. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of York.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/141754/

Version: Accepted Version

Article:

Lortie-Forgues, Hugues and Inglis, Matthew (2019) Rigorous Large-Scale Educational
RCTs are Often Uninformative:Should We Be Concerned? Educational Researcher. pp.
158-166. ISSN: 0013-189X

https://doi.org/10.3102/0013189X19832850

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ <&, | University of

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://doi.org/10.3102/0013189X19832850
https://eprints.whiterose.ac.uk/id/eprint/141754/
https://eprints.whiterose.ac.uk/

Rigorous Large-Scale Educational RCTs are Often Uninformative: Should We Be

Concerned?

Hugues Lortie-Forgues

University of York, UK

Matthew Inglis
Loughborough University, UK

Department of Education
University of York

York

YO10 5DD

United Kingdom

Email: hugues.lortie-forgues@vyork.ac.uk

Please cite as:

Lortie-Forgues, H., & Inglis, M. (in press). Rigorous Large-Scale Educational RCTs are

Often Uninformative: Should We Be Concerned? Educational Researcher.

Acknowledgements
We are grateful to Adrian Simpson for his suggestions and for alerting us to a problem with an
R function used to calculate results in an earlier version of this manuscript. We thank David
W. Braithwaite, Steve Higgins, Robert M. Klassen, Michael Schneider, and ZhiMin Xiao for
their suggestions; Erin Pollard (IES) for assistance with NCEE trials, and Anh Nguyen Van

Pham for assistance with coding.



Abstract
There are a growing number of large-scale educational Randomized Controlled Trials (RCTs).
Considering their expense, it is important to reflect on the effectiveness of this approach. We
assessed the magnitude and precision of effects found in those large-scale RCTs commissioned
by the EEF (UK) and the NCEE (US) which evaluated interventions aimed at improving
academic achievement in K-12 (141 RCTs; 1,222,024 students). The mean effect size was 0.06
standard deviations (SDs). These sat within relatively large confidence intervals (mean width
0.30 SDs) which meant that the results were often uninformative (the median Bayes factor was
0.56). We argue that our field needs, as a priority, to understand why educational RCTs often

find small and uninformative effects.



Rigorous Large-Scale Educational RCTs are Often Uninformative: Should We Be
Concerned?

Large-scale Randomized Controlled Trials (RCTs) are now regularly used to evaluate
educational interventions. For example, the US-based National Center for Educational
Evaluation and Regional Assistance (NCEE) started funding large-scale RCTs in 2002, and
the UK-based Education Endowment Foundation (EEF) has funded more than 160 since
2012. This trend is not limited to these two countries: in recent years funding organizations in
the European Union (e.g., European Schoolnet), Japan (e.g., Nippon Foundation), Australia
(e.g., Social Ventures), Switzerland (e.g., Jacob’s Foundation), Brazil (e.g., Lemann
Foundation) and Bangladesh (e.g., BRAC) have also prioritized RCTs in education.

Evaluating the efficacy of educational programs before implementation is important
to avoid wasting resources. In medicine, there are many instances where RCTs have shown
that promising treatments were ineffective or harmful (Sibbald & Roland, 1998). However,
conducting large-scale RCTs is expensive. For example, the EEF spends around £500,000 per
trial (EEF, 2015a). Given the growing number of large-scale RCTs in education, and their
expense, it is important to reflect on how informative this new research focus has been. To
our knowledge, no study has systematically evaluated this recent trend. In this paper we use
empirical data from two prominent educational funding bodies to evaluate the typical effects
produced by large-scale educational RCTs. Our aim is to provide an empirical basis for
discussions of the field’s efforts to build rigorous scientific evidence.

Randomized Control Trials

RCTs are widely regarded as the ‘gold standard’ for measuring the efficacy of
interventions (Pocock, 1983). In their simplest form, participants are randomly assigned to an
experimental group which receives the intervention, or a control group that receives an
alternative treatment or possibly no treatment. The effectiveness of the intervention is then
determined by comparing the outcomes between groups. RCTs are highly regarded because,
compared with other types of studies (e.g., case studies), they ensure that the groups are
probabilistically identical at the outset and that any difference in outcome are therefore
caused by the intervention (assuming that the probability of the difference occurring by
chance is sufficiently low).

Unfortunately, not all RCTs are of the same quality (e.g., Higgins et al., 2011). The
conclusions of an RCT can be distorted or of limited use if, for example, the sample is too
small or not representative, if the allocation of the participants is compromised, if the

outcomes are selectively reported, if attrition is ignored, or if the outcome measure provides



an unfair advantage to the intervention group (by including, for example, material that is
taught to the intervention group but not the control group).

In the paper, we focus on RCTs commissioned by the EEF and NCEE. Both
organizations commission trials that involve large numbers of participants, often more than a
thousand per trial. Moreover, to ensure the quality of their trials, both organizations follow
strict methodological guidelines that include comparing the intervention to an active control
group, using reliable and valid outcome measures that are not excessively aligned with the
intervention, preregistering measures and analyses, commissioning independent evaluators to
randomize the participants and analyse the data, and publishing the findings regardless of
outcome (EEF, 2017; NCEE, 2017).

The EEF and NCEE are not the only funders who commission rigorous large-scale
RCTs (for example, the National Center for Education Research (NCER), another US-based
funder, also commissions similar trials). However, they are the only funders we know of who
explicitly require all their trials to be published in a standard format that prevents publication
bias. This is vital, as publication bias can substantially inflate effects in published results
(Rosenthal, 1979).

The EEF and NCEE share many principles, but their trials are not identical. Both
funders claim to evaluate promising interventions, but the way these are selected differs. For
the EEF, the trials are initiated by investigators (e.g., universities, schools) through
competitive grant programs. The applicant provides evidence for the principles behind the
intervention and evidence of effectiveness, which is then evaluated via a review process. In
contrast, the NCEE tests promising interventions that are initiated by the U.S. government.
The two funders also differ in the type of trial they conduct. The EEF commissions both
efficacy trials (trials meant to test the intervention in ideal conditions) and effectiveness trials
(typically larger trials tested in more representative conditions with less oversight from the
developers). In contrast, the NCEE only commissions effectiveness trials.

What Should We Expect From Rigorous Large-Scale RCTs?

The goal of all empirical research is to produce new information, and the same is true
for rigorous large-scale RCTs in education. Unsurprisingly then, both the EEF and NCEE
state that they aim to produce informative RCTs (EEF 2015a; NCEE, 2013). While there may
be more direct classroom implications when an RCT finds that an intervention works (at least
in comparison to the activity undertaken by the control group), RCTs which convincingly
demonstrate that a given intervention does not work are equally valuable. Given this, in our
terms a trial is informative if it allows us to determine with confidence that an educational

intervention is either effective or ineffective. A trial is uninformative if its findings are



consistent with the associated intervention being either effective or ineffective. Whether or
not an RCT is informative in these terms therefore depends upon both its effect size and the
precision with which that effect size is estimated.

Effect Sizes. The typical effect of educational interventions is usually said to fall
between 0.25 and 0.50 standard deviations (SDs) (e.g., Hattie, 2009; Hill, Bloom, Black, &
Lipsey, 2008; Lipsey & Wilson, 1993). For example, Hattie’s (2009) synthesis of more than
800 educational meta-analyses found an average effect size of 0.40 SDs. However, we might
expect rigorous large-scale RCTs to produce smaller effect sizes than those present in the
wider literature. One reason concerns the distinctive methodological features of these studies.
For example, studies with randomized designs typically produce smaller effects than non-
randomized studies: Cheung and Slavin (2016) found that the effect sizes from randomized
educational experiments was 0.16 compared to 0.23 for non-randomized quasi-experimental
studies. Likewise, studies using independent outcome measures, such as standardised tests,
tend to produce smaller effects than studies using researcher-made measures. For instance,
when comparing the performance of 5™ and 6 graders on a standardized test of reading, the
impact of an additional year of instruction and maturation is only around 0.23 SDs (Bloom,
Hill, Black, & Lipsey, 2008). Similarly, studies comparing the intervention to an active
control group, studies using conservative data-analyses (e.g., intention to treat), and studies
sampling from large and heterogeneous populations also tend to produce smaller effect sizes
(e.g., Cheung & Slavin, 2016; Karlsson & Bergmark, 2015). All these characteristics, which
are present simultaneously in rigorous large-scale RCTs, are likely to reduce estimates of
effect size.

