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Abstract

In undertaking randomised controlled trials (RCTs) attrition can be a problem, as it may introduce bias post randomisation if the characteristics of those lost to follow-up are materially different between groups.  Attrition bias in RCTs is based on theory and there is relatively little empirical evidence.  One approach to assess whether attrition is introducing bias is to undertake a meta-analysis of measured covariates comparing group values as randomised (no attrition) versus group values as analysed (with attrition).  In the first analysis, because of randomisation, any baseline differences are simply due to chance and a meta-analysis should show zero imbalances across treatment groups and zero heterogeneity.  In contrast, in the presence of bias, the second analysis would show baseline differences and/or baseline heterogeneity.  In this study we took a sample of 37 completed RCTs funded by Education Endowment Foundation (EEF) in the UK, and we compared the baseline values of as randomised and as analysed samples.  There was no heterogeneity observed for pre-test for as randomised or for as analysed (I2 = 0.00%).  Further work is required using a larger sample of trials.
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Introduction
Research questions that aim to evaluate the efficacy of interventions on a targeted outcome, compared with comparison conditions, need to establish causal links between variables. Inferring causal links between interventions and outcomes requires the elimination of selective allocation bias which occurs when group membership is correlated with a variable that affects outcomes (Heckman, 1979). This often happens when participants are not randomly allocated into exposure and control conditions or due to inadequate concealment during random allocation (Kunz et al., 2007) One of the most robust research designs that minimise these types of bias is randomised controlled trial (RCT) or ’true’ experimental design. The use of random allocation to form intervention and control (or comparison) groups minimises allocation bias, thereby producing groups that are statistically similar at baseline, that is, any observation of unobservable differences between groups at the start of a trial is as a result only of the play of chance rather than as a result of systematic differences associated with each group (i.e., biases). With such features, RCTs are often referred to as the ‘gold standard’ for measuring the efficacy of interventions on targeted outcomes (Torgerson and Torgerson, 2003). 
If allocation bias is present in a study, any differences seen between groups at outcome may be the result of an intermediate variable rather than as the result of the effect of an intervention, the so-called ‘confounding’ effect (Hernán et al., 2004). Randomisation minimises allocation bias at baseline; however, in the presence of attrition, bias can be introduced. Previous methodological studies have shown a link between the quality of the randomisation process and baseline heterogeneity (Clark et al, 2022). In principle, the problem of allocation bias should be relatively easy to deal with by improving the randomisation method. However, the problem of attrition is virtually inevitable and potentially poses a larger problem. 
Attrition occurs in almost all randomised experiments in human populations. A proportion of randomised participants often fail to provide post-test data, and this can lead to a loss of statistical power and the introduction of a potential source of attrition bias. The issue of power loss is easily addressed at the trial planning stage by simply increasing the sample size to account for a putative attrition rate. The problem of bias, however, is much more challenging. 
As attrition is quite common, reviewers of published reports of randomised trials will often judge the quality of a given trial by its attrition rate (Valentine & McHugh, 2007). Indeed, some organisations, such as the United Kingdom education charity, the Education Endowment Foundation (EEF), explicitly have a replicable process for providing an overall quality grading score (the 5- ‘padlocks’ system) where trials with an attrition rate of >10% are deemed to be of lower quality than trials with a lower loss to follow-up of participants. 
A ‘rule of thumb’ relating to attrition issues in health care trials is that, if attrition is 5% or lower then it is judged to be of low risk of bias. Attrition rates between 5% and 20% may introduce a potential source of bias, and attrition rates greater than 20% gives cause for concern about the introduction of bias (Schulz and Grimes, 2002). However, these values are supported by little empirical evidence. High attrition only poses a threat to the internal validity of a trial if participants with different characteristics are lost by one of the trial arms (Dumville et al, 2006). High attrition poses a threat if the characteristics of the participants lost in one arm are systematically different from those that remain in that arm and those in the other arm. If, for instance, in a hypothetical trial there is 20% attrition from an intervention arm and 10% attrition from a control or comparison arm then this is more concerning than a hypothetical trial which has a 15% loss from both groups. 
However, even if the proportion of participants lost is the same in each group, the characteristics of the participants lost may differ by group and can introduce bias. In education trials this can be an artefact of the intervention if, for example, participants (pupils or schools) withdraw due to logistical or philosophical objections to the intervention. We can never be certain if there is a difference in unmeasured characteristics between the groups even when attrition is equal between groups. 
One advocated approach to ascertain whether attrition has led to bias is to compare the baseline characteristics of participants as randomised with participants as analysed (Dumville et al, 2006). If differences in baseline characteristics are similar between the groups, then the reader can be reassured that, for a specific trial, attrition is less likely to increase the risk of bias. On the other hand, if baseline differences increase between ‘as randomised’ and ‘as analysed’ participants, then the results should be treated with caution. In a previous methodological study in education trials, Valentine and McHugh (2007) undertook a meta-analysis of 35 studies, published between 1982 to 2003, specifically to explore baseline comparability among studies with differential rates of attrition. In their initial homogeneity analysis, the authors estimated was a baseline heterogeneity of I2= 37 %; however, this estimate was driven by a single study, which, when removed from the dataset, led to a heterogeneity estimate of I2= 0%, which would be expected to occur if attrition had not introduced baseline imbalances. There were some limitations in the trials in the Valentine and McHugh study. Often randomisation was not clearly described so the researchers had to take on trust that participants in those trials were allocated randomly. This study takes a sample of more recent randomised trials published in education to assess whether there is any evidence of bias due to attrition.
