Protocol Randomisation 

OVERALL OVERALL 

MDES 0.193 0.177 

Pre-test/ post-
test correlations 

level 1 (pupil) 0.71 0.71 

level 2 (class) NA NA 

level 3 (school) 0 0 

Intra-cluster 
correlations 
(ICCs) 

level 2 (class) NA NA 

level 3 (school) 0.15 0.117 

Alpha 0.05 0.05 

Power 0.8 0.8 

One-sided or two-sided? Two-sided Two-sided 

Average cluster size 5 6.2 

Number of 
schools 

intervention 100 97 

control 100 96 

total 200 193 

Number of 
pupils 

intervention 600 595 

control 600 605 

total 1200 1200 

 

 

  

                                                      
16 Sutherland, A., Dimova, S. and Belanger, J. (2019) Trial Evaluation Protocol: The Nuffield Early 
Language Intervention (NELI). London: Education Endowment Foundation.   
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Analysis 

The outcome analysis will be on an intention-to-treat (ITT) basis. The analysis will include all 

randomized schools in the groups to which they were randomly assigned, regardless of the 

treatment they actually received, withdrawal post-randomisation, or deviations in programme 

implementation. This principle is key to ensuring non-biased programme effects. This 

approach compares outcome means for the treatment and comparison groups, and subjects 

are analysed according to their randomised group allocation. The ITT approach is inherently 

conservative as it captures the averaged effect of offering the intervention, regardless of 

whether or not the participants comply with assignment. 

Primary outcome analysis 

The primary goal is to examine whether participation in NELI produced improvements on 

language, as measured with an underlying latent variable. Therefore, the primary outcome 

analysis will be based on structural equation modelling (SEM), whereby a latent language 

construct will represent the main outcome measure, as well as baseline measures. The 

latent construct will be evaluated across the two points in time. 

The starting point of the SEM analysis is the development of a conceptually-driven 

measurement model that describes the underlying measurement structure of the language 

construct. The measurement model will be assessed for fit (i.e. how well the observed 

variables combine to capture the underlying language construct) by using the 

recommendations Hu and Bentler (1999) for cut-off criteria for fit indexes to evaluate model 

fit.17 If the test items measuring the latent language construct are only weakly correlated with 

the latent factor, then this might indicate model misspecification and result in a poor model 

fit. If the originally-theorised model is not a good fit for the empirical data, we may need to 

make modifications to the model in order to achieve the fit required for the next step of the 

analysis. Any required modifications will be driven by theory and will be made in consultation 

with language experts, with the most parsimonious model (i.e. smaller number of 

modifications) preferred. This procedure will be applied to both the pre-test and post-test 

language construct. This provides an important advantage over other traditional analytical 

methods (i.e. OLS regression) in that it allows for comparisons of measurement structure 

across the analysis groups in a systematic way while taking into account measurement error. 

Specifically, we will test for measurement invariance, which is a desirable feature whereby 

the latent language construct is consistently measured at the two data collection points.18 

Once a good model fit for the above is achieved, we will add the structural component to the 

model, i.e. a treatment dummy.  

The pretest latent variable will be the covariate, and the posttest latent variable the outcome 

measure. The effects of the intervention will be measured by the y-standardized regression 

coefficient for the treatment dummy variable. The effects of clustering within schools will be 

                                                      
17 Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: 
Conventional criteria versus new alternatives. Structural equation modeling: a multidisciplinary 
journal, 6(1), 1-55. 
18 Vandenberg, R. J., & Lance, C. E. (2000). A review and synthesis of the measurement invariance 
literature: Suggestions, practices, and recommendations for organizational research. Organizational 
research methods, 3(1), 4-70.76 
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accounted for by using robust (Huber-White) cluster standard errors.1920 This approach will 

allow us to test the relationship between the observed treatment grouping variable and the 

latent outcome variable, while also including in the model the stratification variables used at 

Randomisation.21 The direct path coefficient from the dummy variable to the outcome 

measure (the latent language measure at outcome) is the coefficient of interest and it will 

give the ITT effect.   