Rigorous large-scale RCTs might also produce smaller effect sizes than those found
in the wider literature because parts of this literature are biased. Unfavorable findings from
traditional research are less likely to be published (Rosenthal, 1979), and many researchers
selectively report analyses and conduct unplanned analyses (John, Lowenstein, & Prelec,
2012). Both phenomena — which are prevented by the EEF’s and NCEE’s state-of-the-art
methodological requirements — increase the proportion of false positives and cause inflated
effects in traditional research. Illustrative of this point are recent relatively unsuccessful
attempts to replicate published psychology findings (Open Science Collaboration, 2015).

All of these factors suggest that the effect sizes which we should expect from rigorous
large-scale RCTs will be lower than those found in the wider educational literature.
Specifically, we would certainly expect effect sizes lower than the 0.4 reported by Hattie

(2009), and probably lower than those associated with a year of maturation and instruction



(e.g., 0.23 SDs from 5" to 6" grade; Bloom et al., 2008). However, it is unclear how much
lower. Addressing this question is one aim of the current study.

Precision. A second component of an RCT’s informativeness is the precision with
which the effect size is estimated (i.e., the width of the confidence interval around this
estimate). Precision is largely determined by the number of participants in the trial: the more
participants, the more precise the estimate. Precision is crucial to the interpretation of a trial’s
outcome. When the effects are small, low precision may mean that a trial cannot determine
whether an intervention is effective or ineffective; i.e., that the trial is uninformative (for
instance, an RCT which yielded an effect size estimate of 0 within a confidence interval of -
0.25 to 0.25 would be consistent with three different possibilities: that the intervention is
ineffective, that it has a positive effect of practical significance, and that it has a negative
effect of practical significance). Consequently, measuring effect sizes with appropriate
precision — with appropriate power — is critical. Unfortunately, appropriately powering a trial
can be challenging, because of the large number of participants required and the clustered
nature of educational data.

Bayes factors. An alternative way of evaluating a study’s informativeness is to
calculate a Bayes factor, which quantifies the relative evidence that the data provide for one
hypothesis compared to another (Jeffreys, 1961). For example, a Bayes factor of 5 in favour
of the alternative hypothesis against the null hypothesis implies that the observed data are 5
times more likely under the alternative than under the null. The Bayesian approach has the
advantage over traditional null hypothesis significance testing in that it allows one to
determine which of three possibilities the data support: the null hypothesis of no effect, an
alternative hypothesis that models the effect expected if the intervention were effective, or
neither of these (i.e. the data are uninformative) (Dienes, 2011). Jeffreys (1961, appendix B)
offered guidelines by which Bayes factors can be interpreted, suggesting that figures between
3 and 1/3 are “hardly worth mentioning”. In other words, if the observed data are less than 3
times as likely to occur under the alternative as the null (or vice versa) then the trial is
uninformative. Jeffrey’s further suggested that Bayes factors between 3 and 10 (or 1/3 and
1/10) indicate moderate evidence; those between 10 and 30 (1/10 and 1/30) indicate strong
evidence; those between 30 and 100 (1/30 and 1/100) indicate very strong evidence; and
those over 100 (below 1/100) indicate decisive evidence.

In sum, our goal was to assess the extent to which rigorous large-scale RCTs in
education are informative. Addressing this goal is important. In view of the recent increased
focus on educational RCTs, and the relatively high cost of conducting them, it is important

that the field reflects on the extent to which they provide useful information. To address this



we: first, assessed the size of the effects produced by rigorous large-scale RCTs; second,
considered how precisely these effects were estimated (by calculating associated confidence
intervals); and third, directly determined whether or not these trials were informative by

calculating Bayes factors.

Method

Identification

For the EEF trials, we retrieved all the evaluation reports available in the projects and
evaluation section of the EEF website (98 reports). For the NCEE trials, we first retrieved the
abstracts of all the reports with a NCEE number on the publications and products search
database of the Institute of Education Sciences (IES) and on the ERIC database (302
abstracts). Both authors then read all the abstracts independently to determine their suitability
for the study. Most NCEE reports were not describing trials, were summarizing trials
described in other reports, or were describing trials that were not yet completed (interim
reports). In total, only 56 reports were considered relevant. All 154 reports (98 EEF, 56
NCEE) were then read. Some of the reports included two or more trials testing different
interventions with different participants. These trials were considered to be independent. In
the end, 190 independent trials (119 EEF; 71 NCEE) were matched against our eligibility
criteria. The search was finalized on June 1%, 2018.
Eligibility

For a trial to be eligible: (a) allocation to the intervention and control groups had to be
random, (b) students had to be in grades K-12 (Key Stages 1 to 4 in the UK), and (c) the
outcome(s) had to be of an academic nature. Pilot trials (i.e., small-scale trials evaluated
mainly through qualitative measures) were excluded. Eligibility was determined by the two
authors and discussion was used to resolve discrepancies.
The Sample

Of the 190 trials considered, 141 matched our eligibility criteria and were included in
the analysis: 82 trials from the EEF (140 distinct effect sizes, 790,279 students) and 59 trials
from the NCEE (131 distinct effect sizes, 431,745 students). A full list of trials included in
our sample is given in the Supplemental Material available online.
Extraction and Coding

All the trials reported their outcomes in terms of standardized mean differences
(which, for simplicity, we refer to as ‘effect sizes’). These were directly extracted from the

reports. We recorded only effect sizes associated with primary academic outcomes (i.e., the



main outcomes that the trial was designed to address). When the report did not identify which
outcome was primary, we used the effect sizes reported in the summary of the evaluation
report. When a trial reported multiple primary outcomes, we only considered a single,
randomly selected outcome to avoid violating statistical independence (Lipsey & Wilson,
2001). To compare, we also conducted additional analysis: (i) using the first outcome
reported, (i) using the outcome associated with the largest effect size, and (iii) using every
outcome from every trial as if they were independent (as shown in the Supplemental
Material, all these approaches gave broadly similar findings). Effect sizes were coded as
positive when the intervention group performed better than the control group and negative
when it performed worse.

To measure how precisely effect sizes were estimated, we coded the standard error of
each effect (SEq) which was retrieved from the report, or estimated from the 95% confidence
interval or the p-value when not available. In 8 trials (14 distinct outcomes) there was not
enough information to compute the SEq4. In these cases the value was estimated from the
sample size and effect size (see Borenstein et al., 2009, p. 27), a procedure which ignores
clusters, and thus can overstate the accuracy of the estimated effect. Excluding these 8 trials
from our analysis does not materially affect our conclusions.

We also coded the topic of the outcome measures (e.g., reading, mathematics), the
age of participants, the sample size, and the report’s year of publication. For the EEF trials,
we also coded the type of trial (efficacy or effectiveness), the total cost of the trial, the cost of
the intervention per pupil (a number from 1 [low-cost] to 5 [high-cost]), and the quality of
trial (a number from 0 [low-quality] to 5 [high-quality]). These latter two variables were
determined by EEF-commissioned reviewers (EEF, 2015b; 2016).

To ensure the accuracy of the data entry, all the characteristics (e.g., type, cost...) of
43 randomly selected trials (30% of all trials) were recoded independently by a second rater.
The match was 99%. Discussion was used to resolve the discrepancies. The raw data are
available in the Supplemental Material available online.

Results

The included interventions targeted students in elementary school (59%), secondary
school (22%), kindergarten (6%) or a combination of these levels (14%). Most outcome
measures were related to language (63%) or mathematics (27%), but some were related to
sciences (3%), economics (1%), or encompassed more than one topic (6%).

Figure 1 shows the distribution of observed effect sizes, which was unimodal. Figure
2 shows a funnel plot of the sample sizes (represented by the inverse of the variance) against

the effect size of each trial, and indicates that more extreme effects (positive and negative)



were typically found in smaller, less precise, trials. Table 1 summarizes the findings of EEF

trials, NCEE trials, and of both funders combined.
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Figure 2. A funnel plot of effect sizes from the
trials commissioned by the EEF (82 trials)

and NCEE (59 trials).

Table 1. Description of the trials commissioned by the EEF and NCEE.