Methods
This current study is a methodological review of recently published (Education Endowment Foundation) EEF trials. In the UK the EEF has been the lead funder of RCTs in the field of education for several years. Therefore, we decided to obtain our sample of trials from this website. Nearly all EEF trials are published on the funder’s website, which reduces the risk of publication bias affecting our sample. The EEF website was searched by two independent researchers for RCTs published between 2014 and 2021. Two inclusion criteria were followed for the selection of eligible trials: 1) studies which applied random allocation, and 2) studies which reported ‘as randomised’ and ‘as analysed’ baseline (pre-test) data. Data from the published evaluation reports were extracted to be used within this review. Where more than two arms were reported, the first reported intervention in the baseline table was taken unless they represented distinct populations. Where multiple trials, or one trial with multiple year groups, were reported within one evaluation report, each trial or year group was extracted separately, if it was clear they were distinct ‘trials’. The pre-test data were extracted into a spreadsheet. If the primary outcome was a continuous measure and measured as a pre-test variable this was selected for extraction. If the primary outcome was not measured at pre-test, then the next continuous variable, measured at pre and post-test, listed in the publication, was selected. Data extraction was also undertaken independently by multiple pairs of reviewers.
We undertook two fixed-effect meta-analyses of all the eligible trials, one for ‘as randomised’ and one for ‘as analysed’ pre-test variables. We chose to report fixed-effects as we hypothesised that the difference of interest, i.e., a zero difference between the intervention and control groups at pre-test, was the same for all trials, regardless of their intervention and outcome. This null hypothesis assumes that there is no difference between the groups, except by chance.  For the ‘as randomised‘ group this is expected to be true, if there is robust randomisation, as randomisation ensures that between group differences are simply due to chance. For the group ‘as analysed’ whether the null hypothesis is true or false may depend on bias introduced by attrition. To take into account the clustering of the data in the cluster randomised controlled trials we calculated the design effect from either the reported intracluster correlation coefficient (ICC) or if this were not reported we used the average ICC reported. Where both the ‘as protocol/randomised’ and ‘at analysis’ were reported, the ‘as protocol’ was used, as this is the most conservative estimate of ICC. We calculated the design effect using the formula 1+((m-1) * ICC) – where m is the average cluster size. To calculate the average cluster size, we extracted the number of randomised clusters, and divided the sample size for each arm by the respective number of clusters (i.e. for a trial with 10 clusters, we would anticipate each of the arms to have 5 clusters, assuming a 1:1 ratio). For example, a trial with a sample size of 300, 10 clusters, would have  an average class (cluster) size of 30; if the trial had an ICC of 0.19 this would result in a design effect of 6.51, thus the trial would have the equivalent sample size of 46 . Dividing the sample size by the design effect increases the standard error for trials with large clusters and high ICCs, which allows for chance imbalances. The main outcome of this analysis is the value of the I2 statistic, which should be zero in both groups in the presence of random differences, which is what we expect for the first group but may not be so for the second group. To further this, we also performed sub-group analyses where we looked to see whether the results were affected by the type of randomisation (e.g., cluster or non-cluster), levels of retention (i.e., <80% 80-90% and >90%), and the type of reported pre and post-test outcome (i.e., whether the primary outcome is reported both in pre and post-test.). Additionally, further sensitivity analyses were conducted considering the disadvantaged status of the samples, i.e., factors likely to introduce confounding, namely free school meal eligibility and English as an additional language. 
Results
In total, 158 studies were identified via the EEF database (Education Endowment Foundation | EEF) which were then assessed for eligibility. 39 studies (24.7%) were excluded as they were not a full-scale RCTs (i.e., 24 pilot evaluations, 4 process evaluations, 3 studies using quasi-experimental designs, 2 comparison group studies, 2 qualitative evaluations, 1 meta-analysis, 1 discussion piece, 1 matched comparison study and 1 regression discontinuity design). Additionally, two studies (1.3%) were excluded as full-texts as they were not publicly available. Hence, 117 studies were assessed for whether they included pre-test data and 84 studies were excluded (72%) due to not reporting either ’as randomised’ or ‘as analysed’ pre-test data. Consequently, quantified data were extracted from the remaining 33 eligible studies. Of these, four studies included results from either multiple trials or multiple year groups within the same study which could be included as separate results, thus a total of 37 trials were included in the analysis in this study. 
Of the 37 trials in this study, 29 were cluster randomised (i.e., 23 at the setting level, 4 at the class level, and 2 were multi-level), with seven individually randomised trials, and one where the level of randomisation was unknown. The included trials primarily evaluated interventions that aimed to improve various aspects of literacy (e.g., reading, writing, and language skills) (n=20), seven evaluated mathematics interventions, two evaluated science interventions, seven evaluated multiple areas, and in one case the topic area was unknown. Most of the trials were two-arm (n=31), four were three-arm and one had four arms, with one having an unknown number of arms. These trials spanned the years 2014 to 2021.
Of the 37 RCTs which data were extracted for, 33 of these reported pre-test data. Twenty-seven trials reported pre-test scores ‘as randomised’, and 27 reported pre-test scores ‘as analysed’. 25 reported both (73% of those included, 82% of those that reported a pre-test score) – though not all reported enough data to be included in the subsequent meta-analyses. Two trials reported ‘as randomised’ only, and two trials reported ‘as analysed’ only. A limitation of this study is that a number of trials had to be excluded if they had not reported both ‘as randomised’ and ‘as analysed’ at baseline.
Attrition is defined as the proportion of participants that were randomised, and that were not included in the primary analysis. Within the studies included in this study, the attrition rates ranged from 0.9% to 72.6%. The level of attrition is summarised in Table 1. 
Table 1: Summary statistics of attrition rates seen between the ‘as randomised’ and ‘as analysed’ populations in the included education trials.
	