An examination of the coefficients of the hypothesized relationship should indicate if the 

model was a good fit. In other words, we would examine the significance of the individual 

structural path representing the impact of the latent construct on the observed variable (path 

coefficient). The t values of the structural coefficient will be examined to establish the 

statistical significance of the path coefficients. However, before we compare the direct path 

coefficients across groups, the analysis will establish if the factor loading, the measurement 

error variances, the factor variances, and covariance are invariant across groups.22 

The analyses will be conducted within STATA.  The procedures for handling missing data 

and effect size estimation are presented below (p 17 and p. 18).  

Secondary outcome analysis 

The secondary outcomes of early reading skills will be based on the York Assessment of 

Reading for Comprehension (YARC) early word reading test.   

To estimate the impact estimate on the secondary outcome we will use a two-level multilevel 

model to account for clustering of data. This is in line with the EEF’s stated preference for 

using multilevel modelling for clustered designs.  

Multilevel approaches assume that the schools in the study are a random sample of all 

schools and the multilevel modelling framework can flexibly handle complex variation 

within/between schools.232425  

The secondary outcome analysis consists of the model for outcomes of pupils nested in 

schools, which is: 

 

𝑌𝑖𝑗 = 𝛽0 + NELI𝑗τ + 𝑍𝑗𝛽1 + 𝑋𝑖𝑗𝛽2 + 𝑢𝑗 + 𝑒𝑖𝑗    (1) 

 

                                                      
19 Huber, Peter J. 1967. “The Behavior of Maximum Likelihood Estimates under Non-standard 
Conditions.” In Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and 
Probability. Berkeley: University of California Press, 221–33. 
20 White, Halbert. 1980. “A Heteroskedasticity-Consistent Covariance Matrix Estimator and a Direct 
Test for Heteroskedasticity.” Econometrica 48: 817–38. 
21 Hoyle, R. H. (1995). The structural equation modelling approach: Basic concepts and fundamental 
issues. 
22 Vandenberg, R. J., & Lance, C. E. (2000). A review and synthesis of the measurement invariance 
literature: Suggestions, practices, and recommendations for organizational research. Organizational 
Research Methods, 3, 4–70. doi: 10.1177/109442810031002  
23 Hox, J. (1998). Multilevel modeling: When and why. In Balderjahn I., Mathar R., Schader M. (eds) 
Classification, Data Analysis, and Data Highways. Studies in Classification, Data Analysis, and 
Knowledge Organization. Berlin, Heidelberg: Springer.  
24 Snijders, T. A. (2005). Power and sample size in multilevel modeling. Encyclopedia of statistics in 
behavioral science, 3, 1570-1573. 
25 Snijders, T. A., & Bosker, R. J. (1994). Modeled variance in two-level models. Sociological methods 
& research, 22 (3), 342-363. 
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where 𝑌𝑖𝑗 is the language variable scored for child i in school 𝑗; NELI𝑗 is a binary indicator of 

the school assignment to intervention [1] or control [0]; 𝑍𝑗 are school-level characteristics, 

here the two stratifying variables of geographical location and number of classes per schools 

(as used for randomisation); 𝑋𝑖𝑗 represents characteristics at pupil level (pupil i in school j), 

specifically the baseline YARC assessment; 𝑢𝑗 are school-level residuals (𝑢𝑗~𝑖. 𝑖. 𝑑 𝑁(0, 𝜎𝑢
2)) 

and 𝑒𝑖𝑗 are individual-level residuals (𝑒𝑖𝑗~𝑖. 𝑖. 𝑑 𝑁(0, 𝜎𝑒
2)). Equation (1) is known as a ‘random 

intercepts’ model because 𝛽0j = 𝛽0 + 𝑢𝑗 is interpreted as the school-specific intercept for 

school 𝑗 and 𝛽0𝑗~𝑖. 𝑖. 𝑑 𝑁(𝛽0, 𝜎𝑢
2) is random as in, it is assumed to be).  