EEF NCEE Overall
N. trials 82 59 141
Total N. participants 790,279 431,745 1,222,024
Median N. per trial 2,222 2,594 2,386
Effect size
Min -0.16 -0.15 -0.16
Max 0.74 0.40 0.74
Median 0.01 0.05 0.03
% positive 60% 71% 65%
Unweighted Mean 0.06 0.06 0.06
95% CI (0.03; 0.09) (0.03;0.09) (0.04; 0.08)
Weighted Mean 0.03 0.05 0.04
95% CI (0.01; 0.05) (0.03;0.07) (0.03; 0.05)
Q 159.69 147.03 325.03
12 66% 64% 68%
Precision
Mean CI Width 0.34 0.23 0.30
Median CI Width 0.27 0.20 0.24
% effect size sig. > 0 18% 29% 23%
Mean MDES 0.24 0.17 0.21
Median MDES 0.19 0.15 0.17
Average Power 22% 25% 23%
Median Power 14% 21% 17%
Informativeness
Bayes Factor
% Uninformative 40% 39% 40%
% Supporting HO 40% 24% 38%
% Supporting Ha 20% 27% 23%
Median 0.50 0.67 0.56

Notes: Power was calculated assuming an effect size of 0.06. Bayes Factors were calculated by modelling the alternative
hypothesis with a half normal distribution with mean 0 and SD 0.2.



Effect Sizes

There were 141 distinct trials. The total number of participants was 1,222,024 and the
median number of participants per trials was 2386. Of these trials, 91 (65%) reported effect
sizes above zero. Effect size estimates ranged from -0.16 to 0.74, with a median of 0.03. The
unweighted mean of the effect size estimates was 0.06, 95% CI [0.04, 0.08]. This mean was
the same for the EEF and the NCEE trials and was minimally sensitive to the way effect sizes
were selected in trials with multiple outcomes (see Supplemental Material available online).

Heterogeneity was moderate but statistically significant (Q = 325.03, df = 140, p <
.001; I’ = 68%), suggesting that the effect sizes varied in magnitude beyond that expected by
chance. Considering that the trials were substantially different to one another (e.g., different
topics, participants, outcome measures), this was to be expected. Based on a random-effects
model, the mean of the weighted effect size was 0.04, 95% CI [0.03, 0.05].

Subgroup analyses. We measured how stable effect sizes were across age groups,
topics of outcome measure, cost of the trial, year of publication, type of trial, and reported
quality of the trial. We analysed EEF and NCEE trials independently because not all the
variables were comparable between the two funders. Moreover, because some of the trials
involved multiple age groups and/or topic of outcome measures, we conducted the analysis at
the effect size level (i.e., effect sizes of trials with multiple outcomes were treated as
independent). Subgroups including less than five effect sizes were excluded from the
analysis. As seen in Tables 2 and 3, none of the moderators tested were significant, except
type of trial in the EEF sample. Efficacy trials were associated with slightly larger effect sizes

than effectiveness trials.



Table 2. Analysis of the subgroups identified in the trials commissioned by the EEF.

Subgroup k Mean 95% CI Q df(Q) p-value
Topic
Language: Reading 63 0.04 (0.01, 0.04)
Mathematics 35 0.04 (0.02, 0.07)
Language: General 20 0.03 (-0.01, 0.07) 8.89 4 0.064
Combination 10 0.00 (-0.02, 0.02)
Language: Writing 8 0.13 (0.06, 0.21)
Level
Kindergarten 5 0.08 (0.00, 0.17)
Elementary 86 0.04 (0.02, 0.05)
Secondary 36 0.03 (-0.01, 0.06) 4.45 3 0.216
Elem & Sec 13 0.09 (0.00, 0.18)
Type of trial
Efficacy trial 117 0.05 (0.03, 0.07)
Effectiveness trial 23 0.01 (0.00, 0.02) 4.23 ! 0.040
Subgroup k  Coefficient Y4 p-value
Year of publication
2014 t0 2018 140 -0.01 -1.70 0.090
Quality trial
0 (low) to 5 (high) 139 0.00 -0.70 0.486
Cost intervention per pupil
1 (low) to 5 (high) 140 0.00 0.55 0.584
Cost trial
70K to 1.4M 140 0.00 -1.76 0.078

Table 3. Analysis of the subgroups identified in the trials commissioned by the NCEE.

Subgroup k Mean 95% CI Q df(Q) p-value
Topic
Language: Reading 61 0.04 (0.02, 0.06)
Mathematics 39 0.04 (0.01, 0.06)
Language: General 17 001 (003,004 6 3 004
Combination 6 0.15 (0.07; 0.23)
Level
Kindergarten 10 0.01 (-0.06, 0.08)
Elementary 73 0.06 (0.04, 0.08)
Secondary 24 0.03 (0.00, 0.06) 774 3 0.052
Elem & Sec 22 0.03 (0.02, 0.04)
Subgroup k  Coefficient Y4 p-value
Year of publication
2008 to 2018 131 0.00 -0.05 0.96

Precision of Effect Sizes

Using the standard error (SEq), we computed the 95% confidence interval surrounding

each observed effect. Descriptive statistics are shown in Table 1. On average, the width of the

confidence intervals was 0.30 (median: 0.24). The average width was larger in EEF trials

(0.34) than in NCEE trials (0.23). Again, these values were not substantially influenced by

the way effect sizes were selected in trials with multiple outcomes.



Statistical significance and power. Given the size of the effects observed and the
relatively low precision at which they were measured, few effects reached statistical
significance. In total, 32 effect sizes (23%) were significantly greater than zero and 4 (3%)
were significantly lower than zero. Using the standard error associated with each effect size
(SEq), we computed the smallest effect size that each trial could reliably detect — the Minimal
Detectable Effect Size (MDES) — by multiplying each trial’s SEq4 by 2.80. This gave the
effect size that the trial had an 80% chance of detecting, given an alpha of .05 (Alasuutari,
Bickman, & Brannen, 2008). The average MDES was 0.21 SDs. As shown in Figure 3, for
more than 93% of the trials the MDES was greater than the effect size observed.
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Figure 3. A scatterplot showing the relation between the minimum detectable effect sizes
(MDES) and observed effect sizes in the trials commissioned by the EEF and NCEE. The
diagonal line represents obtained effect sizes equal to the MDES of the trial. Points below the
diagonal represent obtained effect sizes below the MDES of the trial, points above the
diagonal represent obtained effect sizes above the MDES of the trial.

We also computed the statistical power that each trial had to detect an effect size of
0.06 — the mean effect size observed in our sample of trials (e.g., Cohen, 1988). On this
method, the average power of the trials was 23% (median 17%), much lower than the
commonly recommended 80%. Only 9 trials (6%) had at least 80% chance of detecting such

an effect.



Bayes Factor

For each trial we calculated a Bayes factor, following the method suggested by
Dienes, Coulton and Heather (2017). This quantified how likely the data were under the null
hypothesis compared to the alternative hypothesis, which was defined to be an effect size
taken from a half normal distribution with mean 0 and SD 0.2 (i.e., a distribution where effect
sizes range from 0 to roughly 0.4, and where smaller effects are more likely than larger ones;
our results were not highly sensitive to this choice, or to our choice of distribution; the Bayes
factors associated with various different alternative hypotheses are given in the Supplemental
Material available online). We interpreted the resulting Bayes factors, summarised in Table 1,
following Jeffrey’s (1961) guidelines. Many, 40%, fell between 3 and 1/3, indicating that the
trial was uninformative; 38% were less than 1/3, indicating support for the null hypothesis
(30% moderate, 7% strong, 0% very strong, and 0% decisive) and 23% were greater than 3,
indicating support for the alternative hypothesis that the intervention is effective (13%
moderate, 4% strong, 1% very strong, and 4% decisive). The overall median Bayes factor
was 0.56.

Discussion

On average, the effect size of the rigorous large-scale RCTs commissioned by the
EEF and NCEE was 0.06 SDs, much smaller than what is typically observed in the wider
educational literature. The averaged effect size was even smaller when weighted by the
precision of the estimates (0.04 SDs). By contrast, the confidence intervals of these effect
sizes were comparatively large, on average 0.30 SDs wide. Consequently, many trials were
uninformative: 40% of trials yielded Bayes factors between 3 and 1/3. These trials produced
findings consistent with both the null hypothesis of no effect, and also with an effect
comparable to that associated with one year of maturation and instruction (Bloom et al.,
2008). Such trials neither allow us to conclude that an intervention should be implemented at
scale, nor that this should be avoided to prevent the waste of public money.

For each of the trials in our sample the funding body felt that the intervention had
promise. Why did so many of these trials fail to find unambiguous evidence of positive
effects? In particular, why were the effect sizes found so much lower than the researchers
expected, and the typical effect sizes found in the education literature? Our discussion centers
around three broad, perhaps complementary, possibilities: (i) that many of the interventions
studied are ineffective because the literature upon which they are based is unreliable, (ii) that
many of the interventions studied are ineffective because they have been poorly designed or

implemented; and (iii) that many of the interventions studied are effective, but that these



trials were not designed so that their effects could be reliably detected. We discuss each in
turn.