	N
	Mean (%)
	SD
	Median
(%)
	IQR
	Range

	Overall
	34
	17.0
	15.4
	11.7
	7.1 – 20.7
	0.9 – 72.6

	Trials that reported both as randomised and as analysed baseline characteristics
	24
	17.2
	12.9
	11.7
	7.8 – 22.1
	4.6 – 53.0



Figure 1 shows all the trials that reported the pre-test ‘as randomised’, using descriptive statistics – where the results were summarised as categories, these could not be included. As this figure shows there is no material difference between the intervention and control groups in the pooled pre-test estimate, which is to be expected (0.02, 95% Confidence Interval (CI) -0.02 to 0.06, p = 0.95). There was no heterogeneity I2 = 0.00% (n=22 trials included). 
[image: ]
Figure 1: Forest plot of the primary outcome, comparing the pre-tests for the ‘as randomised’ group
[image: ] Figure 2: Forest plot of the primary outcome, comparing the pre-tests for the ‘as analysed’ group
Figure 2 shows the meta-analysis of the trials that reported pre-test ‘as analysed’. The level of heterogenteity seen is the same as for the ‘as randomised’, I2 = 0.00% - and a similar pooled result (0.02, 95% CI -0.03 to 0.06, p = 0.93) - suggesting no impact of attrition in increasing baseline imbalance between the two groups (n=20 trials included).

There were 18 trials which provided both pre-test ‘as randomised’ and pre-test ‘as analysed’. When we repeated our analysis of this subgroup of trials the results did not materially change. For the pre-test ‘as randomised’ the pooled difference was 0.02 (95% CI -0.03 to 0.06, p = 0.94) and the heterogeneity statistics was I2 = 0.00%. For the pre-test ‘as analysed’ the heterogeneity was also 0.00%, and the baseline difference was similar (0.02, -0.03 to 0.06, p = 0.87). 