Our target parameter (i.e. the focal result of the trial) τ is the average effect of the 

intervention on pupil outcomes in treatment schools compared to those in control schools.  

All analyses will be performed in Stata26, versions 15.1 onwards. 

Sensitivity analysis 

As a sensitivity analysis we will undertake multilevel modelling for clustered designs for each 

component of the latent variable construct. Child’s’ language skills will be assessed by 

substituting these measures as outcomes into equation 1 (see Secondary outcome 

analysis). The pretest score will be the covariate, and the posttest score the outcome 

measure.  

Exploratory analysis 

As an exploratory analysis we will undertake analysis based on the ATLAS app latent 

construct in a SEM framework. This latent measure will be defined by loadings from the 

ATLAS language app subtests (expressive vocabulary, receptive vocabulary, sentence 

repetition, listening comprehension). The analysis plan for this outcome is identical to that for 

the primary outcome (see Primary outcome analysis). 

Subgroup analyses 

The study is not powered for meaningful sub-group analysis. However, we will report mean 

outcomes by sub-categories of children speaking English as an additional language (EAL) 

and children eligible for Free School Meals (FSM) as a basic descriptive step.  

The rationale to include EAL children is linked to the fact that earlier efficacy studies of the 

NELI programme have suggested that these children were more receptive to the 

intervention.27 In addition, we propose to explore differential effects for FSM pupils as they 

are considered EEF’s key target group 

As an exploratory modelling approach, EAL will be incorporated into the regression analysis 

as a binary variable [1] if a child is EAL, [0] otherwise. The EAL indicator will then be 

interacted with treatment allocation to assess the conditional impact of NELI on EAL pupils. 

We will follow the same strategy for FSM pupils [yes/no] (using the FSMELIGIBLE_SPRxx 

indicator as the FSM variable). 

As these analyses are exploratory and underpowered, we would report point estimates and 

confidence intervals transformed into effect sizes but would not report significance tests/p-

values. 

                                                      
26 Heß, S. (2017). Randomization inference with Stata: A guide and software. The Stata Journal, 
17(3), 630-651. 
27 Sibieta, L., Kotecha, M., & Skipp, A. (2016). Nuffield Early Language Intervention: Evaluation 
Report and Executive Summary. Education Endowment Foundation. 
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Additional analyses 

Imbalance at baseline  

We have taken an active approach to address imbalance by stratifying the randomisation. A 

well-conducted randomisation will, in expectation, yield groups that are equivalent at 

baseline.28 Because schools are randomly allocated to the control and intervention 

conditions, any imbalance at baseline will have occurred by chance. To check for, and 

monitor, imbalance at baseline in the realised randomisation, analyses have been conducted 

at the school and pupil level.  

At the school (setting) level, the analysis have looked at the following variables, by means of 

cross-tabulations and histograms that assess the distribution of each characteristic within 

control and treatment groups aggregated from the data in the study sample (rather than 

publically available school-level statistics):  

• Proportion of children in Reception speaking English as an additional language 

(EAL). 

• Average ATLAS app score of children assessing in Reception. 

Additionally, once available we will also check for balance in the following variables: 

• Proportion of children in Reception classrooms eligible for FSM.  

• Proportion of all children in the school eligible for FSM. 

At the individual (pupil) level, balance was assessed for the following characteristics: 

                                                      
28 Glennerster, R. and Takavarasha, K. (2013) Running randomized evaluations: a practical guide. 
London: Princeton University Press. 



 

• EAL status 

• Gender 

• Average age in months 

• Language composite score 

• ATLAS app score 

• CELF expressive vocabulary 

• CELF recalling sentences 

• RAPT information 

• RAPT grammar 

• YARC 

 

Later in the study FSM status for pupils will be obtained from the National Pupil Database 

(NPD). As the FSM status becomes available, we will assess its balance at individual-level.  