One possibility is that the literature upon which educational interventions are based is
unreliable. Recent developments, collectively referred to as the ‘replication crisis’, suggest
that the psychological literature is not as robust as previously imagined (e.g., Open Science
Collaboration, 2015). This is an issue that should particularly concern education researchers.
Ioannidis (2005) has shown that if a scientific field ignores the importance of replication, a
situation can arise where “most published research findings are false”. This is worrying, as
only 0.13% of articles in leading education journals report replication studies (Makel &
Plucker, 2014). Equally, issues of p-hacking and other questionable research practices (e.g.,
John, Loewenstein, & Prelec, 2012; Simmons, Nelson, & Simonsohn, 2011) seem to apply as
much to education as to other areas of the psychological sciences. Interventions that are based
on insights gained from unreliable basic research are unlikely to be effective, even if they are
well designed, successfully implemented and appropriately trialed.

A second possibility is that the insights from basic research upon which the trials are
based were not adequately translated into an effective intervention and/or successfully
implemented. In education, basic research is generally developed in small, controlled
settings, and often requires translation before being implemented in schools. This problem is
compounded when trials are conducted at scale because an intervention implemented in many
schools is less likely to be done so consistently. Unfortunately, as Burkhardt and Schoenfeld
(2003) pointed out, the kind of translational work required to address this issue is
undervalued by the research community, and therefore receives comparatively little attention
or reward. Perhaps the reason that many EEF and NCEE trials failed to find unambiguously
positive results is that the skills required to successfully translate insights from lab-based
research into effective interventions that are possible to implement successfully are relatively
rare, or perhaps not sufficient time or focus is devoted to this work.

A third possibility concerns the design of trials themselves. Educational RCTs are
typically designed to have high external validity. Researchers achieve this by, among other
things, conducting their trials in genuine educational settings and using real-world outcome
measures that are often far removed from the intervention. For instance, the EEF’s
“increasing pupil motivation” trial evaluated whether providing financial incentives would
improve motivation. The primary outcome measure was scores in a national examination,
rather than a validated measure of motivation (Sibieta, Greaves, & Sianesi, 2014). This
decision increased the external validity of the trial, but also increased the level of noise in the

research design and reduced the range of plausible effect sizes (e.g., Baguley, 2009; Cheung



& Slavin, 2016). One plausible account for the relative lack of significant findings in many of
these trials is that the interventions being studied do have positive effects, but the researchers
underestimated the level of noise in their research designs, and therefore chose unrealistically
high MDESs (cf. Norman, 2003). If this account is correct, many EEF and NCEE trials are

inappropriately powered.

Implications

Determining which of these three accounts is correct (or, if each plays a role, which is
the primary factor), is vitally important. Each account demands a different change to current
practice.

The first account is simply that the basic research upon which educational
interventions are based is unreliable. Two reforms could improve this situation. First,
methodological improvements such as a greater emphasis on preregistration and data sharing
would likely lead to a more reliable literature (e.g., Open Science, 2015; Simmons et al.,
2011; SREE n.d.). Second, more care could be taken when assessing the reliability of existing
insights. For instance, a direct replication of basic research could be required prior to an RCT
being commissioned (the “goal” structure used by the NCER is an example of this approach;
NCER, 2012). Alternatively, critical reviews of the wider literature might lead to some
interventions to be questioned in advance of an RCT.

If our results can be explained by poor translation from basic research into effective
practice, then the research community needs to devote more effort to the kind of engineering
research advocated by Burkhardt and Schoenfeld (2003) by encouraging, for example, greater
collaboration between researchers, educational designers and professional development
providers.

Finally, if the interventions being trialed have positive effects, but for various reasons
the ways that trials are currently designed are not capable of reliably detecting them, then
methodological reform is necessary. Trials would need to be powered to much lower MDESs,
perhaps even to lower than 0.05. Given existing resource constraints, it seems impractical to
achieve this with larger samples (nearly 20,000 participants would be required for an
independent-samples #-test to detect an effect size of 0.04 with 80% power); and larger
samples do not in any event guarantee higher power (Weisburd, Petrosino, & Mason, 1993).
Alternatively, the power of trials could be increased through other means, perhaps by
focusing on more targeted subgroups of the population, using more targeted outcome

measures, or having greater oversight from the developers (indeed, in line with this latter



point, we found that EEF efficacy trials produced slightly greater effect sizes than EEF
effectiveness trials). These modifications would increase the power of trials, but might limit
the external validity of their findings. However, this need not limit the usefulness of such
research (Mook, 1983). To take the earlier example, the EEF’s “increasing pupil motivation”
trial could have used a validated measure of motivation as its primary outcome variable,
rather than a national examination. Arguably, using a more targeted outcome measure in this
fashion, coupled with a reliance on the theoretically well-established causal link between
self-motivation and attainment (e.g., Zimmerman, Bandura, & Martinez-Pons, 1992), would
have increased the power of the trial without necessarily affecting its cost or usefulness. Such
an approach would, however, have the unfortunate consequence of making it difficult to
legitimately compare effect sizes between trials that use different outcome measures
(Baguley, 2009).

It has only been possible to conduct the analysis reported in this paper because of the
extremely high methodological standards adopted by the EEF and NCEE. Specifically, both
funding bodies require analysis plans to be preregistered, and all results to be published. This
gives us confidence that EEF and NCEE trials are not affected by either the selective
reporting of analyses or by publication bias. This is not true for large-scale educational RCTs
in general. Had we conducted our analysis on the wider literature, we may have found that a
larger proportion of (published) RCTs are informative. However, such a finding would likely
be misleading due to the so-called ‘winner’s curse’, the observation that those papers which
make it through the review process typically overestimate effect sizes (Young, loannidis &
Al-Ubaydli, 2008). Without being able to study an unbiased sample of trials — including those
which did not find significant effects — it would not be possible to accurately estimate the
proportion that are informative. This observation reinforces the need for the level of rigor
insisted upon by the EFF and NCEE.

Given the significant level of educational research funding currently being spent on
rigorous large-scale RCTs, it is clearly unsatisfactory that so many trials are uninformative.
Understanding why educational RCTs often yield small and uninformative effects should be

seen as a priority for our field.
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Figure S.1. Effect sizes and confidence intervals of EEF trials.
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Figure S.2. Effect sizes and confidence intervals of NCEE trials.
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Note:
Raw data and R source code can be downloaded at: https://doi.org/10.6084/m9.figshare.c.4421087



Table S.1
Variables and effect sizes of EEF trials.