We explored whether there was a difference in heterogeneity between cluster and individually randomised trials as has been observed elsewhere (Bolzern et al., 2018). The amount of heterogeneity for the cluster trials was 0.00% for both ‘as randomised’ and ‘as analysed’. Whereas for individually randomised trials it was higher in the ‘as randomised’ with I2 = 11.75% compared to 0.00% for ’as analysed’. However, there were only three individually randomised trials compared with 19 cluster trials in the comparison, making it difficult to reach a firm conclusion. 

When comparing the heterogeneity levels between the ‘as randomised’ studies – all three groups (high retention [90-100%], medium retention [80-90%], and low retention [0-80%]) had no heterogeneity (I2 = 0.00%). Whereas, in the ‘as analysed’ comparison, studies with the low retention did experience some heterogeneity (I2 = 5.65%), and those with higher levels of retention did not (I2 = 0.00%).


Table 2: Summaries of the results of the analysis exploring Free School Meals and English as an additional language 
	
	As randomised
	As analysed

	Free School Meals/Early Years Pupil Premium

	Number of trials
	21
	20

	Pooled-estimate (95% CI)
	-0.05 (-0.13, 0.03)
	-0.04 (-0.12, 0.04)

	p-value
	0.38
	0.44

	I2
	5.82%
	1.38%

	English as an Additional Language

	Number of trials
	8
	8

	Pooled-estimate (95% CI)
	-0.06 (-0.21, 0.09)
	-0.12 (-0.28, 0.04)

	p-value
	0.21
	0.17

	I2
	27.47%
	32.51%



For both the Free Schools Meals and English as an additional language analysis, there was a reduced sample (n =21 and 20, and n=8 and 8 respectively), due to these not being collected within every education trial. Within the Free School Meals analysis, there was a reduction of approximately 4.5 percentage point change in the level of heterogeneity between the ‘as randomised’ and ‘as analysed’ samples. There was around a 5.0 percentage point increase in heterogeneity seen between ‘as randomised’ and ‘as analysed’ in the English as an additional language analysis. In both cases the attrition between ‘as randomised’ and ‘as analysed’ samples does not seem to have had an impact on the level of baseline heterogeneity. 

Discussion

In this study, we sought to explore whether attrition introduced bias in the form of baseline pre-test heterogeneity. We saw that in general, baseline heterogeneity was 0% for both ‘as randomised’ and ‘as analysed’ - which is expected when a secure and robust randomisation procedure is used.  In a case-controlled study comparing individually randomised trials in health care with cluster randomised trials, Bolzern and colleagues found that there was 0% heterogeneity in the individually randomised trials but 83% heterogeneity in the cluster trials (Bolzern et al., 2018). This finding was explained by a significant proportion of the cluster trials recruiting participants after randomisation which led to selection bias. In the present study, of the 37 included trials, 29 (78.4%) stated that they undertook the baseline assessments prior to randomisation or were using a baseline variable that was from a previous assessment (such as KS1 score). Four of the trials (10.8%) had not completed all baseline assessments prior to randomisation (typically due to logistical reasons), and in an additional four trials, it was unclear whether all baseline assessments were done prior to randomisation (10.8%) – although this post-baseline data collection does not appear to have impacted the results. In the ‘as-analysed’ comparisons, we did not observe any differences in the amount of heterogeneity, suggesting that the attrition that occurred in this sample of studies did not introduce additional baseline heterogeneity. We did however notice a higher level of heterogeneity in the ‘as randomised’ individually randomised comparison than in ‘as analysed comparison’ – though only three trials were included within this analysis.

A previous study conducted in the field of education by Valentine and McHugh (2007) found significant ‘as analysed’ heterogeneity with an I2 of 37% in 26 studies all of which had suffered some attrition (average 16%). However, this was driven by one study, which, when removed from the analysis, resulted in an I2 value of 0%. 
Additionally, there were minor changes in the level of heterogeneity seen for both the subgroup analysis on EAL and FSM.  

One limitation of this study is that, of the 158 potentially eligible studies published on the EEF website, 39 did not meet our criteria and were therefore excluded from the analyses. We acknowledge that we were only able to look at imbalances, or lack thereof, in measured characteristics. We cannot know whether attrition has caused imbalances in unmeasured or unmeasurable characteristics.

Conclusions

In this methodological study we sought evidence to support, or refute, the view that attrition is a substantial threat to the interval validity of randomised trials. There was not any strong evidence to suggest that attrition in this sample of trials increased baseline heterogeneity, which would be expected if it was causing increased bias. However, trialists should ensure that they use robust randomisation procedures and undertake pre-tests before allocation of participants to groups to mitigate any potential bias.   
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