 

Statistical significance tests were not carried out to assess the balance, as their premise 

does not hold in randomised control trials.29 Instead, tables of the means (and standard 

deviation, where appropriate) for each characteristic are presented along with distributions. 

We have not observed any significant difference in the magnitude of any of the variables 

included (Table 4 and Table 5 below).3031 

 

BASELINE CHARACTERISTICS AND PERFORMANCE OF PUPILS: 

Table 4 and Table 5 document balance between children and schools allocated in different 

interventions arms. We conclude that randomisation resulted in intervention and control 

groups that are comparable in terms of school characteristics (Table 4) as well on children’s 

characteristics and language attainment.  

Table 4. School level characteristics 

 Total number of children in Reception classrooms (n=5,891) 

 Intervention (n=2,993) Control (n=2,898) 

EAL status  

No 

Yes 

Missing 

 

2449 (82%) 

505 (17%) 

39 (1%) 

 

2334 (81%) 

497 (17%) 

67 (2%) 

ATLAS app score 

Mean 

St. Deviation 

 

-0.006 

(1.008) 

 

0.006 

(0.992) 

   

                                                      
29 Baseline Data. Consort 2010. Retrieved 26 March 2019: http://www.consort-
statement.org/checklists/view/32-consort/510-baseline-data      
30 There is a convention in some disciplines that a 10pp (or larger) difference in treatment and control 
means at baseline constitutes ‘imbalance’ is thus justification for including those measures in 
sensitivity analyses, but there are counter-arguments to this idea. See Roberts, C. and Torgerson, D. 
(1999) ‘Baseline imbalance in randomised controlled trials’, BMJ, 319:185; de Boer et al. (2015) 
‘Testing for baseline differences in randomized controlled trials: an unhealthy research behavior that 
is hard to eradicate’, International Journal of Behavioral Nutrition and Physical Activity, 12:4. 
31 Senn, S. (1994) ‘Testing for baseline balance in clinical trials’, Statistics in Medicine, 13: 1715-
1726. 

http://www.consort-statement.org/checklists/view/32-consort/510-baseline-data
http://www.consort-statement.org/checklists/view/32-consort/510-baseline-data
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Table 5. Pupil baseline characteristics 

 Total Sample (n=1183) 

 

 

 

Gender 

Male 

Female 

Observations 

 

337 (57%) 

254 (43%) 

591 

 

315 (53%) 

277 (47%) 

592 

Age in months 

Mean 

St. Dev.  

Observations 

 

52.20 

(3.498) 

591 

 

52.36 

(3.513) 

592 

EAL status 

No 

Yes 

Observations 

 

383 (65%) 

202 (34%) 

585 

 

376 (64%) 

203 (34%) 

597 

ATLAS COMPOSITE Z- score 

Mean 

St. Deviation 

Observations 

 

-1.277 

(0.698) 

591 

 

-1.272 

(0.684) 

592 

Language composite Z-score 

Mean 

St. Deviation 

Observations 

 

-1.053 

(0.552) 

583 

 

-1.062 

(0.545) 

571 

CELF expressive vocabulary 

Mean 

St. Dev 

Observations 

 

-0.0111 

(1.028) 

583 

 

0.012 

(0.969) 

571 

CELF recalling sentences 

Mean 

St. Dev. 

Observations 

 

0.014 

(1.004) 

583 

 

-0.011 

(0.996) 

571 

RAPT information  

Mean 

St. Dev. 

Observations 

 

-0.059 

(1.027) 

 

583 

 

0.065 

(0.964) 

571 

RAPT grammar 

Mean 

St. Dev. 

Observations 

 

-0.027 

(1.021) 

 

583 

 

0.031 

(0.977) 

 

571 

Early Word Reading 

Mean 

 

0.023 

 

-0.023 
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St. Dev. 