Total Cost Cost per Bayes

Intervention Year Total N %) pupil Topic Level Subgroup ES SEd Factor Strength
1stClass@Number 2018 532 287500.00 1 Mathematics Elementary 0.18 0.13 1.88 4
ABRA Online Reading Support 2016 2241 643,467.00 1 Language: Reading Elementary Non-ICT 0.23 0.07 80.92 4
Language: Reading Elementary ICT 0.14 0.07 3.81 4
Accelerated Reader 2015 349 147,000.00 1 Language: Reading Secondary 0.24 0.11 5.83 3
Achieve together (not Bournemouth) 2017 8,581 437,831.00 1 Combination Secondary 0.01 0.04 0.24 3
Act, Sing, Play 2015 909 415,000.00 2 Language: Reading Elementary 0.03 0.05 041 4
Mathematics Elementary 0.00 0.05 0.24 4
Affordable Individual and Small Group Tuition: Primary 2015 2,519 78,600.00 3 Mathematics Elem & Sec Maths -0.04 0.15 0.51 0
Language: General Elem & Sec English -0.08 0.13 0.38 0
Affordable Individual and Small Group Tuition: Secondary 2015 125,968 185,000.00 3 Language: General Secondary English -0.16 0.07 0.10 0
Mathematics Secondary Maths 0.05 0.03 1.10 0
Affordable Maths Tuition 2016 600 196,499.00 3 Mathematics Elementary -0.03 0.16 0.56 3
Affordable Online Maths Tuition 2016 600 196499.00 3 Mathematics Elementary -0.03 0.16 0.56 3
Butterfly Phonics 2015 370 457,980.00 2 Language: Reading Secondary 0.43 0.21 3.62 0
Catch Up Literacy 2015 631 430,000.00 4 Language: Reading Elem & Sec 0.12 0.07 2.32 4
Catch Up Numeracy 2014 224 71,000.00 1 Mathematics Elementary 0.21 0.10 5.06 3
Challenge the Gap 2017 40,025 961,778.00 1 Combination Elementary KS2 0.00 0.02 0.10 2
Combination Secondary KS4 -0.01 0.01 0.03 1
Changing Pupils’ Mindsets 2015 1791 368,460.00 3 Language: General Elementary Pupil workshops 0.18 0.10 3.09 2
2015 368,460.00 3 Mathematics Elementary Pupil workshops 0.10 0.09 1.16 2
2015 368,460.00 1 Mathematics Elementary Teacher training 0.01 0.10 0.48 3
2015 368,460.00 1 Language: General Elementary Teacher training -0.11 0.09 0.20 3
Chatterbooks 2014 577 397,314.00 1 Language: Reading Secondary Chatterbooks Plus -0.01 0.09 0.38 3
Language: Reading Secondary Chatterbooks -0.14 0.09 0.17 3
Chess in Primary Schools 2016 4009 689,150.00 1 Mathematics Elementary 0.01 0.08 041 5
Children’s University 2017 2603 559862.00 1 Language: Reading Elementary 0.12 0.06 3.50 2
Mathematics Elementary 0.15 0.06 10.02 3
Dialogic Teaching 2017 4958 499.,485.00 1 Mathematics Elementary 0.09 0.06 1.49 3
Language: General Elementary 0.15 0.08 3.24 3
Sciences Elementary 0.12 0.06 3.50 3
Discover Summer School 2014 124 240,652.00 5 Language: Writing Elem & Sec 0.24 0.34 1.18 0
Language: Reading Elem & Sec 0.21 0.32 1.15 0
Embedding Formative Assessment 2018 25000 489602.00 1 Combination Secondary 0.10 0.06 1.94 5
Family Skills 2018 1,985 556940.00 1 Language: General Kindergarten 0.01 0.02 0.16 5
Foreign Language Learning in Primary School FFL 2017 4967 200,000.00 1 Language: General Elementary 0.00 0.04 0.20 1
Fresh Start 2015 433 350,000.00 2 Language: Reading Elem & Sec 0.24 0.10 8.81 3
Future Foundations 2014 435 543,000.00 5 Language: General Elementary English 0.17 0.11 2.20 2
Mathematics Elementary Maths 0.00 0.11 0.48 2
Good Behaviour Game 2018 3084 820000.00 1 Language: Reading Elementary 0.03 0.06 0.44 4
Graduate coaching programme (Perry Beeches) 2015 373 306,000.00 5 Language: General Elem & Sec 0.36 0.08 4587.45 3




Grammar for Writing 2014 2,394 339,000.00 1 Language: Writing Elementary Class level vs. control 0.10 0.10 1.09 3
Class level vs. control no

Language: Writing Elementary small group 0.06 0.11 0.74 3

Language: Writing Elementary Small group vs. control 0.24 0.13 3.39 3

Language: Writing Elementary Small group vs. whole group 0.21 0.09 7.76 3

GraphoGame Rime 2018 398 364527.00 1 Language: Reading Elementary -0.06 0.09 0.27 5
Hampshire Hundreds 2014 1440 121,000.00 2 Combination Elementary Disadvantaged pupils 0.03 0.06 0.44 2
Combination Elementary Other pupils -0.02 0.05 0.18 2

Improving Numeracy and Literacy 2015 3189 489,471.00 1 Language: Reading Elementary -0.05 0.07 0.21 5
Mathematics Elementary 0.20 0.09 6.26 5

Improving Writing Quality 2014 845 395,850.00 1 Language: Writing Elem & Sec 0.74 0.24 10.52 2
Increasing Pupil Motivation 2014 15,710 1,100,000.00 3 Mathematics Secondary Event incentives 0.08 0.05 1.52 2
Mathematics Secondary Financial incentives 0.04 0.05 0.51 2

Language: General Secondary Event incentives 0.04 0.06 0.52 2

Language: General Secondary Financial incentives 0.02 0.05 0.34 2

Learner Response System 2017 6500 1013991.00 1 Mathematics Elementary Maths (cohort A) 0.00 0.07 0.33 3
Language: Reading Elementary Reading (cohort A) 0.00 0.06 0.29 3

Mathematics Elementary Maths (cohort B) -0.08 0.07 0.17 5

Language: Reading Elementary Reading (cohort B) -0.04 0.07 0.23 5

Lesson Study 2017 12,700 543425.00 1 Combination Elementary 1 Year of Lesson 0.02 0.04 0.30 5
Combination Elementary 2 Year of Lesson 0.03 0.05 041 5

Let’s Think Secondary Science 2016 8000 639,485.00 1 Sciences Secondary -0.02 0.03 0.09 3
LIT Programme 2014 5,565 310,000.00 1 Language: Reading Secondary 0.09 0.07 1.22 1
Literacy Octopus Dissemination: CEM 2017 88,088 1 Language: General Elementary Passive Arm vs control 0.01 0.01 0.14 5
Literacy Octopus Dissemination: How2s 2017 87,701 1 Language: General Elementary Passive Arm vs control 0.01 0.01 0.14 5
Literacy Octopus Dissemination: IEE 2017 86,742 1 Language: General Elementary Passive Arm vs control 0.01 0.01 0.14 5
Literacy Octopus Dissemination: ResearchEd 2017 86,155 1 Language: General Elementary Passive Arm vs control 0.01 0.01 0.14 5
Literacy Octopus: CEM 2017 2,174 1 Language: Reading Elementary Passive Arm vs control 0.00 0.06 0.29 5
Literacy Octopus: CEM 2017 2,080 1 Language: Reading Elementary Active Light Arm vs control 0.03 0.06 0.44 5
Literacy Octopus: CEM 2017 2,386 1 Language: Reading Elementary Active Arm vs control 0.03 0.06 0.44 5
Literacy Octopus: How2s 2017 2,337 1 Language: Reading Elementary Passive Arm vs control 0.00 0.06 0.29 5
Literacy Octopus: How2s 2017 2,448 1 Language: Reading Elementary Active Arm vs control -0.03 0.06 0.20 5
Literacy Octopus: IEE 2017 2,291 1 Language: Reading Elementary Passive Arm vs control -0.02 0.06 0.23 5
Literacy Octopus: IEE 2017 2,203 1 Language: Reading Elementary Active Arm vs control -0.04 0.06 0.18 5
Literacy Octopus: ResearchEd 2017 2,474 1 Language: Reading Elementary Passive Arm vs control 0.00 0.06 0.29 5
Literacy Octopus: ResearchEd 2017 2,122 1 Language: Reading Elementary Active Arm vs control 0.01 0.06 0.33 5
Magic Breakfast 2016 8,841 425,967.00 1 Language: Reading Elementary 0.10 0.08 1.28 4
Mathematics Elementary 0.08 0.07 1.02 4

Mathematics Elementary 0.15 0.05 33.45 4

Language: Writing Elementary 0.14 0.05 19.35 4

Language: Reading Elementary 0.10 0.05 3.10 4

Mathematics Mastery: Primary 2015 5,108 600,000.00 2 Mathematics Elementary 0.10 0.06 1.94 3
Mathematics Mastery: Secondary 2015 7,712 174,000.00 1 Mathematics Secondary 0.06 0.05 0.84 4
Maths Champions 2018 628 380000.00 1 Mathematics Kindergarten 0.10 0.12 1.01 2




MathsFlip: Flipped Learning 2017 1100 890080.00 2 Mathematics Elementary 0.09 0.19 0.93 3

Mind the Gap - Campaign for Learning 2014 1177 550,000.00 2 Combination Elementary -0.14 0.28 0.65 1

Nuffield early language intervention 2016 394 736,546.00 Language: General Kindergarten 20 weeks 0.16 0.09 2.89 4

Language: General Kindergarten 30 weeks 0.27 0.10 16.39 4

Paired Reading (Peer Tutoring in Secondary Schools) 2015 2736 520,064.00 1 Language: Reading Secondary -0.02 0.07 0.27 4

Language: Reading Secondary -0.06 0.04 0.08 4

Parenting Academy 2016 2153 991,400.00 3 Language: Reading Elem & Sec Unincentivised 0.02 0.09 0.49 4

Mathematics Elementary Incentivised 0.01 0.11 0.51 4

Language: Reading Elem & Sec Incentivised 0.00 0.09 0.41 4

Mathematics Elem & Sec Unincentivised -0.04 0.10 0.34 4

Philosophy for Children 2015 3159 272,000.00 1 Language: Writing Elem & Sec 0.03 0.05 0.41 3