Observations 

(1.107) 

 

583 

(0.879) 

 

571 



 

Missing data  

Missing data can arise from item non-response or attrition of participants at school and pupil 

levels. Even though it is important to include all data, it can be problematic to apply the 

intention to treat principle if we are not able to complete follow up testing for all randomised 

schools. We propose the following steps for dealing with missing data.  

Firstly, the ideal solution to the problem is to avoid missing data altogether. We will attempt 

to follow up with all randomised schools even if they withdraw from allocated treatment.  

If the data are incomplete, we will first determine the proportion of missing data in the trial. 

We will explore attrition across trial arms as a basic step to assess bias.32 We will provide 

cross-tabulations of the proportions of missing values on all baseline characteristics (as 

detailed in the previous section, at both pupil and school level), as well as on the primary 

outcome measures. 

To assess whether there are systematic differences between those who drop out and those 

who do not – and thus whether these factors should be included in analysis – we will model 

missingness at follow-up as a function of baseline covariates, including treatment. The 

analysis model for this approach will mirror the multilevel level model given above (pupils 

clustered in classes), but the outcome will be a binary variable identifying missingness 

(yes/no).  

For less than 5% missingness overall, a complete-case analysis might suffice (i.e. assuming 

data are Missing Completely at Random (MCAR)), but our default will be to check results 

using approaches that account for missingness but that rely on the broader weaker Missing 

at Random (MAR) assumption. Our preference is to use Full-Information Maximum 

Likelihood (FIML) over multiple-imputation because FIML can be estimated in a single model 

and simulation studies show that it can reduce bias as well as MI (for a discussion of FIML 

vs MI.33  

Compliance  

Given the complex nature of the programme, there are various indicators that could be used 

to capture the dosage and fidelity. Our suggested strategy to determine compliance is to 

create a dummy indicator primarily focusing on training, and the amount of NELI session 

delivered in the school. The compliance measure we propose involves scoring separate 

elements of implementation (see Table 7 in Appendix B), weighting some elements as more 

important than others. If a school scores over 80% (56 points or above) on this measure, it 

would be considered as high “complier” and would take a value one in the dummy variable. 

The scoring would then inform the creation of the variable described above. We suggest that 

missing data on any measure to be scored as zero. We have also suggested that schools 

should not have sight of the compliance checklist.  

Given imperfect compliance, we will draw on instrumental variable (IV) approaches, using 

two-stage least squares (2SLS) estimation to recover the treatment effect for those who 

complied with assignment. The first stage estimates if the assignment to NELI pushes 

schools to take up treatment (the first stage regresses treatment assignment on compliance 

(as defined below)). This will estimate the compliance rate. Results for the first stage will 

report the correlation between the instrument and the endogenous variable; and an F test.  

The second stage of the IV estimation predicts the outcome using the compliance rate 

                                                      
32 Higgins, J., Altman, D., Gøtzsche, P., Jüni, P., Moher, D., Oxman, A., Savovic, J., Schulz, K., 
Weeks, l. and Sterne, J. Cochrane bias Methods Group, Cochrane Statistical MethodsGroup (2011). 
The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ, 343, 
d5928. 
33 Allison, P. D. (2003). Missing data techniques for structural equation modeling. Journal of abnormal 
psychology, 112(4), 545. 
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estimated in the first regression (for more information, see Angrist & Krueger, 1991; Angrist 

2006).     

Intra-cluster correlations (ICCs) 

The ICC is key parameter for clustered trials. It represents the proportion of variance in a 

given outcome that can be explained by the variation within clusters as opposed to between 

them. 

One concern in using ICC estimates based on similar language measures is whether they 

are appropriate for the planned programme. If an inaccurate estimate for the ICC is used, 

the resulting sample size estimate may be either too large or too small.   

Pre-intervention ICC 

The pre-intervention ICC has been estimated from the ATLAS app data from both control 

and intervention schools by using the loneway command in Stata. The ATLAS app data was 

available post-randomisation thus our original power calculations were not based on the ICC 

derived from the screening data (for more information please look at Sample size 

calculations overview). We have not made any adjustments when calculating the ICC as 

adjusting for covariates leads, in general, to smaller ICCs. Data on 193 schools shows that 

the ICC within schools based on the ATLAS app data is ICC=0.117 with 95% confidence 

intervals (0.089-0.145).  

We will re-estimate the ICC when the post-trial ATLAS data is available. 

Effect size calculation   

We will use the effect sizes for cluster-randomised trials given in the EEF evaluator 

guidance, an example, adapted from Hedges is given below34: 

𝐸𝑆 =
(�̅�𝑇 − �̅�𝐶)𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑

√𝜎𝑆
2 + 𝜎𝑒𝑟𝑟𝑜𝑟

2

 

Where (�̅�𝑻 − �̅�𝑪)𝒂𝒅𝒋𝒖𝒔𝒕𝒆𝒅 is the mean difference between intervention groups adjusted for 

baseline characteristics and √𝝈𝑺
𝟐 + 𝝈𝒆𝒓𝒓𝒐𝒓

𝟐  is an estimate of the population standard deviation 

(variance). From the primary outcome model, we will take each group’s latent mean and 

variance to calculate the effect size. In the multi-level models this variance will be the total 

variance (across both pupil and school levels, without any covariates, as emerging from a 

‘null’ or ‘empty’ multi-level model with no predictors). The ES therefore represents the 

proportion of the population standard deviation attributable to the intervention.35 A 95% 

confidence interval for the ES, that takes into account the clustering of pupils in schools, will 

also be reported. Effect sizes will be calculated for each of the regressions estimated. 

                                                      
34 Hedges, L. V. (2007). Effect sizes in cluster-randomized designs. Journal of Educational and 
Behavioral Statistics 32, 4:. 341 - 370 https://doi.org/10.3102/1076998606298043  
35 Hutchison, D., & Styles, B. (2010). A guide to running randomised controlled trials for educational 
researchers. Slough: NFER. 



 

Appendix A: Outcome Testing  
Table 6: Outcome testing 

                                                      
36 Sibieta, L., Kotecha, M., & Skipp, A. (2016). Nuffield Early Language Intervention: Evaluation Report and Executive Summary. Education Endowment Foundation. 
37 Dunne, L., & Miller, S. Unpublished. The Nuffield Early Language Intervention Study. London: Education Endowment Foundation. 
38 Fricke, S., Bowyer-Crane, C., Haley, A. J., Hulme, C. and Snowling, M. J. (2013) ‘Efficacy of language intervention in the early years’. The Journal of Child Psychology 
and Psychiatry, 54: 3, 280 290 
 

 
Scale 

Relevant sub-scale In the IFS efficacy study? 36 In the QUB protocol? 37 In the current 
ISRCTN trial 
registration?  

RAND proposal 

Outcomes included in previous EEF evaluation and suggested for the current evaluation 

CELF Preschool 
2UK 

CELF expressive 
vocabulary 

In the IFS efficacy study – positive effect, as part of a composite measure (at 
10% level).  

Yes as primary 
outcome. 

Yes Primary outcome 

RAPT 
 

Information In the IFS efficacy study – positive effect, as part of a composite measure (at 
10% level). However, no effect of the subscale on its own. 

Yes as primary 
outcome 

Yes Primary outcome  

RAPT Grammar In the IFS efficacy study – positive effect, as part of a composite measure (at 
10% level).  However, no effect of the subscale on its own. 

Yes as primary 
outcome. 

Yes Primary outcome  

YARC early word 
reading test 

Early word 
reading  

In the IFS efficacy study – no effect, as part of a composite measure or 
individually.  

Yes as secondary 
outcome. 