Language: Reading Elementary 0.12 0.05 7.22 3

Mathematics Elementary 0.10 0.05 3.10 3

Project-Based Learning 2016 4,074 906,000.00 1 Language: Reading Secondary -0.13 0.09 0.18 1

Promoting Alternative Thinking Strategies (PAThS) 2015 3336 90,000.00 1 Mathematics Elementary Year 5 0.03 0.05 041 4

Mathematics Elementary Year 6 -0.03 0.05 0.16 4

Language: Reading Elementary Year 5 -0.03 0.05 0.16 4

Language: Reading Elementary Year 6 -0.11 0.05 0.08 4

Quest 2015 3,641 572,832.00 2 Language: Reading Secondary -0.04 0.05 0.14 1

Rapid Phonics 2015 201 148,000.00 3 Language: Reading Secondary -0.05 0.15 0.49 3

REACH 2016 287 525,000.00 1 Language: Reading Secondary Reading + Comprehension 0.51 0.09 516200.92 2

Language: Reading Secondary Reading 0.33 0.10 69.61 2

ReflectED (Metacognition) 2016 1858 253,000.00 1 Mathematics Elementary 0.30 0.17 291 4

Language: Reading Elementary -0.15 0.22 0.53 4

Research Learning Communities 2017 5462 237000.00 1 Language: Reading Elementary 0.02 0.05 0.34 5

Response to Intervention 2014 517 496,000.00 2 Language: Reading Elementary 0.19 0.10 3.62 1
Language: Reading Elementary -0.09 0.13 0.36

Rhythm for Reading 2014 419 78,755.00 1 Language: Reading Secondary 0.03 0.08 0.50 3

Shared maths 2015 6,472 766,945.00 1 Mathematics Elementary 0.02 0.04 0.30 4

Mathematics Elementary 0.01 0.04 0.24 4

SHINE on Manchester 2016 1376 510,175.00 4 Language: Reading Elementary SHINE vs control (Year 3) 0.10 0.15 0.97 3

Language: Reading Elementary SHINE vs control (Year 1) 0.03 0.16 0.70 3

Language: Reading Elementary SHINE vs control (Year 2) -0.10 0.08 0.18 3

SPOKES 2016 808 1,000,000.00 4 Language: Reading Elementary 0.08 0.08 0.94 3

Language: Reading Elementary 0.05 0.08 0.63 3

Language: Reading Elementary 0.03 0.08 0.50 3

Success for All 2017 1767 1,410,000.00 1 Language: Reading Elementary End of Year 1 0.07 0.05 1.11 3

Language: Reading Kindergarten End of Reception 0.04 0.05 0.51 3

Summer Active Reading 2014 205 218,414.00 2 Language: Reading Elementary 0.13 0.13 1.24 3

Switch On Reading 2014 314 70,575.00 3 Language: Reading Secondary 0.24 0.11 5.83 3

Switch-on Effectiveness Trial 2017 999 670000.00 2 Language: Reading Elementary 0.00 0.07 0.33 4

Talk for Literacy 2015 236 148,110.00 1 Language: Reading Secondary 0.20 0.11 3.24 4

Talk of the Town 2016 3,299 967,780.00 1 Language: Reading Elementary Treatment vs. control, NGRT | -0.03 0.22 0.69 4

Teacher Effectiveness Enhancement Programme (TEEP) 2016 13,990 997,000.00 1 Mathematics Secondary -0.02 0.06 0.23 3




Language: General Secondary -0.04 0.07 0.23 3

Teacher Observation 2017 14,100 1180000.00 1 Combination Secondary -0.01 0.04 0.16 5
Texting Parents 2016 19,298 532,620.00 1 Sciences Secondary -0.01 0.02 0.07 3
Mathematics Secondary 0.07 0.01 | 4103348604 3

Language: General Secondary 0.03 0.02 0.56 3

TextNow Transition 2014 501 480,953.00 2 Language: Reading Elem & Sec -0.06 0.08 0.23 3
Thinking, Doing, Talking Science 2015 1513 270,000.00 1 Sciences Elementary 0.22 0.06 273.98 3
Tutoring with Alphie 2015 248 153,280.00 3 Language: Reading Elementary 0.11 0.13 1.07 0
Units of sound 2015 786 390,206.00 3 Language: Reading Secondary -0.08 0.10 0.27 1
Vocabulary Enrichment Intervention Programme 2014 649 393,570.00 2 Language: Reading Secondary 0.06 0.06 0.76 4
Youth Social Action: Secondary Trial 2016 7,781 676,142.00 2 Language: General Secondary -0.09 0.04 0.06 2
Mathematics Secondary -0.09 0.04 0.06 2

Zippy’s Friends 2018 3904 190000.00 1 Language: Reading Elementary -0.02 0.03 0.09 2

Notes: Bayes Factors were calculated by modelling the alternative hypothesis with a half normal distribution with mean 0 and SD 0.2.



Table S.2
Variables and effect sizes of NCEE trials.

NCEE Report ID Intervention Year | Total N Topic Level Subgroup ES SEd | Bayes Factor
NCEE 2008-4013 Four Reading Interventions 2008 729 Language: Reading Elementary Word Attack (Grade 3) 0.36 0.07 86407.34
Language: Reading Elementary TOWRE PDE (Grade 3) 0.26 0.06 3164.43
Language: Reading Elementary Word identification (Grade 3) 0.15 0.04 338.59
Language: Reading Elementary TOWRE SWE (Grade 3) 0.11 0.03 212.52
Language: Reading Elementary AIMSweb (Grade 3) 0.14 0.07 3.81
Language: Reading Elementary Passage Comprehension (Grade 3) 0.14 0.06 6.89
Language: Reading Elementary GRADE (Grade 3) 0.06 0.11 0.74
Language: Reading Elementary Word Attack (Grade 5) 0.18 0.04 6632.06
Language: Reading Elementary TOWRE PDE (Grade 5) 0.11 0.06 2.58
Language: Reading Elementary Word identification (Grade 5) -0.04 | 0.05 0.14
Language: Reading Elementary TOWRE SWE (Grade 5) 0.09 0.06 1.49
Language: Reading Elementary AIMSweb (Grade 5) -0.08 | 0.04 0.07
Language: Reading Elementary Passage Comprehension (Grade 5) -0.08 | 0.06 0.13
Language: Reading Elementary GRADE (Grade 5) 0.05 0.07 0.62
NCEE 2008-4028 Classroom Literacy Intervention (CLIO) 2008 2790 Language: General Kindergarten Expressive language: English -0.11 0.07 0.14
Language: General Kindergarten Expressive language: Spanish 0.05 0.10 0.66
Language: General Kindergarten Phonological awareness: Blending -0.13 0.07 0.12
Language: General Kindergarten Phonological awareness: Elision 0.00 0.07 0.33
Language: General Kindergarten Print knowledge 0.05 0.07 0.62
Language: General Kindergarten Receptive vocabulary -0.09 | 0.06 0.12
Language: General Kindergarten Syntax and grammar -0.08 | 0.06 0.13
NCEE 2008-4030 Institute Series 2008 2620 Language: Reading Elementary 0.08 0.08 0.94
NCEE 2008-4030 Institute Series (Plus Coaching) 2008 2436 Language: Reading Elementary 0.03 0.09 0.53
NCEE 2009-4041 Grade 9-Cognitive Tutor Algebra 1 2009 755 Mathematics Secondary -0.06 | 0.05 0.12
NCEE 2009-4041 Grade 9-Larson Algebra I 2009 1204 Mathematics Secondary 0.00 0.05 0.24
NCEE 2009-4041 Grade 1-Destination Reading 2009 742 Language: Reading Elementary 0.09 0.08 1.09
NCEE 2009-4041 Grade 1-Headsprout 2009 1079 Language: Reading Elementary 0.01 0.05 0.28
NCEE 2009-4041 Grade 1-Plato Focus1 2009 618 Language: Reading Elementary 0.02 0.07 0.42
NCEE 2009-4041 Grade 1-Waterford Early Reading Program | 2009 1155 Language: Reading Elementary 0.02 0.07 0.42
NCEE 2009-4041 Grade 4-Academy of Reading 2009 899 Language: Reading Elementary -0.01 0.05 0.21
NCEE 2009-4041 Grade 4-LeapTrack 2009 1274 Language: Reading Elementary 0.09 0.03 24.15




NCEE 2009-4041 Grade 6-Larson Pre-Algebra 2009 2588 Mathematics Elementary 0.11 0.07 1.85
NCEE 2009-4041 Grade 6-PLATO/ Achieve Now 2009 1037 Mathematics Elementary -0.03 0.07 0.25
NCEE 2009-4043 ACvs. TC 2009 2600 Language: Reading | Kinder & Elem -0.01 0.05 0.21
Mathematics Kinder & Elem -0.05 | 0.03 0.06

NCEE 2009-4047 Student Mentoring Program 2009 2360 Mathematics Elem & Sec Math -0.05 | 0.04 0.09
Mathematics Elem & Sec Math—Percent Proficient -0.03 0.04 0.12

Language: Reading Elem & Sec Reading/ELA -0.04 | 0.05 0.14

Language: Reading Elem & Sec Reading/ELA—Percent Proficient -0.03 0.04 0.12

Sciences Elem & Sec -0.03 0.04 0.12

Social Studies Elem & Sec -0.01 0.04 0.16

NCEE 2009-4068 CompassLearning Odyssey® Math 2009 2446 Mathematics Elementary 0.02 0.03 0.27
NCEE 2009-4077 Harcourt 2009 1936 Mathematics Elementary Harcourt: Cohort 1 0.09 0.04 4.41
Mathematics Elementary Harcourt: Cohort 2 0.09 0.05 2.14

NCEE 2009-4077 Success for All 2009 1531 Language: Reading Elementary SAT 10 reading (cohort 1) -0.08 | 0.04 0.07
Language: Reading Elementary DIBEL Fluency (cohort 1) 0.05 0.06 0.62

Language: Reading Elementary DIBEL Nonsense Fluency (cohort 1) | 0.07 0.07 0.85

Language: Reading Elementary SAT 10 reading (cohort 2) 0.01 0.07 0.37

Language: Reading Elementary DIBEL Fluency (cohort 2) 0.09 0.07 1.22

Language: Reading Elementary DIBEL Nonsense Fluency (cohort 2) | 0.14 0.09 2.07

NCEE 2010-4014 K-PAVE 2010 1296 Combination Kindergarten Academic knowledge 0.14 0.06 6.89
Language: General Kindergarten Listening comprehension 0.11 0.07 1.85

Language: General Kindergarten Expressive vocabulary 0.14 0.05 19.35

NCEE 2010-4015 Project CRISS 2010 3372 Language: Reading Elementary Cohort 1 -0.01 0.06 0.25
Language: Reading Elementary Cohort 2 0.00 0.04 0.20

NCEE 2010-4015 Read for Real 2010 3188 Language: Reading Elementary Cohort 1 -0.08 | 0.05 0.10
Language: Reading Elementary Cohort 2 -0.02 | 0.07 0.27

NCEE 2010-4015 ReadAbout 2010 3298 Language: Reading Elementary Cohort 1 -0.04 | 0.05 0.14
Language: Reading Elementary Cohort 2 0.06 0.06 0.76

NCEE 2010-4021 Reading Apprenticeship (RAAL) 2010 2255 Language: Reading Secondary 0.12 0.04 29.65
NCEE 2010-4021 Xtreme Reading 2010 2329 Language: Reading Secondary 0.05 0.04 0.74
NCEE 2010-4022rev Problem Based Economics 2010 3752 Economics Secondary Economic Content 0.32 0.13 8.99
Economics Secondary Economic Problem Solving 0.27 0.12 6.44

NCEE 2010-4027 Teacher's induction 2010 1690 Language: Reading Elementary Two-year districts 0.11 0.05 4.65




Mathematics Elementary Two-year districts 0.20 0.05 903.16
Language: Reading Elementary One-year districts 0.01 0.04 0.24
Mathematics Elementary One-year districts -0.10 | 0.06 0.11
NCEE 2010-4029 Charter vs. Normal 2010 2150 Language: Reading Secondary -0.07 | 0.03 0.04
Mathematics Secondary -0.06 | 0.04 0.08
NCEE 2010-4035 Thinking Reader® 2010 2147 Language: Reading Elementary Vocabulary -0.04 | 0.04 0.10
Language: Reading Elementary Comprehension 0.03 0.06 0.44
NCEE 2011-4001 (maths) Investiguations 2011 2634 Mathematics Elementary Grade 1 0.00 0.04 0.20
Mathematics Elementary Grade 2 0.09 0.05 2.14
NCEE 2011-4001 (maths) Math Expressions 2011 2729 Mathematics Elementary Grade 1 0.11 0.04 14.83
Mathematics Elementary Grade 2 0.12 0.05 7.22
NCEE 2011-4001 (maths) Saxon 2011 2698 Mathematics Elementary Grade 1 0.07 0.05 1.11
Mathematics Elementary Grade 2 0.17 0.05 111.73
NCEE 2011-4001 (reading) Collaborative Strategic Reading 2011 1355 Language: Reading Elementary 0.05 0.03 1.10
NCEE 2011-4005 CASL 2011 9596 Mathematics Elementary 0.01 0.06 0.33
NCEE 2011-4007 CRISS 2011 4959 Language: Reading Secondary 0.05 0.07 0.62
NCEE 2011-4024 Mathematics Professional Development 2011 2132 Mathematics Secondary -0.01 0.14 0.55
NCEE 2012-4002 Making Sense of SCIENCE™ 2012 5130 Sciences Secondary ATLAST 0.11 0.05 4.65
Sciences Secondary California Standards Test 0.03 0.07 0.47
NCEE 2012-4004 Lessons in Character 2012 4683 Combination Elementary 0.08 0.08 0.94
Language: General Elementary 0.09 0.05 2.14
NCEE 2012-4005 QTEL 2012 36017 Language: General Secondary Grade 7: CELDT 0.05 0.07 0.62
Language: General Secondary Grade 8: CELDT 0.03 0.08 0.50
Language: General Secondary Grade 7: CST-ELA -0.01 0.03 0.12
Language: General Secondary Grade 8: CST-ELA 0.01 0.05 0.28
Language: General Secondary Grade 7 (Low): CST-ELA 0.03 0.06 0.44
Language: General Secondary Grade 8 (Low): CST-ELA 0.01 0.04 0.24
NCEE 2012-4006 Summer reading program 2012 1571 Language: Reading Elementary 0.02 0.04 0.30
NCEE 2012-4007 Number Rockets 2012 994 Mathematics Elementary 0.34 0.07 24201.18
NCEE 2012-4008 AMSTI 2012 18713 Mathematics Elem & Sec 0.05 0.02 4.36
Sciences Elem & Sec 0.05 0.03 1.10
NCEE 2012-4010 6+1 Trait Writing Model 2012 4134 Language: Writing Elementary 0.11 0.05 4.65
NCEE 2012-4013 Curriculum and teacher PD on the language | 2012 2612 Language: General Elementary -0.03 0.06 0.20




NCEE 2012-4014 Success in Sight 2012 8213 Language: Reading Elementary -0.01 0.03 0.12

Mathematics Elementary -0.06 | 0.04 0.08

NCEE 2012-4017 CMP2 2012 5677 Mathematics Elementary 0.02 0.07 0.42

NCEE 2012-4020 Kentucky Virtual Schools 2012 5864 Mathematics Secondary -0.15 | 0.11 0.23
NCEE 2012-4021 Access to Algebra I 2012 440 Mathematics Secondary 0.40 0.11 154.24

NCEE 2013-4000 MAP 2013 1914 Language: Reading Elementary ISAT reading scale score 0.05 0.06 0.62

Language: Reading Elementary MAP composite score 0.07 0.06 0.93

NCEE 2013-4001 Content Literacy Continuum 2013 9557 Language: Reading Secondary Grade 10 0.10 0.07 1.49

Language: Reading Secondary Grade 9 0.06 0.05 0.84

NCEE 2013-4002 CHILD Professional Development 2013 3078 Language: Reading Elementary 0.24 0.10 8.81

NCEE 2013-4015 TFA 2013 4573 Mathematics Elem & Sec 0.07 0.03 4.21

NCEE 2013-4015 Teaching Fellow 2013 4116 Mathematics Elem & Sec 0 0.03 0.15

NCEE 2014-4003 Transfer Incentives (Focal Teacher) 2014 17052 Language: Reading Elementary 0.10 0.05 3.10
Mathematics Elementary 0.18 0.05 215.97

Language: Reading Secondary 0.01 0.05 0.28

Mathematics Secondary 0.04 0.09 0.59

NCEE 2016-4004 Teacher Incentive Fund 2016 | 121592 | Language: Reading Elem & Sec Cohort 1 0.03 0.02 0.56