Yes Secondary outcome – to monitor 
potential negative impact 

Outcomes not used in the previous EEF evaluation but suggested for the current evaluation  

CELF Preschool 
2UK 

CELF recalling 
sentences  

Not included –it was used in previous NELI study for screening38 Yes as primary 
outcome. 

Yes Primary outcome 

Other ATLAS No No Yes Secondary outcome – Agreed 
during the IDEA workshop  

Outcomes used in previous EEF evaluations but not suggested for this one 

YARC early word 
reading test 

Letter knowledge In the IFS efficacy study – no effect, as part of a composite measure or 
individually 

No No Do not include 
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39 Children listen to recordings of four short stories and answer questions about them. The listening comprehension test is a measure created by the NELI project 
developers, based on the York Assessment of Reading Comprehension test, YARC. The stories and questions are published in the YARC test with a reference as follows: 
Snowling, M.J., Stothard, SE., Clarke, P., Bowyer-Crane, C., Harrington, A., Truelove, E., Nation, K., & Hulme, C. (2009) YARC York Assessment of Reading for 
Comprehension Passage  Reading. Oxford: GL Publishers.   

Other Spelling test In the IFS efficacy study – no effect, as part of a composite measure. But a 
positive effect for this subscale.. 

No No Do not include  

YARC 
adaptation39 

Listening 
comprehension  

In the IFS efficacy study – positive effect, as part of a composite measure (at 
10% level).  However, no effect of the subscale on its own. 

Yes as primary 
outcome. 

No Do not include 



 

Appendix B: Compliance  
Table 7: Compliance measures for NELI 

Adherence to the programme 
  

Measure Data source Tasks Compliance 
score 

Weight 

Attendance 
at all NELI 
training 
sessions 
for TAs 

Register of 
attendance 

a. Attendance at Part 1 TA training, day 1     

• 50%-80% of TAs attend 1 1 

• 81%+ of TAs attend 2 2 

b. Attendance at Part 1 TA  training, day 
2 

  

• 50%-80% of TAs attend 1 1 

• 81%+ of TAs attend 2 2 

c. Attendance at Part 2 TA training 
  

• 50%-80% of TAs attend 1 1 

• 81%+ of TAs attend 2 2 

  Max. score  9 

Attendance 
at NELI 
session for 
teachers 

Register of 
attendance 

a. Attendance at Teacher training, day 1 
  

one or more Reception teachers attend 1 1 

  Max. score 1 

Number of 
group NELI 
sessions 
completed 

Fidelity 
record 

a. Number of group sessions at 1st half 
term 

  

• 70-90% of group sessions completed 1 2 

• 91%+ of group sessions completed 2 4 

b. Number of group sessions at 2nd half 
term 

  

• 70-90% of group sessions completed 1 2 

• 91%+ of group sessions completed 2 4 

c. Number of group sessions at 3rd half 
term 

  

• 70-90% of group sessions completed 1 2 

• 91%+ of group sessions completed 2 4 

d. Number of group sessions at 4th half 
term 

  

• 70-90% of group sessions completed 1 2 

• 91%+ of group sessions completed 2 4 
 

Max. score 24 

Number of 
individual 
NELI 
sessions 
completed 

Fidelity 
record 

a. Individual sessions at 1st half term 
  

• 70-90% of individual sessions 
completed 

1 3 

• 91%+ of individual sessions completed 2 6 

b. Individual sessions at 2nd half term 
  

• 70-90% of induvial sessions 
completed 

1 3 

• 91%+ of individual sessions completed 2 6 

c. Individual sessions at 3rd half term 
  

• 70-90% of individual sessions 
completed 

1 3 

• 91%+ of individual sessions completed 2 6 

d. Individual sessions at 4th half term 
  

• 70-90% of group sessions completed 1 3 

• 91%+ of group sessions completed 2 6 

  Max. score 36 

Maximum score achievable for programme adherence 70 

 