Mathematics Elem & Sec Cohort 1 0.02 0.02 0.27

Language: Reading Elem & Sec Cohort 2 0.03 0.01 8.88

Mathematics Elem & Sec Cohort 2 0.04 0.02 1.41

Language: Reading Elem & Sec Cohort 3 0.04 0.02 1.41

Mathematics Elem & Sec Cohort 3 0.05 0.02 4.36

NCEE 2016-4010 Focusing on Mathematical Knowledge 2016 3677 Mathematics Elementary NWEA Test -0.05 | 0.04 0.09

Mathematics Elementary State Assessment -0.06 | 0.03 0.05

NCEE 2017-4022 DC Opportunity Scholarship Program 2017 | 1771 | Language: Reading | Elem & Sec 0.09 | 0,058 0.11

Mathematics Elem & Sec 012 1 0.055 0.09

NCEE 2018-4001 Performance Feedback 2018 30093 Language: Reading Elem & Sec Year 1 0.01 | 0.018 0.15

Mathematics Elem & Sec Year 1 0.053 | 0.019 8.92

Language: Reading Elem & Sec Year 2 0.024 | 0.026 0.32

Mathematics Elem & Sec Year 2 0.058 | 0.03 1.79

NCEE 2018-4004 Teacher Incentive 2018 57897 Combination Elementary Year 1 0.36 0.18 3.76

Combination Elementary Year 2 0.27 0.15 3.13

Combination Elementary Year 3 0.04 0.13 0.68




‘ ‘ ‘ Combination Elementary Year 4 ‘ 0.39 ‘ 0.18 ‘ 4.63

Notes: Bayes Factors were calculated by modelling the alternative hypothesis with a half normal distribution with mean 0 and SD 0.2.



Table S.3
Description of the trials commissioned by the EEF and NCEE, using the first outcome reported.

EEF NCEE Overall
N. trials 82 59 141
Total N. participants 790,279 431,745 1,222,024
Median N. per trial 2,222 2,594 2,386
Effect size
Min -0.14 -0.15 -0.15
Max 0.74 0.40 0.74
Median 0.03 0.02 0.02
% positive 68% 66% 67%
Unweighted Mean 0.07 0.05 0.06
95% CI (0.04; 0.10)  (0.02; 0.08) (0.04; 0.08)
Weighted Mean 0.04 0.04 0.04
95% CI (0.02; 0.06) (0.02; 0.06) (0.03; 0.05)
Q 153.36 166.58 322.79
2 59% 71% 69%
Precision
Mean CI Width 0.34 0.23 0.29
Median CI Width 0.27 0.20 0.23
% effect size sig. > 0 21% 27% 23%
Mean MDES 0.24 0.16 0.21
Median MDES 0.19 0.14 0.17
Average Power 22% 26% 24%
Median Power 14% 22% 17%
Informativeness

Bayes Factor

% Uninformative 45% 25% 37%
% Supporting HO 35% 47% 40%
% Supporting Ha 20% 27% 23%
Median 0.54 0.42 0.51

Notes: Power was calculated assuming an effect size of 0.06. Bayes Factors were calculated by modelling the alternative hypothesis with a half normal
distribution with mean 0 and SD 0.2.



Table S.4
Description of the trials commissioned by the EEF and NCEE, using the outcome associated with the largest effect size.

EEF NCEE Overall
N. trials 82 59 141
Total N. participants 790,279 431,745 1,222,024
Median N. per trial 2,222 2,594 2,386
Effect size
Min -0.14 -0.15 -0.15
Max 0.74 0.40 0.74
Median 0.03 0.05 0.05
% positive 71% 75% 72%
Unweighted Mean 0.09 0.07 0.08
95% CI (0.05; 0.12)  (0.04; 0.10)  (0.06; 0.10)
Weighted Mean 0.06 0.06 0.06
95% CI (0.04; 0.08)  (0.04; 0.08) (0.04; 0.07)
Q 201.35 147.54 362.22
2 77% 66% 73%
Precision
Mean CI Width 0.34 0.24 0.30
Median CI Width 0.27 0.21 0.24
% effect size sig. > 0 23% 32% 27%
Mean MDES 0.24 0.17 0.21
Median MDES 0.19 0.15 0.17
Average Power 22% 24% 23%
Median Power 14% 20% 16%
Informativeness

Bayes Factor

% Uninformative 44% 36% 40%
% Supporting HO 30% 32% 31%
% Supporting Ha 26% 32% 28%
Median 0.67 0.78 0.74

Notes: Power was calculated assuming an effect size of 0.06. Bayes Factors were calculated by modelling the alternative hypothesis with a half normal
distribution with mean 0 and SD 0.2.



Table S.5
Description of the trials commissioned by the EEF and NCEE, using every outcome from every trial as if they were independent

EEF NCEE Overall
N. trials 82 59 141
Total N. participants 790,279 431,745 1,222,024
Median N. per trial 2,222 2,594 2,386
Effect size
Min -0.16 -0.15 -0.16
Max 0.74 0.40 0.74
Median 0.03 0.04 0.03
% positive 64% 69% 66%
Unweighted Mean 0.06 0.05 0.05
95% CI (0.04; 0.08)  (0.03;0.07) (0.04; 0.07)
Weighted Mean 0.04 0.04 0.04
95% CI (0.02; 0.05)  (0.02; 0.05) (0.03; 0.05)
Q 301.85 349.15 656.74
2 68% 70% 69%
Precision
Mean CI Width 0.32 0.23 0.28
Median CI Width 0.26 0.20 0.23
% effect size sig. > 0 20% 25% 23%
Mean MDES 0.23 0.16 0.20
Median MDES 0.19 0.15 0.16
Average Power 21% 27% 24%
Median Power 15% 21% 17%
Informativeness

Bayes Factor

% Uninformative 45% 36% 41%
% Supporting HO 35% 39% 37%
% Supporting Ha 20% 25% 23%
Median 0.50 0.62 0.52

Notes: Power was calculated assuming an effect size of 0.06. Bayes Factors were calculated by modelling the alternative hypothesis with a half normal
distribution with mean 0 and SD 0.2.



Table S.6.1
Bayes factors associated with various different alternative hypotheses (Model of Ha: half normal distribution)

% Supporting HO % Supporting Ha
. % Uninformative % Moderate % Strong % Very Strong % Decisive % Moderate % Strong % Very Strong % Decisive
Model of Ha k Median
(13<BF<3) (/IO<BF<1/3) (1/30<BF<1/10) (1/100<BF<1/30) (BF < 1/100) (3<BF<10) (10<BF<30) (30<BF<100) (BF>100)
Half Normal (Mean 0; SD 0.10) 141 0.80 58% 17% 1% 0% 0% 15% 4% 1% 4%
Half Normal (Mean 0; SD 0.15) 141 0.66 47% 27% 2% 0% 0% 15% 3% 3% 4%
Half Normal (Mean 0; SD 0.20) 141 0.56 40% 30% 7% 0% 0% 13% 4% 1% 4%
Half Normal (Mean 0; SD 0.25) 141 0.48 36% 32% 10% 0% 0% 13% 4% 1% 5%

Half Normal (Mean 0; SD 0.30) 141 0.42 35% 31% 13% 1% 0% 11% 4% 1% 5%




Table S.6.2
Bayes factors associated with various different alternative hypotheses (Model of Ha: normal distribution)

% Supporting HO % Supporting Ha
Model of H K Medi % Uninformative % Moderate % Strong % Very Strong % Decisive % Moderate % Strong % Very Strong % Decisive
odel ot Ha edian (13<BF<3)  (I/I0<BF<1/3) (1/30<BF<1/10) (1/100<BF<1/30) (BF < 1/100) (3<BF<10) (10<BF<30) (30<BF<100) (BF>100)
Normal (Mean 0; SD 0.10) 141 0.85 79% 6% 0% 0% 0% 9% 2% 1% 3%
Normal (Mean 0; SD 0.15) 141 0.72 69% 16% 0% 0% 0% 9% 1% 2% 4%
Normal (Mean 0; SD 0.20) 141 0.57 57% 23% 4% 0% 0% 10% 1% 2% 4%
Normal (Mean 0; SD 0.25) 141 0.48 49% 30% 5% 0% 0% 9% 1% 3% 3%

Normal (Mean 0; SD 0.30) 141 0.41 43% 38% 5% 0% 0% 8% 1% 3% 3%




Figure S.1

Effect sizes and confidence intervals of EEF trials.
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Figure S.2

Effect sizes and confidence intervals of NCEE trials.
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